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Abstract

Immune cell infiltration is an important indicator of whether tumor patients will ben-
efit from immunotherapy. Gastric cancer is one of the most common tumors in the
world, and new indicators of immunotherapy are urgently needed. The aim of this
study was to construct ceRNA networks in gastric cancer with different degrees
of immune cell infiltration. We analyzed the expression profiles of different gastric
cancer with different degrees of immune cell infiltration retrieved from The Cancer
Genome Atlas (TCGA) database and found differentially expressed IncRNAs, mRNAs,
and miRNAs. A ceRNA regulatory network of gastric cancer with different degrees of
immune cell infiltration was constructed using functional annotation, RNA-RNA in-
teraction prediction, correlation analysis, survival analysis, and other comprehensive
bioinformatics methods. The interaction and correlation between ceRNAs were veri-
fied using experiments on tumor tissues and cell lines. Cell line experiments showed
a potential RP11-1094M14.8/miR-1269a/CXCL9 axis that was consistent with the
ceRNA theory. gRT-PCR results showed that RP11-1094M14.8 knockdown signifi-
cantly reduced the expression of CXCL9, and RP11-1094M14.8 overexpression had
the opposite effect. The results of clinical analysis of gastric cancer samples showed
that RP11-1094M14.8 and CXCL9 were highly expressed in hot tumors, and CXCL9
was positively correlated with a better prognosis for patients. The constructed novel
ceRNA network and the potential regulatory axis may provide a comprehensive un-
derstanding of the potential mechanisms of development in gastric cancer with dif-
ferent degrees of immune cell infiltration. The RP11-1094M14.8/miR-126%9a/CXCL9
axis may serve as a potential immune-therapeutic target for gastric cancer with dif-

ferent degrees of immune cell infiltration.
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1 | INTRODUCTION

Gastric cancer is the fourth most common cancer and the sec-
ond leading cause of tumor-related death worldwide.! Locally
advanced GC has a high recurrence rate of approximately 40%-
80%.2 Although significant progress had been achieved in the
detection, prevention, diagnosis, and therapeutic strategy in
recent years,>* such as the detection of Helicobacter pylori in-
fection and immunotherapy, many questions remain unsolved,
and GC patients with advanced stages generally experience an
extremely poor prognosis.® With deepened understanding of the
molecular biological characteristics of gastric cancer, new gastric
cancer treatment strategies have been examined,® and mono-
clonal antibody-targeted drug therapy and immunotherapy has
brought hope to patients with gastric cancer.” Tumor immuno-
therapy is a new kind therapy that uses immunological principles
and methods to activate a patient's own immune system and en-
hance the patient's anti-tumor immune response, which inhibits
tumor growth.®?

A diagnostic indicator is important in the prediction of tumor
immunotherapy efficiency, which predicts whether patients may
benefit from treatment and provides ways in which to choose a
more suitable treatment for patients.'®! For example, PD-1 is an
effective target for tumor immunotherapy, however fewer than
20% of patients benefit from this therapy, and the immune mech-
anisms involved in the response to these therapeutic interventions
remain poorly elucidated, especially in non-small-cell lung cancers
and esophagus-gastric cancers.'?® The infiltration of immune cells
in tumor sites is the basis for effective immunotherapy. Therefore,
finding indicators to evaluate immune infiltration and the exam-
ination of their potential mechanisms will aid research progress in
immunotherapy.

The multifaceted role of IncRNAs in the development of GC had
been extensively studied.’* Competitive endogenous RNA (ceRNA)
regulatory networks are significant mechanisms by which IncRNAs
may exert huge influences on cancer. In the ceRNA networks,*>’
IncRNAs act as endogenous molecular sponges that competitively
bind to miRNAs,*® which indirectly regulate the expression level
of messenger RNA (mRNA). Numerous experiments have demon-
strated that this miRNA-regulated IncRNA and mRNA network is

involved in the development, progression, and invasion of cancer.'’

Yvonne et al®

showed that the tumor suppressor PTEN competed
with several ceRNAs in diverse cancers.

Immunotherapy is an important treatment method for tumors,
and has shown great clinical value. However, only a subset of pa-
tients respond to immunotherapy. The degree of T-cell infiltration is
regulated via tumor cell-intrinsic signaling pathways and gene regu-
latory networks.?! The role of this regulatory mechanism is not clear
in GC. The present study divided the large data of GC patients from
the TCGA database into 2 groups based on the different infiltration
pattern of T cells in tumors and investigated the regulatory mecha-
nism of different degrees of T-cell infiltration in the immune infiltra-

tion gastric cancer.

2 | MATERIALS AND METHODS
2.1 | TCGA data retrieval

The miRNA, mRNA and IncRNA data for gastric cancer patients
(RNAseqv2 and miRNA-seq) were downloaded from TCGA database
and were sorted into standardized original data for subsequent analy-
sis. Based on the median expression levels of CD3, CD8, IFN-y, and
GZMB, patients were defined as high expression or low expression of
these 4 genes. We analyzed differentially expressed genes between
the hot tumor group (111 patients with CD3*CD8*IFN-y*GZMB*) and
the cold tumor group (116 patients with CD3"CD8 IFN-y"GZMB").

2.2 | ldentification of differentially expressed
IncRNAs, mRNAs, and miRNAs

Differentially expressed mRNA, IncRNA, and miRNA were obtained
via screening and analyses of cold and hot tumors. The difference
screening parameters were set as P < .05 and false discovery rate
(FDR) < 0.05 and FC > 1.5. The numbers of differentially expressed
mRNAs, IncRNAs and miRNAs were 1082, 97, and 46, respectively.

2.3 | Functional annotation

To illustrate the functional annotations implicated with the
DEmRNAs, gene ontology (GO) annotation analysis and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway enrichment
analysis were performed using the “clusterProfiler” package in R
software. The significance level (P-value) and false-positive rate
(FDR) of each signal pathway were calculated using Fisher exact test
and multiple comparison test. Therefore, the significant signaling

pathway represented by the mRNAs was screened.??

2.4 | Construction of a ceRNA network

The miRNA target gene prediction algorithm miRanda (http://www.
microrna.org/), Targetscan (http://www.targetscan.org/) and miRWalk
(http://129.206.7.150/) were used for miRNA-mRNA target gene pre-
diction.?® miRanda and PITA (https://genie.weizmann.ac.il/pubs/mir07/
mir07_exe.html) were used for target gene prediction of miRNA-IncRNA.
Based on the predicted miRNA targeting relationship and expression
relationship, mMiRNA-mRNA and miRNA-IncRNA relationship pairs with
negative correlation were screened to construct an endogenous com-
petitive ceRNA (IncRNA-miRNA-mRNA-Network) regulatory network.

2.5 | PPI protein regulatory network analysis

The Retrieval of Interacting Genes (STRING) database tool

(string-db.org) was used to elucidate the interactive relationships
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of DEmRNAs. The interacting pairs with confidence scores
>0.4 were considered significant and retained. Based on the
STRING results, the PPl network was visualized using Cytoscape

software.?*

2.6 | Cell culture and transfection

GC cell lines (AGS, MKN45, NCI-N87 and MGC803) and the
human gastric epithelial cell line (GES-1) were purchased from
the American Type Culture Collection (ATCC). All cell lines were
cultured in Dulbecco's modified Eagle's medium (Gibco) supple-
mented with 10% (v/v) fetal bovine serum (Invitrogen) in a 5%
CO, in air atmosphere at 37°C. pCDH-EF1a-RP11-1094M14.8
and si-RP11-1094M14.8 vectors synthesized using
siRNA (Shanghai, China) and transfected into GC cells using
Lipofectamine 3000 (Invitrogen). Sequences of siRNA are shown
in Table S3.

were

2.7 | Western blotting

Cells were harvested in RIPA Lysis Buffer, and were lysed by ultra-
sound treatment (#DH92-1IN; LAWSON). Supernatants were col-
lected and protein concentrations were determined using Coomassie
brilliant blue G250 stain (#C8420, Solarbio). Proteins were separated
by SDS-PAGE and transferred to a Nylon membrane. Membranes
were blocked in 5% Milk/TBS-T for 2 h at room temperature and in-
cubated overnight at 4°C with primary antibodies and subsequently
with HRP-conjugated secondary antibody. Antibodies against
CXCL9 (#MAB392) and B-actin (#MAB8929) were purchased from
B&D.

2.8 | Clinical subjects

In total, 60 patients with gastric cancer were recruited after the
screening process, following approval by the Ethics Committee
Board of the Fifth Affiliated Hospital of Zhengzhou University,
Zhengzhou, China., Thirty tumor samples were collected from these
patients during surgery at the Fifth Affiliated Hospital of Zhengzhou
University.

2.9 | Immunohistochemistry analysis

The tissue specimens of GC patients were harvested, fixed in 10%
buffered formalin, dehydrated, mounted in paraffin, and sectioned.
Immunohistochemical staining was performed with antibodies
against human CXCL9 (#ab9720, Abcam) and CD8« (#85336, CST).
Two pathologists assessed all photographs. The German semiquanti-
tative scoring system was used to assess the stain intensity and area

extent. Each specimen received a score based on the intensity of
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stained cells (blank = O, light yellow = 1, yellow = 2, and brown = 3)
and the extent of stained cells (0% = 0, 1%-24% = 1, 25%-49% = 2,
50%-74% = 3, and 75%-100% = 4), and the immunoreactive score
was calculated by multiplying the intensity score by the extent of

stained cells.

2.10 | Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted from GC cells and gastric tissues using
TRIzol reagent (Thermo Fisher Scientific). A reverse transcription
kit (TaKaRa Biotechnology) was used for reverse transcription. The
StepOnePlus™ Real-Time PCR System (Thermo Fisher Scientific)
was used to perform the qRT-PCR assay. GAPDH was used as the
endogenous control to normalize IncRNA and mRNA expression,
and Small RNA RNU6 (Ué) was used for normalization of miRNA.%°
The relative expression level of the target RNA was calculated
using 2742, The primers used for amplification of targets are
shown in Table S2.

2.11 | Survival analysis

The Univariate Cox regression model was used to analyze the re-
lationship between overall survival and mRNA expression in GC
patients, and a P-value < .05 was considered significant. The expres-
sion levels of the samples were grouped as high or low based on the

cut-off point.26

3 | RESULTS

3.1 | Differentially expressed RNAs (DERNAS) in
gastric cancer with different degrees of immune cell
infiltration

We searched for gene expression microarrays of GC in the
TCGA database, and the raw data were standardized for sub-
sequent analysis.?’ Patients were defined as high expression
or low expression based on the median expression levels of
CD3, CD8, IFN-y, and GZMB. We analyzed differentially ex-
pressed genes between the hot tumor group (111 patients with
CD3"CD8'IFN-y*"GZMB") and the cold tumor group (116 pa-
tients with CD3 " CD87IFN-y"GZMB").28 The difference screening
parameters were set as P < .05 and FDR < 0.05 and FC > 1.5.
Differentially expressed RNAs, 97 IncRNAs, 46 miRNAs, and
1082 mRNAs, were identified (Figure 1A-C). Compared with the
cold tumor group, 79 (80%) IncRNAs, 28 (60%) miRNAs, and 751
(69%) mRNAs were upregulated, and 18 (20%) IncRNAs, 19 (40%)
miRNAs and 331 (31%) mRNAs were downregulated in the hot
tumor group. The distributions of DERNAs were demonstrated
using heatmaps and volcano plots. We analyzed the clinical char-

acteristics of 2 groups from the TCGA data. The results are given
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in Table S1. There was no difference in sex, age, and TNM stage.
But, interestingly, there was a significant difference in histologic
differentiation between the 2 groups and the histologic differ-
entiation of patients was poor in the hot group compared with in
the cold group. We considered that there might be suppression
effects of other factors in this sub-group, like dietary habits, liv-

ing environment, and so on.

3.2 | Functional enrichment analysis of the
significant DERNAs

To investigate the potential functional implications of the 1082
DEmRNAs, we performed functional annotations of GO and
KEGG of these DEmRNAs.?? The enriched GO functions of sig-
nificantly upregulated DEmRNAs were primarily involved in the

» o«

IR, such as “T-cell receptor signaling pathway,” “B cell receptor
signaling pathway,” and “positive regulation of B cell activation”
(Figure 2A). Pathway analysis showed that the significantly up-
regulated DEmRNAs were significantly enriched in 25 KEGG

n o«

pathways, such as “chemokine signaling pathway,” “cytokine-
cytokine receptor interaction,” and “Staphylococcus aureus infec-
tion” (Figure 2C). These results suggested that the significantly
upregulated DEmRNAs may influence the effects of immuno-
therapy for GC patients. The enriched GO functions for sig-

nificantly downregulated DEmRNAs included cornification, cell

differentiation, cell adhesion, and cell migration (Figure 2B). Some
enriched KEGG pathways were also observed, and metabolic

pathways were the most highly enriched pathways (Figure 2D).

3.3 | Construction of ceRNA network and Protein-
Protein Interaction (PPI) network in gastric cancer
with different degrees of immune cell infiltration

To identify whether these differentially expressed DERNAs ex-
isted in the competing endogenous regulating network, target
genes of MiIRNA-mRNA and miRNA-IncRNA were predicted using
the method of miRNA target basis factor predetermination, and a
IncRNA-miRNA-mRNA ceRNA network of gastric cancer with dif-
ferent degrees of immune cell infiltration was constructed.® This
network included 36 IncRNAs, 24 miRNAs, and 104 mRNAs. The
expression levels of several immune-related genes, such as CXCL9,
CXCL10, CXCL13, and GZMB, were upregulated in this ceRNA net-
work. CXCL9 was the most prominent gene, and was regulated by
IncRNA RP11-1094M14.8 and miR-1269a (Figure 3A). Based on
the ceRNA network, mRNA interaction relationships were iden-
tified using the STRING database with scores of >0.4, and 60
mRNAs were selected to construct the PPl network.®! CXCL9
also showed important regulatory effects in the PPl network
(Figure 3B). Given the differential expression of CXCL9 and the
regulatory role of CXCL9 in the ceRNA network and PPl network,
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CXCL9 may play an important role in the immunotherapy response

for gastric cancer.®?

3.4 | Correlation between CXCL9 and immune-
related genes

Given the complexity of the immune system, the infiltration differ-
ences of immune cells in tumor tissues were analyzed between the
2 groups of GC patients. The results showed a significantly different
infiltration pattern of immune cells between the hot tumor and cold
tumor groups. CD8" T cells and activated CD4" T cells are positive
regulatory immune cells that showed high infiltration in the hot tu-
mors. Macrophage infiltration in the cold tumors was relatively high
and the M1 subtype, which exerts tumor suppressive functions, was
more likely to be found in the hot tumors. Notably, the infiltration of
mast cells, which possess antigen-presenting functions in hot tumors,
was significantly reduced; this finding suggests that other mecha-
nisms of immune cell infiltration existed in these cells (Figure 4A).
Pearson correlation coefficient (r value) was used for heatmap con-
struction, and this heatmap was used to color these correlations.

Correlation analysis showed that CXCL9 was significantly related

to various immune cell-related genes; CXCL9 had the most obvi-
ous positive correlation with CD8 T cells and their functional factor
GZMB. The preproprotein encoded by GZMB is secreted by natural
killer (NK) cells and CTLs, and it generates an active protease that
finally induces target cell apoptosis (Figure 4B). Correlation analysis
between CXCL9 and immune infiltration was also performed using
TIMER2.0 software (http://timer.cistrome.org/). CXCL9 was also
found to be significantly and positively correlated with a variety of
immune cells, such as CD8" T cells, CD4" T cells, NK cells, B cells,
and so on. At the same time, immunosuppressive cells (myeloid-de-
rived suppressor cells [MDSC], Macrophage M2) were significantly
negatively correlated with CXCL9 (Figure S1). Consistent with our
findings, CXCL9 played an important regulatory role in immune in-
filtration and was a key control point for regulation of “cold” gastric

tumors into more immunologically activated “hot” tissues.
3.5 | Identification of a potential regulatory axis
A potential regulatory axis of RP11-1094M14.8/miR-1269a/

CXCL9 was identified from the ceRNA network (Figure 5A).
RP11-1094M14.8 and CXCL9 were significantly upregulated, and
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CXCL9 and immune infiltration

miR-1269a was significantly downregulated in hot tumor tissue
compared with cold tumor tissue (Figure S2A-C). Correlations of
these 3 genes were analyzed. As expected, there was a significant
correlation between PR11-1094M14.8 and CXCL9. However, there
was no significant negative correlation between mir-126%9a and
PR11-1094M14.8, as well as CXCL9 (Figure S2D). This did not af-
fect the present results, because the existing data analysis was
based on targeted binding of these 3 genes instead of correlation
analysis. Furthermore, qRT-PCR was performed to detected the ex-
pression levels of RP11-1094M14.8 , miR-126%9a and CXCL9 in four
GC cell lines, AGS, MKN45, NCI-N87, and MGC803, and the human
gastric epithelial cell line GES-1(Table S2). The results showed that
RP11-1094M14.8 and CXCL9 were underexpressed compared with

expression in a normal gastric cell line, and miR-126%9a was highly

expressed in GC cell lines (Figure 5B-D). To further determine the
expression of CXCL9, protein expression was detected by western
blot (Figure S3). These findings were consistent with our expectation
that CXCL9 had low expression in GC cell lines. NCI-N87 cells ex-
hibited a higher expression level in RP11-1094M14.8 compared with
other GC cell lines, in contrast with the MKN45 cells, which showed
a lower expression level. Therefore, NCI-N87 cells were selected for
RP11-1094M14.8 knockdown using siRNA (Table S3), and MKN45
cells were chosen for overexpression (Figure 5E,F). We detected
the expression levels of CXCL? in different treatment groups using
gRT-PCR. The results showed that gene expression of CXCL9 was
upregulated when RP11-1094M14.8 was overexpressed, and gene
expression of CXCL9 was downregulated when RP11-1094M14.8
was knocked down (Figure 5G). In contrast, miR-126%a expression
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FIGURE 5 Experimental validation of the RP11-1094M14.8/miR-1269a/CXCL9 axis. A, A potential regulatory axis of RP11-1094M14.8/
miR-1269a/CXCL9, which perfectly conformed to the ceRNA theory. B, RP11-1094M14.8 was downregulated in GC cell lines (AGS, NCI-N87,
MKN-45, MGC803) compared with gastric epithelial GES-1 cells. C, CXCL9 was downregulated in GC cell lines compared with gastric
epithelial GES-1 cells. D, miR-126%a was upregulated in GC cell lines compared with gastric epithelial GES-1 cells. E, RP11-1094M14.8 was
knocked down in MKN-45 cells, and the effects of knockdown were measured using qRT-PCR. F, RP11-1094M14.8 was overexpressed

in MKN-45 cells, and the effects of overexpression was measured using qRT-PCR. G, H, The expression levels of miR-1269a and CXCL9

after knockdown or overexpression of RP11-1094M14.8 in NCI-N87 or MKN-45 cells. |, The expression levels of CXCL9 after knockdown

or overexpression of miR-126%9a in NCI-N87 or MKN-45 cells. Data represent 1 of the 3 independent experiments with similar results

(***P <.0001, **P < .001)
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FIGURE 6 Clinical specimens verified the control axis and immune infiltration. Based on the expression values of CD3, CD8, IFN-y, and
GZMB, Clinical samples we screened were defined as hot and cold tumor. Hot group exhibited high expression of the 4 genes (Four Genes
High). Cold group exhibited low expression of the 4 genes (Four Genes Low). A, RP11-1094M14.8 was highly expressed in high immune
infiltration GC. B, miR-1269%a exhibited low expression in high immune infiltration GC. C, CXCL9 was highly expressed in high immune
infiltration GC (***P < .0001, **P < .001). D, Immuno-correlation analysis of CXCL9 and RP11-1094M14.8. Based on the expression values
of CXCL9, the clinical specimens were divided into 2 groups. E, F, Immunohistochemical analysis was performed to evaluate the correlation
between CD8 and CXCL9 protein expression. G, Kaplan-Meier curve of CXCL9 that significantly correlated with overall survival

significantly increased after RP11-1094M14.8 knockdown in NCI- changes in gene expression of CXCL9 caused by changes in miR-
N87 cells and decreased after RP11-1094M14.8 overexpression 1269%a. In line with expectations, miR-1269a acted as a sponge of
in MKN45 cells, as determined using qRT-PCR (Figure 5H). Then, CXCL9 expression, CXCL? levels were downregulated by miR-1269a
we purchased mimics and an inhibitor of miR-126%9a and detected mimics and upregulated by the miR-1269a inhibitor (Figure 5I).
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3.6 | Immunity role of CXCL9 in clinical samples

To date, tumor immunotherapy has primarily focused on T-cell-
mediated cytotoxicity. IFN-y and GZMB as markers of T-cell func-
tion will likely be missing following T-cell depletion induced by the
tumor microenvironment. Infiltration of exhausted T cells could
have a subsequent negative fatigue effect on later immunotherapy,
this type of tumor cannot be defined as a “hot” tumor. Conversely,
to improve the validity of these analyses, more refined grouping
is necessary. Therefore, eliminating such cases from samples col-
lected was executed. Screened clinical samples were defined as
hot or cold tumors. One group exhibited high expression of the
4 genes (CD3*CD8'IFN-y*GZMB") and was defined as hot tu-
mors. The other group exhibited low expression of the 4 genes
(CD3"CD87IFN-y"GZMB") and was defined cold tumors. We de-
tected the expression of RP11-1094M14.8, miR-1269a and CXCL9
(Figure 6A-C). RP11-1094M14.8 and CXCL9 were highly expressed
in hot tumors, and the expression of miR-1269a was low in hot tu-
mors. The correlation between CXCL9 and immune-related genes
was investigated. A heatmap was constructed using the Pearson
correlation coefficient (r) of these genes. This heatmap was used
to color these correlations: pink indicated positive correlations,
and the color intensity indicated the strength of correlation. The
results showed that CXCL9 was distinctly positively correlated
with cytotoxic cells but negatively correlated with immunosup-
pressive cells (Figure 6D). Therefore, we performed immunohisto-
chemical analyses to determine and compare the expression levels
of CD8 and CXCL9 from 30 GC tissues (Figure 6E,F). The propor-
tion of CD8" T cells strongly correlated with CXCL9 levels in GC
tissues, which indicated that CD8" T-cell recruitment in vivo was
associated with secretion of CXCL9. The results of the pathologi-
cal parameter analysis showed that low expression of CXCL9 cor-
related with advanced TNM stage (P =.0106) and lymphovascular
invasion (P =.013) (Table S4). Low expression of CXCL9 correlated
with a poor prognosis for GC patients (Figure 6G).

4 | DISCUSSION

Gastric cancer has a high mortality rate, and threatens human life
and health.%® The extremely poor prognosis of patients with gastric
cancer greatly promotes the development of an effective treatment
measure.>* Compared with traditional treatment, immunotherapy is
a new treatment that shows great potential in the treatment of tu-
mors. However, some patients do not benefit from it.%> Therefore,
it is important to find indicators to predict whether patients will
benefit from immunotherapy.36 Key to improving outcomes from
immunotherapy is the detailed understanding of the cellular and mo-
lecular mechanisms. Recent studies have shown that ncRNAs play
important roles in cancer initiation, progression, and immune regula-
tion. miRNAs and IncRNAs are important parts of ncRNAs, and have
received more attention from medical researchers.’” We expected

to find new indicators to detect if patients would benefit from

immunotherapy. Here, we specifically explored RP11-1094M14.8/
miR-1269a/CXCL9 induced immune responses in patients with GC at
the level of gene expression signatures and infiltrative immune cells.

The present study analyzed the information from gastric can-
cer patients present in TCGA database. The biological functions of
DEmMRNASs in 2 groups were investigated using KEGG pathway anal-
ysis and GO analysis. Results were consistent with existing reports
and revealed that these DEmRNAs were significantly associated with
changes in immune function and the chemokine signaling pathway.
Most importantly, significant differences were found in the activa-
tion and function of T cells and NK cells, which was in line with our
expectations. To find the key gene for immunity regulation, a ceRNA
network and a PPl network were constructed using the DERNAs.
CXCL9 was the most significantly different gene in these networks, all
results evidently pointed to CXCL9 as a gatekeeper in the immunity
regulation. CXCL9 primarily mediates the infiltration of lymphocytes
into lesions and inhibits tumor growth.284° Gorbachev et al*! showed
with in vivo models that cancer cells deficient in CXCL? were more
likely to result in tumors than cells expressing CXCL9 and CXCL10.
The facilitation of CXCL9 expression on monoclonal antibody ther-
apy was reported. Our focus on CXCL9 as a key tumor cell-intrinsic
regulator of immune phenotypes stemmed from mixing experiments
that showed that low T-cell infiltration exerted a dominant effect.
CXCL9? was also found to be significantly and positively correlated
with a variety of immune cells such as NK cells, B cells and dendritic
cells (DCs). Immunosuppressive cells (MDSC, Macrophage M2) were
significantly negatively correlated with CXCL9. Consistent with our
view, CXCL9, with an important regulatory role in immune infiltration,
was a key control point for regulation of “cold” prostate tumors into
more immunologically activated “hot” tissues. Our findings also indi-
cated that tumor cell-derived CXCL9, which is a molecular “switch” of
T-cell infiltration in the tumor microenvironment (TME) phenotype,
had corresponding effects on the poor prognosis of patients.

Based on the results of the ceRNA network and PPl network,
a potential RP11-1094M14.8/miR-1269a/CXCL9 regulatory axis was
proposed. Expression levels and regulatory relationship were further
demonstrated by cell experiment and clinical specimens. These find-
ings suggested a new mechanism in CXCL9 secretion. This finding
can provide a new diagnostic index for whether patients would ben-
efit from immunotherapy. Further analysis showed that low expres-
sion levels of CXCL9 were associated with lymphovascular invasion
and advanced TNM stage, and these patients showed poor progno-
sis. Immunoassay results showed that CXCL? positively correlated
with molecules associated with the activation and function of T cells
and NK cells; immunosuppressive molecules showed the opposite
correlation, which suggests the role of CXCL9 in immune regulation.
This further confirmed our initial results. In future research, we will
use a chimeric antigen receptor (CAR) T-cell therapeutic model to
study CXCL9.

In conclusion, we provided a comprehensive view of the un-
derlying mechanism for the progression of different degrees of
immune infiltration of gastric cancer by constructing a ceRNA

regulatory network and axis. We proposed an axis in which
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RP11-1094M14.8 ‘sponges up’ miR-1269a to regulate CXCL9 ex-
pression. These findings were validated in clinical samples and cell
lines using gRT-PCR. We suggest that this regulatory axis exerts
a critical role in the immune cell infiltration of GC. CXCL9 may be
used as a potential diagnostic indicator for predicting the bene-
fit of immunotherapy in GC patients. There are some limitations
to our study, further tests are needed for validation. No further
in vivo experiments were used to validate these results, and the
exact mechanisms of immune infiltration induced by CXCL9 must

be further investigated.
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