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Background: Gastric cancer (GC) is among the most prevalent cancers globally. As such,
there is a need to explore the mechanism underlying its pathogenesis and identify potential
biomarkers for its prognosis.

Methods: ONCOMINE was used to screen differentially expressed genes between GC and
normal gastric mucosa. GEPIA was used to analyze the expression and correlation of
candidate genes in tumor node metastasis (TNM) stage. STRING was used to construct
protein interaction network. Kaplan—Meier plotter was used to analyze survival. TIMER was
used to evaluate the association between candidate genes and immune cell infiltration.
Results: From the ONCOMINE database, we found COL1A1, COL1A2, COL6A3, and
SULF1 genes were significantly upregulated in stomach adenocarcinomas. There was
a considerable correlation between the expression of COL1A1 (p = 0.029), COL1A2 (p =
0.004), COL6A3 (p = 0.002), SULF1 (p = 0.001), and the TNM stage. COL1A1 was
positively correlated with ERBB2 (R = —0.037, p = 0.46), while the other three genes
were negatively correlated with ERBB2 (p > 0.05). The Kaplan—Meier plotter showed that
low transcriptional levels of COL1A1 (p = 0.0020), COL1A2 (p = 0.0015), COL6A3 (p =
0.0015), and SULF1 (p = 0.0016) in gastric cancer patients were remarkably related to longer
overall survival. In addition, there was a close relationship between chemokine expression
and infiltration of the six immune cell types: B cells, macrophages, CD4+ T cells, CD8+
T cells, dendritic cells, and neutrophils, implying that the genes acted as indicators of both
prognosis and immune status.

Conclusion: Our findings implicate COL1A1, COL1A2, COL6A3, and SULF1 as candidate
biomarkers for the prognosis of gastric cancer.
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Introduction

Gastric cancer (GC) is among the most prevalent cancers worldwide. The highest
gastric cancer incidence rates occur in East Asia, South and Central America, and
Eastern Europe.' Rates of GC are exceptionally high in Japan and Korea, where it is
the most common cancer in men, and in China, where it is the most common cause
of cancer-associated death.” Globally, there were about 1.03 million cases of GC,
which led to the deaths of over 780,000 people in 2018, indicating that the disease
is the fifth most prevalent and the third most common cause of cancer-associated
deaths worldwide.>* According to their anatomic location and histologic type, over
95% of GC are categorized as adenocarcinomas.’
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The main reason for the short overall survival (OS) and
poor prognosis of gastric cancer patients is that the
patients can not be diagnosed early. Advanced gastric
cancer patients still account for a large proportion.
Nowadays, various progressive treatment methods can
not bring good curative effect for patients with advanced
gastric cancer. Early diagnosis is still the primary and
extremely important means to reduce the mortality of
gastric cancer patients. So far, the diagnosis of gastric
cancer in the world mainly depends on the pathological
biopsy of gastroscope, but it is very difficult to carry out
large-scale pathological biopsy. In addition, patients with
gastric cancer have no specific clinical symptoms, espe-
cially early gastric cancer, which is easy to miss
diagnosis.® The lack of sensitive and specific predictive
factors for gastric cancer diagnosis is the fundamental
reason why gastric cancer patients can not be diagnosed
early. Therefore, it is very important to find high specifi-
city and sensitivity biomarkers for early diagnosis and
prognosis of gastric cancer.’

Bioinformatics analysis, which can screen out the key
genes related to diseases, has been widely used in clinical
disease research.*’ How to further analyze the existing
data resources with bioinformatics has become a research
hotspot in cancer and bioinformatics. Herein, we
employed many open databases to analyze the expression
of COL1A1, COL1A2, COL6A3, and SULF1 in gastric
cancer and assess their potential application as prognostic
markers and therapeutic targets. Our results provide theo-
retical basis for further study of the molecular mechanism
of gastric cancer and its diagnosis and prognosis.

Materials and Methods
ONCOMINE

We obtained the microarrays data from the ONCOMINE
database (www.oncomine.org) and identified five datasets
involving COL1A1, COL1A2, COL6A3, and SULF1 after
using the following filters: (a) analysis type: differential

analysis—cancer versus normal analysis; (b) cancer type:
gastric cancer—diffuse gastric adenocarcinoma. The rank
for a gene is the median rank for the genes across each of
the analyses. The p-value given for a gene is for the median-
ranked analysis. The parameter was set to the default value.

GEPIA
GEPIA (http://gepia2.cancer-pku.cn/index.html) is an ana-

lysis tool that uses RNA sequence data. A differential

mRNA expression analysis involving the tumor node
metastasis (TNM) stage and ERBB2 correlative analysis
of COL1A1, COL1A2, COL6A3, and SULF1 was per-
formed. The p-value, which was set at 0.05, was generated
by Student’s #-test for TNM stage analysis.

STRING
STRING (http://string-db.org) is used to acquire, score, and
integrate protein-protein interaction (PPI) data from open

data sources. In addition, it can be used to predict the poten-
tial functions of the identified genes. Here, STRING was
employed to perform PPI network analysis on differentially
expressed COL1A1, COL1A2, COL6A3, and SULF1 genes
to examine their interactions. The interaction score was set to
be > 0.5 and the node degree was set to be > 10. The protein
interaction data were obtained and exported, and the data
were analyzed and visualized by Cytoscape tool.

Kaplan—Meier Plotter

The effect of the key genes screened in this study on the
overall survival (OS) of patients with gastric cancer was
analyzed by Kaplan—Meier plotter (http://kmplot.com/ana

lysis/). The patient samples were divided into high expres-
sion and low expression groups by medium expression,
and evaluated by Kaplan Meier survival map, At the same
time, the 95% confidence interval of hazard ratio (HR) and
the significant difference value (log rank P) based on time
series test (log rank test) were displayed.

TIMER

TIMER (http://cistrome.shinyapps.io/timer) can be used to

systematically evaluate the infiltration of various immune
cells, including their clinical significance. The association
between COL1A1, COL1A2, COL6A3, SULFI gene
levels, and immune cell infiltration was assessed using
the “Gene module.” Meanwhile, the relationship between
clinical outcomes and immune cell infiltration, as well as
COL1A1, COL1A2, COL6A3, and SULF1 gene expres-
sion, was evaluated by the “Survival module.” The inspec-
tion level was based on a=0.05.

Results

To retrieve significantly upregulated genes in GC, we
subsequently selected five datasets comparing all genes
performed by the ONCOMINE online tool. Five indepen-
dent microarray datasets were chosen to identify genes
linked to gastric cancer pathogenesis (Figure 1). Among

these five datasets, datasets 1 and 2 were from Chen et al,'”
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and datasets 3, 4 and 5 were from Cho et al.,'! Cui et al'?
and Wang et al,'® respectively. All datasets were from
public databases and did not involve interest disputes,
and relevant research were approved by ethical review.
Among the 20 genes that were overexpressed in gastric
cancer according to the five independent microarray data-
sets, four genes (COL1Al, COL1A2, COL6A3, and
SULF1) were stably and consistently upregulated.

The relationship between the expression of differentially
expressed COL1A1, COL1A2, COL6A3, and SULF1 genes
and the TNM stage of gastric cancer patients is a significant
correlation between the expression of COL1A1 (p = 0.029),
COL1A2 (p = 0.004), COL6A3 (p = 0.002), SULFI1 (p =
0.001), and the TNM stage (Figure 2). The upregulation of
COL1A1, COL1A2, COL6A3, and SULF1 was consistent
with tumor progression. These data suggest that the

Comparison of All Genes Across 5 Analyses
Over-expression

Median Rank p-Value Gene
8.0 1.02E-12 CST1
9.0 1.89E-12

18.0 3.46E-21 THY1
18.0 2.38E-11 BGN
26.0 1.39E-9
27.0 1.38E-10 TTYH3
32.0 1.96E-6 SPARC
325 3.28E-9 SERPINH1
34.0 2.41E-6 COL3Al
36.0 4.40E-19 COL6A3
37.0 4.58E-10 COL1Al
39.0 5.07E-10 SPP1
40.0 3.66E-6 RAB31
42.0 3.83E-6 TIMP1
46.0 5.69E-10 KIAAL1199
47.0 5.07E-6 VCAN
50.0 6.44E-10 SPON2
52.0 5.67E-6 COL4Al
58.0 9.46E-18 CDH11
61.0 1.81E-9 COL8AlL
Legend

1. Diffuse Gastric Adenocarcinoma vs. Normal 4. Gastric Cancer vs. Normal

Chen Gastric, Mol Biol Cell, 2003

Cui Gastric, Nucleic Acids Res, 2011

2. Gastric Intestinal Type Adenocarcinoma vs. 5. Gastric Cancer vs. Normal

Normal
Chen Gastric, Mol Biol Cell, 2003

Wang Gastric, Med Oncol, 2010

3. Diffuse Gastric Adenocarcinoma vs. Normal

Cho Gastric, Clin Cancer Res, 2011

10 25 25 10 5 1

1 5
!.ED - D[:].! DNotmeasured

The rank for a gene is the median rank for that gene across each of the analyses.

The p-Value for a gene is its p-Value for the m

Figure | The top 20 genes upregulated in microarrays. COLIAI, COLIA2, COL6A3, and SULFI mRNA were statistically significantly overexpressed in Chen Gastric,'

an-ranked analysis.

]

Cho Gastric,'' Cui Gastric,'? and Wang Gastric'? datasets from the ONCOMINE database. Genes with red had significant and consistent overexpression in the five studies.
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COL1A1,COL1A2, COL6A3, and SULF1 genes could play
a crucial function in GC progression.

HER-2 positive is vital in GC. In addition, Pearson cor-
relation analyses between EBRR2 and COL1A1, COL1A2,
COL6A3, and SULF1 were presented (Figure 3). Results
revealed that COLIA1 was positively correlated with
ERBB2 (R = -0.037, p = 0.46), while the other three genes
were negatively correlated with ERBB2 (p > 0.05).

From the PPI network analysis, we explored the potential
interactions among them (Figure 4). COL1A1, COL1A2,
and COL6A3 were in the same family of proteins, while
SULF1 was bridging through the COL3A1 protein.

Kaplan—Meier plotter was utilized to assess the asso-
ciation between differentially expressed and clinical out-
comes to assess the significance of differentially expressed

COL1Al
F value = 3.04
< Pr(>F) = 0.0292
(‘:l - ™
o
© -
© -
T T T T
Stage | Stage Il Stage IlI Stage IV
COL6A3
F value = 5.03
o | Pr(>F) = 0.00198
o -
© -
N L
~ -
T T T T
Stage | Stage Il Stage IlI Stage IV

COL1A1, COL1A2, COL6A3, and SULF1 in GC progres-
sion. Overall survival curves are presented in Figure 5.
Low transcriptional levels of COL1Al (p = 0.0020),
COL1A2 (p = 0.0015), COL6A3 (p = 0.0015), and
SULF1 (p = 0.0016) in gastric cancer patients were
strongly linked to longer overall survival.

The four genes participate in inflammatory responses
and infiltration of immune cells, thereby influencing clin-
ical outcome of gastric cancer (Figure 6). We examined
the relationship between differentially expressed
COLI1AIL, COL1A2, COL6A3, SULF1, and immune cell
infiltration using the TIMER database. An inverse asso-
ciation between COL1A1 expression, B cell infiltration
(Cor = —0.214, p = 3.50e-05) and CD8+ T cells (Cor =
0.072, p = 1.65e-01) was observed. On the contrary,

COL1A2

14
|

F value = 4.59
Pr(>F) = 0.00359

004

12
l

10

<t —
T T T T
Stage | Stage Il Stage IlI Stage |V
SULF1
= F value = 5.79
= = Pr(>F) = 0.000709
© -
o =
< =
N_ L/
T T T T
Stage | Stage Il Stage IlI Stage IV

Figure 2 Correlation between different expressed COLIAI, COLIA2, COL6A3, and SULFI chemokines, and the tumor node metastasis (TNM) stage of gastric cancer

patients (GEPIA2) p < 0.05.
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Figure 3 Pearson correlation analyses between ERBB2 and COLIAI, COLIA2, COL6A3, and SULFI genes.
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Figure 4 Protein-protein interaction network of different expressions of COLIAI, COLIA2, COL6A3, and SULFI genes. (A) related to COLIAI; (B) related to COL6A3;

(C) related to SULFI genes.
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Figure 5 The prognostic value of different expressed COLIAI, COLIA2, COL6A3, and SULFI chemokines in gastric cancer patients in the overall survival curve (Kaplan—

Meier plotter).

COLI1A1 expression was positively related to CD4+
T cell infiltration (Cor = 0.14, p = 7.30e-03), macro-
phages (Cor = 0.357, p = 1.41e-12), neutrophils (Cor =
0.218, p =2.32¢-05), and dendritic cells (Cor = 0.297,p =
5.21e-09). Similarly, the expression of COL1A2 was
inversely related to B cell infiltration (Cor = —0.185,
p = 3.42¢-04) and CD8+ T cells (Cor = 0.113, p =
2.98e-02) and positively associated with the infiltration
of CD4+ T cells (Cor = 0.163, p = 1.81e-03),

macrophages (Cor = 0.47, p = 1.0le-21), neutrophils
(Cor = 0.268, p = 1.57¢-07), and dendritic cells (Cor =
0.353, p = 2.46e-12). There was a negative correlation
between COL6A3 (Cor = 0.094, p = 7.10e-02) and
SULF1 (Cor = —0.208, p = 5.7¢-05) expression and the
infiltration of B cells, and a direct correlation between
COL6A3 and SULF1 expression and the infiltration of
CD8+ T cells, CD4+ T cells, macrophages, dendritic
cells, and neutrophils (p < 0.05).
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Figure 6 The correlation between different expressions of COLIAI, COLIA2, COL6A3, and SULFI chemokines and immune cell infiltration (TIMER).

Discussion

Given that there was a significant differential expres-
sion of several genes in gastric cancer, selecting the
genes with high significance was crucial. According to
Jun,'* COL1A1 mRNA levels were overtly abnormal in
cancer and precancer tissues relative to normal tissues.
On the other hand, the levels of COL1A2 mRNA were
substantially higher in cancer tissues relative to pre-
cancer normal tissues. Also, COL1A2 expression had
a direct association with tumor size and invasion depth.
Thus, the upregulation of COL1A1 and COL1A2 were
linked to lower OS. A study revealed that collagen type
VI a3 chain (COL6A3) expression is fibroblast-specific

1
Keun'®

and has been implicated in stromal cancer.'’
reported that in GC, the upregulation of SULF1 was
strongly linked to higher recurrence rates (p = 0.0002)
and, therefore, worse OS (p < 0.0001). Based on multi-
variate analysis, SULF1 was identified as an indepen-
0.0123) and a predictive

0.0003) in GC

dent prognostic factor (p =
factor for lymph node metastasis (p =
patients.

Thus far, the TNM staging classification is primarily
used for the prognosis of GC patients.'” In this study, we
found that the expression of COL1Al, COLIA2,
COL6A3, and SULF1 genes was significantly correlated
with TNM stage of gastric cancer patients. The results
COL1A1, COL1A2, COL6A3,
SULF1 genes may play a crucial function in GC progres-

suggested that and
sion. Kaplan—Meier plotter showed gastric cancer patients
with low transcriptional levels of COL1Al, COLIA2,
COL6A3, and SULF1 were strongly linked to longer OS.
Therefore, we believed that COL1A1, COL1A2, COL6A3,
and SULF1 genes have the potential to be biomarkers for
predicting the overall survival of gastric cancer.

HER-2 is an essential biomarker in gastric cancer. The
proportion of GC patients who are HER2 positive ranges
from 12 to 23%. Some studies suggest that HER2 positive
is an independent prognosis.'® We used person analysis to
seek the correlation between COL1A1, COLI1A2,
COL6A3, SULF1 genes and HER2. Results showed that
COL1A1 was positively correlated with ERBB, while the
other three genes in each gene were negatively correlated
with ERBB. This revealed that the expression of these four
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genes were related to the biological development mechan-
ism of HER-2, whose specific mechanism need further
experimental research. This also suggested that COL1A1,
COL1A2, COL6A3, and SULF1 genes had the potential to
be a biomarker for predicting HER-2 positive GC.

COL1A1, COL1A2, and COL6A3 are family proteins.
Target gene interaction maps predicted by the STRING
database showed SULF1 linkage by COL3Al. More
experiments may be needed to verify the upstream and
downstream signal pathways.

Compared with previous studies,'®** we also found
COL1A1, COL1A2, COL6A3, and SULF1 genes partici-
pated in inflammatory responses and infiltration of
immune cells. According to our results, there was
a strong association in chemokine expression versus the
infiltration of the following types of immune cells: B cells,
CD4+ T cells, CD8+ T cells, macrophages, dendritic cells,
and neutrophils, suggesting that these genes might serve as
indicators of prognosis, as well as immune status.

This study had some shortcomings. In addition, we
need more clinical data, such as age, sex, tumor size,
lymph node, Lauren subtypes, and EBV status. Tumor
Epstein—Barr virus (EBV) status is increasingly becoming
a biomarker of choice for personalized treatment
approaches in gastric cancer. An estimated 8-10% of
gastric cancers are associated with EBV infection, making
EBV-positive gastric cancer the largest group of EBV-

2122 1 future

associated malignancies. experiments,
exploring the correlation between EBV and those four
genes in gastric cancer may be needed.

In conclusion, these findings may offer new insights
into the development of new immune-therapeutic drugs
against gastric cancer. Our results may also assist in iden-
tifying potential biomarkers for the timely diagnosis and

prognosis of gastric cancer.

Conclusion

In this study, we found COL1A1, COL1A2, COL6A3, and
SULF1 genes were significantly upregulated in stomach
adenocarcinomas and related to the TNM stage, closely
related to overall survival, and participated in inflamma-
tory responses and infiltration of immune cells. These
findings revealed that COL1A1, COL1A2, COL6A3, and
SULF1 can be used as a candidate biomarker for the
prognosis of gastric cancer.
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