Original Article

L))

Check for
updat

CXCLS is a potential biomarker for predicting disease progression
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Background: To find potential biomarkers for predicting disease progression in gastric cancer (GC).

Methods: An extensive bioinformatics study of the Cancer Genome Atlas (TCGA) and Oncomine datasets

was conducted to define potential mMRNA biomarkers for GC. The mRNA expression profiles of 375 GC

and 32 neighboring noncancerous adrenal tissues were analyzed. The Oncomine database was used to

validate the hub genes. The correlation between candidate hub gene expression and survival of GC patients

was analyzed using the Kaplan-Meier method.

Results: Ten differentially expressed genes were identified as hub genes, and CXCL8 was the only gene

validated as being up-regulated in GC tissues compared to control tissues using both the TCGA and

Oncomine databases. Immunofluorescence staining showed that CXCLS8 was expressed in GC tissues, and its

higher expression predicted worse relapse-free survival in GC patients.

Conclusions: CXCLS8 is a potential biomarker for predicting disease progression in GC.
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Introduction

Gastric cancer (GC) is one of the leading causes of cancer-
related mortality worldwide (1), and has the second highest
incidence rate of all cancers (2,3). As the most common
malignancy in the digestive system, GC is a major public
health concern (4), especially in China which is among
the countries with the highest incidence of GC (5-7).
Although the etiology of GC has not been fully elucidated,
its pathogenesis is believed to be associated with extremely
complicated processes that involve multiple factors (8). To
a large extent, early diagnosis significantly determines the
prognosis of GC, as the 5-year survival rate of early GC
is more than 90%, while that of advanced GC is less than
50% (9). Therefore, timely detection of GC-specific tumor
markers can assist early diagnosis, reduce mortality rate, and
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improve prognosis of GC patients. However, because of the
lack of specific symptoms and signs in early stages of GC, it
is difficult to diagnose most patients. Exploring economic,
effective, and safe screening methods for the early diagnosis
of GC and predicting the prognosis of GC patients is
extremely important.

CXC chemokine 8 (CXCLS), which belongs to the family
of CXC chemokines (C is cysteine, X refers to an arbitrary
amino acid), is generated by many cells (10). CXCL8 has
a chemotactic effect on specific white blood cells and can
be stimulated by phytohemagglutinin, lipopolysaccharide,
bacterial virus products, tumor necrosis factor-oa (TINF-a),
and interleukin (IL). Also known as IL-8, CXCLS8 activates
and promotes a series of inflammatory responses, such as
chemotaxis and degranulation of neutrophils (11). CXCL8
is abnormally expressed in many tumors and is involved
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in tumor development (12). In addition to chemotaxis and
activation of immune cells, CXCL8 expression is closely
related to the occurrence, development, and metastasis of
cancer cells in many tumors (13). However, the diagnostic
and prognostic values of CXCL8 in GC have not been
extensively studied.

In the current study, we explored potential prognostic
predictors and therapeutic targets by systematically
analyzing the gene expression profiles of GC and control
samples using the Cancer Genome Atlas ('CGA) database,
and found that CXCLS is up-regulated in GC. We further
validated the CXCLS8 expression pattern in the Oncomine
database, a cancer microarray database, and a web-based
data-mining platform (14). Our subsequent survival analysis
suggests that CXCLS8 is a potential biomarker for predicting
progress of GC.

Methods
Databases

Data for the GC tissue (375 cases, GC group) and
neighboring noncancerous adrenal tissues (32 cases, Control
group) with complete clinical and survival information
were downloaded from the TCGA database (https://
cancergenome.nih.gov/). The RStudio-1.1.419 software was
employed to analyze the differential expression levels between
the two groups. The Oncomine database (https://www.
oncomine.org) (14) was also selected to search the differential
expression levels of target genes between groups. Additionally,
the Kaplan-Meier Plotter database (http://kmplot.
com/analysis/index.php?p=service&cancer=gastric) (15)
was used to generate the overall survival (OS) and disease-
free survival (DFS) curves.

Functional and pathway enrichment analysis

The Kyoto Encyclopedia of Genes and Genomes (KEGG)
Orthology Based Annotation System (https://david.nciferf.
gov/), based on multiple databases including pathways,
diseases, and gene ontology (GO), was used to execute
KEGG pathway enrichment analysis and GO enrichment
analysis (16,17).

Protein-protein interaction (PPI) network construction

The RStudio Tool was used to generate PPI data (18).
In addition, the database was employed to quantify the
interrelationships of analyzed differentially expressed
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genes (DEGs). Results were visualized using Cytoscape
software (19). A confidence score >0.4 was defined as
significant. The hub genes were those that had a connectivity
degree over 20 in the PPI network.

Prognostic value of each bub gene

Based on the TCGA database, the RStudio-1.1.419 software
was used to investigate the impacts of the expression levels
of each hub gene on OS or DES of GC patients. The log-
rank test and the Mantel-Cox test were used as hypothesis
tests. The cohort thresholds were adjusted and gene-pairs
were used.

Survival analyses

The Kaplan plot univariate and Cox multivariate survival
analyses were used to verify the correlation between gene
expression and clinicopathological parameters in GC
patients, as well as their clinical prognostic significance. The
survival plots also contained the cox proportional hazard
ratio and P=0.05 was set as the significance level.

Immunobhistochemistry (IHC) assay

The THC assay data from GC and normal gastric tissues
were downloaded from The Human Protein Atlas (https://
www.proteinatlas.org/ENSG00000169429-CXCLS8/tissue/
stomach). A polyclonal antibody against human CXCLS8
(HPA057179) was used for the IHC assay.

Statistical analysis

SPSS 22.0 software IBM, Armonk, NY, USA) was used for
statistical analysis. The Chi-square test and Fisher exact
probability method were used to analyze the correlations
between the expression levels of biomarkers and the
clinicopathological characteristics of patients. Statistical
significance was defined as P<0.05.

Results

Identification of DEGs between GC and healthy control
samples

First, we performed gene expression profiling for 375 GC
tissues and 32 normal gastric tissues, whose information was
deposited in the TCGA database. After quality assessment
and data preprocessing, such as a rank aggregation analysis
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of the expression matrices, we identified 1,313 statistically
significantly altered genes, including 781 up-regulated and
532 down-regulated genes, in GC samples compared to
control tissues. The heatmap (Figure 1A4) and Volcano plot
(Figure 1B) show the up-regulated DEGs (red) and down-
regulated DEGs (green).

Functional and pathway DEG enrichment analysis

To gain further insight about the function of the identified
DEGs, all DEGs were subjected to pathway enrichment
analysis (https://david.nciferf.gov/). The GO analysis
indicated that five biological processes were enriched: Go:
0001580, Go: 0006508, Go: 0030216, Go: 0018149, and
Go: 0007586 (all P value <0.05) (Figure 24). Furthermore,
19 significantly enriched KEGG pathways (hsa05204,
hsa05033, hsa04975, hsa04974, hsa04972, hsa04970,
hsa04911, hsa04727, hsa04530, sha04080, hsa04002,
sha00983, hsa00982, hsa00980, hsa00860, hsa00830,
hsa00140, hsa000530, and hsa00040) were identified (all P
value <0.05). The top 5 most significantly enriched KEGG
pathways were as follows: hsa04972, protein digestion
and absorption; hsa00980, metabolism of xenobiotics by
cytochrome P450; hsa05204, chemical carcinogenesis;
hsa00982, drug metabolism-cytochrome P450; and
hsa00830, retinol metabolism (Figure 2B).

Identification of bub genes using PPI network analysis of
DEGs

We constructed a PPI network using a cutoff confidence
>0.4 and degree of connectivity >20. We found 20 genes
that were regarded as hub genes among the 1,313 DEGs
(Figure 3). The top 10 hub genes—GNGT1, KNGI, GNG7,
ANXAI, GPR17, LPAR3, PPBP, CXCLS, NPY, and SST—
were chosen for further analysis.

Assessment of bub genes in the TCGA and Oncomine database

To assess the roles of the ten hub genes in GC, we validated
the gene expression using both the TCGA and Oncomine
databases. CXCLS8 was the only gene that was up-regulated
in tumor tissues in both the TCGA and Oncomine
databases. In the comparison analysis, the mRNA levels of
CXCL8 were also up-regulated in multiple cancer types
(Figure 4) and in cancer tissues from different cohorts
of patients with GC (Figure 5) compared to controls. In
addition, we analyzed genes that potentially correlated with
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CXCLS in the GC data in the Oncomine database. Twenty
genes—AREG, HBEGF, IL6, IL1B, PTGS2, KLF6, FOS,
FOSB, MAP3KB, ETS2, FOSL2, LIF, PIM1, OSM, ILIRN,
CSF3, WEE1, CTGF, SERPINE1, and MLFI—correlated
with CXCLS8 in GC (Figure 6).

Higher expression of CXCLS8 in GC tissues predicts worse
survival

We further validated CXCLS8 protein expression in clinical
samples from the tumor tissues of GC patients. As shown
in Figure 7, IHC analysis suggested medium expression of
both cytoplasmic and membranous CXCLS8 in GC tissues.
To reveal the clinical prognostic significance of CXCLS8
expression, we used the Kaplan plot univariate and Cox
multivariate survival analyses to verify the correlation
between CXCL8 mRNA levels and clinicopathological
parameters in GC patients. The patients with lower CXCL8
mRNA levels in the tumor tissues displayed significantly
(P<0.001) prolonged relapse-free survival (RFS) compared
to the patients with higher CXCL8 mRNA levels in tumor
tissues (Figure 8). Therefore, CXCLS is a potential biomarker
for predicting disease progress and prognosis in GC.

Discussion

There are more than ten immunohistochemical markers
that can be used to clinically diagnose GC and predict the
prognosis of GC patients. However, markers with high
specificity and sensitivity are still lacking (20). In this study,
we conducted integrated bioinformatics analysis of gene
expression datasets in GC and control samples using the
TCGA and Oncomine databases, and screened hub genes
that might be involved in GC pathogenesis. We found
that CXCL8 mRNA levels were increased in GC tissues
compared to normal gastric tissues, and that GC patients
with higher CXCL8 tumor expression had significantly
shortened RES. Thus, we conclude that CXCLS is a potential
novel biomarker that could be used for the early diagnosis of
GC and prognosis prediction of patients with GC.

CXCLS8 can contribute to the tumorigenesis and
pathogenesis of GC in many aspects. CXCLS8 is
predominantly secreted by macrophages and contributes to
the immunosuppressive microenvironment by inducing PD-
L1" macrophages in GC (10). Consistent with our conclusion,
CXCLS inhibitors have been reported to promote an anti-
tumor response, providing potential therapeutic effects
for patients with GC (10). In addition, CXCL8 derived
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Figure 1 Identification of the DEGs between GC and healthy control samples. (A,B) Gene expression profiling was performed in the
TCGA database-derived 375 GC tissues and 32 normal gastric tissues: (A) a hierarchical clustering heatmap of the DEGs screened on
the basis of IFCI >2.0 and a corrected P value <0.05. Red indicates that expression of the indicated gene is relatively up-regulated; green
indicates that expression of the indicated gene is relatively down-regulated; black indicates no significant changes in gene expression; gray
indicates that the signal strength of the indicated gene is not strong enough to be detected; (B) DEG data between two sets of samples.
The red points represent up-regulated genes defined on the basis of IFCI >2.0 and a corrected P value <0.05. The green points represent
down-regulated genes defined on the basis of IFC| >2.0 and a corrected P value <0.05. The black points represent genes with no significant
difference in expression levels. DEG, differentially expressed gene; GC, gastric cancer; FC, fold change.
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Figure 2 GO and KEGG analysis of the DEGs in GC. (A) The top 5 significantly enriched terms using GO enrichment analysis of the
DEGs in GC; (B) the top 10 significantly enriched pathways using KEGG pathway analysis of the DEGs in GC. GO, gene ontology;

KEGG, Kyoto Encyclopedia of Genes and Genomes; DEG, differentially expressed gene; GC, gastric cancer.
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Figure 4 The mRNA levels of CXCLS8 in different tumor types. This graphic shows the numbers of datasets with statistically significant

mRNA over-expression (red) or down-regulation (blue) of the target gene (cancer vs. normal tissue). The P value threshold is 0.01. The

number in each cell represents the number of analyses that meet the threshold within those analyses and cancer types. The gene rank was

analyzed by calculating the percentile of target genes in the top of all genes measured in each study. Cell color is determined by the best

gene rank percentile for the analyses within the cell.

from tumors can activate endothelial cells in tumor vessels,
promote angiogenesis, and induce neutrophil chemotaxis to
allow immune cell infiltration into the tumor site (21,22).
Therefore, CXCL8 can both promote the invasion and
migration of cancer cells and induce macrophages to secrete
additional growth factors, both of which further increase the
proliferation and invasion rate of cancer cells. Therefore,
inhibition of CXCLS8 in the tumor microenvironment has
significant potential for tumor treatment (23).

CXCLS is a potential biomarker for predicting tumor
progression in other malignancies. For example, CXCL8
is continuously expressed in melanoma and is up-regulated
in melanoma cells with high metastasis potential (24). In
breast cancer, CXCLS8 has been identified as a key factor
involved in metastasis (25). In human ovarian cancer cell
lines with high metastasis, CXCLS8 expression was higher

© Translational Cancer Research. All rights reserved.

than that of parental cell lines (26). One study demonstrated
that the proliferation rate of ovarian cancer epithelial cell
lines with high expression of CXCLS8 was significantly faster
compared to cell lines with low CXCL8 expression (26).
Furthermore, the expression level of CXCLS8 in the PC-
3M-LN#4 cell line with high metastasis capability was
significantly higher compared to the PC-3P cell line with
low metastasis capability. Overexpression of CXCL8 could
significantly promote the tumorigenicity, metastasis, and
angiogenesis of PC-3P cells in nude mice (27). Taken
together, these studies indicate a pervasive role of CXCL8
in promoting tumorigenesis, metastasis, and tumor survival.

This study has some limitations. First, the TCGA
and Oncomine databases provide data at the RNA level,
which may not accurately reflect protein expression
demonstrated by traditionally pathological IHC. Therefore,

Transl Cancer Res 2020;9(2):1053-1062 | http://dx.doi.org/10.21037/tcr.2019.12.52
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Figure 5 Analyses on the mRNA levels of CXCL8 in Oncomine database-derived GC and control samples. Box plots derived from gene

expression data in the Oncomine database compare the expression of CXCL8 mRNA in normal and GC tissues from different cohorts. The

P value was set at 0.01 and fold change was defined as 2. GC, gastric cancer.
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Figure 6 Correlation analysis of CXCL8 gene expression in Oncomine database-derived GC samples. The name of CXCL8 correlated

genes and the correlation index are shown. GC, gastric cancer.
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Figure 7 The protein level of the selected hub gene, CXCLS, in gastric tissues from The Human Protein Atlas. Representative images show

the immunohistochemistry analysis for CXCLS8 protein expression in gastric tissues. Data were down-loaded from The Human Protein
Atlas (https://www.proteinatlas.org/ENSG00000169429-CXCL8/tissue/stomach).
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Figure 8 Higher mRINA levels of CXCLS8 in GC tissues predicts

worse survival in GC patients. Based on the mRNA levels of

o

CXCLS8 in GC tissues, patients with GC were categorized into
two groups: CXCL8-high (n=261) and CXCL8-low (n=261). Low
mRNA levels of CXCL8 were associated with longer relapse-free
survival (RFS) in all patients with GC. GC, gastric cancer.

the bioinformatics data shown in this study cannot fully
represent the actual protein expression of CXCLS8. The
clinical value of CXCLS8 in GC should be analyzed using
IHC in future studies. Secondly, this study mainly excavates
the related data and analysis based on the information
provided by online databases; thus, our conclusion needs to
be further validated using relevant, actual clinical research
results. Despite these limitations, we believe our work
provides complementary evidence on the potential use

© Translational Cancer Research. All rights reserved.

of CXCLS8 for diagnosis and prognosis prediction of GC
patients, as well as targeting CXCLS8 for GC therapy.
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