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Abstract
Background

Gastric cancer (GC) is not only listed as the third leading cause of cancer death, but is also ranked as the
�fth most common cancer. The aims of the present study were to �nd the potential hub genes and
uncover the possible molecular mechanisms of gastric cancer.

Methods

The gene expression pro�les (GSE29272, GSE54129, GSE13911, GSE79973, GSE19826) were gained
from the Gene Expression Omnibus (GEO) database. Then, we �ltered out the differentially expressed
genes (DEGs) online by GEO2R. According to Database for Annotation, Visualization and Integrated
Discovery program (DAVID), functional and pathway enrichment analyses were ful�lled. Based on the
Search Tool for the Retrieval of Interacting Genes/Proteins database (STRING) database and Cytoscape
software, protein protein interaction (PPI) network were conducted and visualized. Following, the hub
genes were selected by the CytoHubba plugin and analyzed using The Cancer Genome Atlas (TCGA)
databases.

Results

A total of 105 co-regulated DEGs were extracted, containing 57 downregulated genes and 48 upregulated
genes. The enrichment analysis indicated that they were remarkably enriched in various cancer-related
functions and pathways. Eight genes (BGN, SPARC, COL5A2, COL5A1, COL1A2, COL4A1, COL6A3 and
COL11A1) were recognized as hub genes in Cytoscape. These hub genes were the same as those in GC in
the TCGA database. The survival analysis of COL5A2 and COL4A1 implied that worse survival status is
caused by high expression levels in GC patients.

Conclusion

Our results showed that BGN, SPARC, COL5A2, COL5A1, COL1A2, COL4A1, COL6A3 and COL11A1 genes
might be served as potential targets to improve diagnosis and immunotherapy biomarkers for GC.

Background
Of the worldwide population of patients with cancer, gastric cancer (GC) is not only listed as the third
leading cause of cancer death, but is also ranked as the �fth most common cancer [1]. The most
common tumor in the upper digestive tract is gastric cancer [1]. Although progress has been made in
biopsy diagnosis and surgical treatment, most cases of gastric cancer are diagnosed as advanced and
have a poor prognosis [2]. Moreover, the long-term survival rate of GC is still very dismal [3, 4]. Therefore,
illumination of the molecular mechanisms is urgently needed to ameliorate the value of effective
diagnosis and prognostic assessment for GC.
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During the last decades, gene analysis using the high-throughput platforms has been extensively used to
mine some potentially critical biomarkers for cancer diagnosis, prognostic assessment and new
therapeutic target [5]. However, false-positive rates in a single expression pro�le analysis make it di�cult
to gain persuasive results.

Hence, in the present study, �rstly, we downloaded and analyzed the gene expression pro�les (GSE29272,
GSE54129, GSE13911, GSE79973, GSE19826) between human GC and non-cancer tissues and obtained
differentially expressed genes (DEGs) from the Gene Expression Omnibus (GEO) database. Secondly,
functional and pathway enrichment analyses were further discussed. Screening potential hub genes
through Cytoscape. Lastly, the expression of mRNA level of BGN, SPARC, COL5A2, COL5A1, COL1A2,
COL4A1, COL6A3 and COL11A1 was obtained from the GEPIA databases, the prognostic roles and
genetic alterations of hub genes were performed. The results of the present study may aid in providing
useful insights into the novel prognostic biomarkers and the promising therapeutic targets for GC
patients.

Results

Identi�cation of differentially expressed genes
The gene expression pro�les (GSE29272, GSE54129, GSE13911, GSE79973 and GSE19826) were
identi�ed in this analysis (Table 1). DEGs (2086 downregulated genes and 1858 upregulated genes in
GSE54129, 2305 downregulated genes and 1001 upregulated genes in GSE13911, 174 downregulated
genes and 176 upregulated genes in GSE29272, 754 downregulated genes and 408 upregulated genes in
GSE19826, 919 downregulated genes and 487 upregulated genes in GSE79973) were screened, adjust P-
value < 0.01 and |logFC|≥1 were considered as statistically signi�cant. When the DEGs were obtained, the
Draw Venn Diagram was used to draw a Venn diagram. 105 genes were preliminarily validated as co-
differentially expressed genes, including 57 downregulated genes and 48 upregulated genes (Fig. 1).

Biological annotation terms
KEGG pathway analysis and GO enrichment analysis were conducted using DAVID. The outcomes of the
GO analysis revealed that the upregulated genes were mainly involved in biological processes (BP), the
major enriched terms were “extracellular matrix organization” and “cell adhesion”; in molecular function
(MF), the major enriched terms were “calcium ion binding” and “extracellular matrix structural
constituent”; in cell component(CC), the major enriched terms were “extracellular exosome”, “extracellular
space” and “extracellular region”. However, the downregulated genes were particularly involved in
biological processes (BP), the major enriched terms were “oxidation-reduction process” and “xenobiotic
metabolic process”; in molecular function (MF), the major enriched terms were “oxidoreductase activity”;
in cell component(CC), the main enriched terms were “extracellular exosome” and “organelle membrane”.
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Moreover, KEGG analysis re�ected that the upregulated DEGs were particularly involved in "focal
adhesion", "PI3K-Akt signaling pathway" and "ECM-receptor interaction"; while the downregulated DEGs
were particularly involved in "Drug metabolism - cytochrome P450" and "Gastric acid secretion" (Table 2).

Table 1
A summary of gastric cancer microarray datasets from different gene expression omnibus datasets

  Series Platform Affymetrix GeneChip Normal
Samples

Cancer
Samples

1 GSE29272 GPL96 Affymetrix Human Genome U133A
Array

134 134

2 GSE54129 GPL570 Affymetrix Human Genome U133 Plus
2.0 Array

21 111

3 GSE13911 GPL570 Affymetrix Human Genome U133 Plus
2.0 Array

31 38

4 GSE79973 GPL570 Affymetrix Human Genome U133 Plus
2.0 Array

10 10

5 GSE19826 GPL570 Affymetrix Human Genome U133 Plus
2.0 Array

15 12
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Table 2
GO and KEGG analysis of differentially expressed genes in gastric cancer.

Category Term FDR P-
Value

Count %

upregulated genes    

BP GO:0030198 ~ extracellular matrix organization 3.56e-
22

2.42e-
25

20 42.55

BP GO:0030574 ~ collagen catabolic process 1.37e-
10

9.32e-
14

10 21.28

BP GO:0007155 ~ cell adhesion 1.70e-
08

1.15e-
11

15 31.91

BP GO:0030199 ~ collagen �bril organization 1.36e-
06

9.18e-
10

7 14.90

BP GO:0001501 ~ skeletal system development 1.25e-
04

8.47e-
08

8 17.02

BP GO:0071230 ~ cellular response to amino acid
stimulus

1.19e-
02

8.06e-
06

5 10.64

BP GO:0016525 ~ negative regulation of
angiogenesis

3.61e-
02

2.45e-
05

5 10.64

CC GO:0031012 ~ extracellular matrix 1.72e-
19

1.54e-
22

20 42.55

CC GO:0005576 ~ extracellular region 9.06e-
17

8.13e-
20

30 63.83

CC GO:0005578 ~ proteinaceous extracellular matrix 1.22e-
13

7.28e-
17

16 34.04

CC GO:0005788 ~ endoplasmic reticulum lumen 1.43e-
09

1.29e-
12

12 25.53

CC GO:0005581 ~ collagen trimer 1.50e-
09

1.35e-
12

10 21.28

CC GO:0005615 ~ extracellular space 2.00e-
08

1.80e-
11

21 44.68

CC GO:0005604 ~ basement membrane 4.97e-
05

4.46e-
08

7 14.90

CC GO:0070062 ~ extracellular exosome 1.27e-
03

1.14e-
06

22 46.81

MF GO:0005201 ~ extracellular matrix structural
constituent

1.30e-
12

1.06e-
15

11 23.40

MF GO:0050840 ~ extracellular matrix binding 7.14e-
06

6.01e-
09

6 12.77
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Category Term FDR P-
Value

Count %

MF GO:0005178 ~ integrin binding 1.09e-
05

9.33e-
09

8 17.02

MF GO:0048407 ~ platelet-derived growth factor
binding

1.53e-
05

1.31e-
08

5 10.64

MF GO:0008201 ~ heparin binding 4.06e-
03

3.46e-
06

7 14.90

MF GO:0005509 ~ calcium ion binding 1.41e-
02

1.20e-
05

11 23.40

MF GO:0005518 ~ collagen binding 2.06e-
02

1.76e-
05

5 10.64

KEGG hsa04512:ECM-receptor interaction 3.30e-
14

3.44e-
17

13 27.66

KEGG hsa04510:Focal adhesion 3.89e-
11

4.05e-
14

14 29.79

KEGG hsa04974:Protein digestion and absorption 1.00e-
08

1.05e-
11

10 21.28

KEGG hsa04151:PI3K-Akt signaling pathway 5.80e-
07

6.04e-
10

13 27.66

KEGG hsa05146:Amoebiasis 2.03e-
06

2.12e-
09

9 19.15

Hyper-methylated down-regulated genes    

BP GO:0055114 ~ oxidation-reduction process 2.57e-
04

1.87e-
07

13 22.81

BP GO:0006805 ~ xenobiotic metabolic process 7.74e-
04

5.71e-
03

6 10.53

BP GO:0006081 ~ cellular aldehyde metabolic
process

1.14e-
03

6.23e-
03

4 7.02

BP GO:0008202 ~ steroid metabolic process 1.26e-
03

1.27e-
02

5 8.77

CC GO:0070062 ~ extracellular exosome 8.84e-
04

8.32e-
07

25 43.86

CC GO:0031090 ~ organelle membrane 7.40e-
03

6.96e-
06

6 10.53

MF GO:0016491 ~ oxidoreductase activity 3.57e-
02

2.96e-
05

7 12.28

KEGG hsa04971:Gastric acid secretion 7.10e-
04

6.92e-
07

7 12.28
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Category Term FDR P-
Value

Count %

KEGG hsa00982:Drug metabolism - cytochrome P450 1.16e-
02

1.13e-
05

6 10.53

PPI network generation and hub genes selection
To gain the protein interactions information for each DEG, the STRING database was applied to generate
a PPI network, which was visualized by Cytoscape. Also, 338 edges and 85 nodes were displayed in the
Cytoscape (Fig. 2). In addition, eight hub genes in the four methods were chosen using CytoHubba plugin
and sequentially ordered as follows: BGN, SPARC, COL5A2, COL5A1, COL1A2, COL4A1, COL6A3 and
COL11A1.

Hub genes analysis and Clinic stage analyses
To determine the clinical signi�cances of BGN, SPARC, COL5A2, COL5A1, COL1A2, COL4A1, COL6A3 and
COL11A1 in patients with GC, we performed data mining and analyzed BGN, SPARC, COL5A2, COL5A1,
COL1A2, COL4A1, COL6A3 and COL11A1 expressions from the publicly available GEPIA database. The
expression of these eight hub genes was found higher in GC specimens than that in normal gastric
specimens (Fig. 3A). Meanwhile, the expression of eight hub genes in GC patients were performed based
on the TNM stage. The expression of seven genes (BGN, SPARC, COL5A2, COL5A1, COL1A2, COL6A3 and
COL11A1) in patients with stage II, III and IV and was higher than that in patients with stage I, which
suggests that these up-regulated hub genes might be positively correlated with tumor progression. The
statuses of the expression of seven genes were the same as in our study, and their p-values < 0.05, except
COL4A1 (p-value = 0.486) (Fig. 3B). Furthermore, the target analysis of TFs in TRRUST database was
used for identi�cation of TFs for hub genes. Three targeted transcription factors were identi�ed. The
outcomes obtained were displayed in Table 3. Among 3 TFs, two TFs, RELA and NFKB1, regulates the
functions of BGN and COL1A2.

Table 3
Result of transcription factors prediction of hub genes obtained from TRRUST

database.

  transcription factor targets Mode of Regulation P value FDR

1 CEBPZ COL11A1 Repression 2.36e-06 7.07e-06

    COL1A2 Unknown 2.36e-06 7.07e-06

2 RELA BGN Activation 6.66e-03 6.75e-03

    COL1A2 Repression 6.66e-03 6.75e-03

3 NFKB1 BGN Activation 6.75e-03 6.75e-03

    COL1A2 Repression 6.75e-03 6.75e-03
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Mining genomic alterations of hub genes by cBioPortal
To accurately assess the genomic alterations of hub targets genes in gastric cancer, eight hub genes
(BGN, SPARC, COL5A2, COL5A1, COL1A2, COL4A1, COL6A3 and COL11A1) was performed through TCGA
Provisional. The outcomes displayed that 202 cases (55%) have alterations in eight genes (Fig. 4A); the
frequency of alteration of eight hub genes in gastric cancer is displayed in Fig. 4B. For COL11A1 (16%),
most alterations were missense mutation and mRNA upregulation, while a few were ampli�cation,
truncating mutation. For COL6A3 (16%), the majority of alterations were missense mutation and mRNA
upregulation, with a small part of ampli�cation and truncating mutation. For COL4A1 (15%), the majority
of alterations were ampli�cation and mRNA upregulation, with a small part of deep deletion and
truncating mutation. For COL1A2 (18%), the majority of alterations were missense mutation,
ampli�cation and mRNA upregulation, with a small part of deep deletion. For COL5A1 (12%), the majority
of alterations were missense mutation, mRNA upregulation, and truncating mutation, with a small part of
deep deletion. For COL5A2 (10%), the majority of alterations were ampli�cation, mRNA upregulation and
missense mutation, with a small part of deep deletion and truncating mutation. Gene changes related to
BGN (9%) were ampli�cation, deep deletion, mRNA upregulation, and changes related to SPARC (5%) were
missense mutation, mRNA upregulation and ampli�cation.

The eight hub genes (BGN, SPARC, COL5A2, COL5A1, COL1A2, COL4A1, COL6A3 and COL11A1) had 28
gene pairs showing concurrent alterations, in which 21 gene pairs were signi�cant (P < 0.05; data not
shown).

Survival analysis in gastric cancer
To evaluate the prognostic value of these eight hub genes, the overall survival (OS) analyses of hub
genes were displayed by GEPIA database. Survival curves according to GEPIA database showed that two
hub genes (COL4A1 and COL5A2) were found to be associated with OS. The survival trend of BGN,
SPARC, COL5A1, COL1A2, COL6A3 and COL11A1 was consistent with the prognosis, but there was no
signi�cant difference (Fig. 5). The analysis of these two genes implied that worse survival status is
caused by high expression levels in GC patients. The investigation carried out by us has revealed that
COL5A2 and COL4A1 were involved in the progression of GC and might be used as a prognostic marker
for GC.

CMap analysis
To �nd small molecular compounds, CMap analysis was predicted. The results obtained were presented
in Table 8. The most signi�cant small molecular compounds were picotamide (enrichment score =
-0.899) and TTNPB (enrichment score = -0.858). The prediction of small molecule drugs aims to develop
potential drugs for GC and make existing drugs fully utilized. However, further researches were needed to
verify the above results.
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Table 4
The list of 7 most signi�cant small molecular compounds provided by

CMAP analysis
CAap name Mean Enrichment P Percent non-null

picotamide -0.719 -0.899 0.00004 100

TTNPB -0.441 -0.858 0.04032 100

spiradoline -0.518 -0.832 0.00145 75

carmustine -0.405 -0.825 0.01076 66

corticosterone -0.458 -0.77 0.00571 75

emetine -0.423 -0.701 0.01671 75

minocycline -0.453 -0.615 0.02313 60

Discussion
Although progress has been made in biopsy diagnosis and surgical treatment, most cases of gastric
cancer are diagnosed as advanced and have a poor prognosis [2]. Identi�cation of favorable prognostic
biomarkers related to GC is a pivotal step for seeking a contributing treatment.

To search for biomarkers for GC prognosis, we selected DEGs in GC tissues based on data available from
public databases. To further understand these DEGs, these DEGs were analyzed for KEGG pathway and
GO function. The outcomes of the GO biological processes displayed that the upregulated genes were
particularly involved in extracellular matrix organization and cell adhesion. Meanwhile, KEGG pathway
indicated that the upregulated DEGs were particularly involved in ECM-receptor interaction, focal
adhesion and PI3K-Akt signaling pathway. Previous studies have reported that extracellular matrix
organization and cell adhesion act a pivotal part in the development or progression of tumours [6–8].
Besides, dysregulation of the ECM-receptor interaction and focal adhesion and PI3K-Akt signaling
pathway also act a pivotal part in cancer development and progression [9–11]. All in all, all theories are
consistent with our �ndings.

The research we have done suggests that the expression of BGN, SPARC, COL5A2, COL5A1, COL1A2,
COL4A1, COL6A3 and COL11A1 were drastically increased in gastric tumour tissues. Many members of
the collagen family have been reported to be involved in tumorigenesis [12]. COL5A2, COL5A1, COL1A2,
COL4A1, COL6A3 and COL11A1 belong to the collagen family. Collagen is the major structural protein of
the extracellular matrix and overexpressed in many cancers [13]. Type V collagen (COL5) is a regulatory
�brocollagen composed of three different chains of COL5A1, COL5A2, and COL5A3 [14]. COL4A1
encodes type IV collagen alpha protein, which is an important component of the basal membrane found
in most connective and embryonic tissues [15, 16]. Evidence indicates that COL4A1 plays a crucial role in
tumor invasion through the induction of tumor budding [17]. COL11A1 has been paid more attention to in
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the process of tumor transformation, containing metastasis, invasion and epithelial mesenchymal
transformation. COL11A1 was remarkably overexpressed in colorectal cancer, ovarian cancer, and
esophageal squamous cell carcinoma [18–20]. The expression of COL1A2 was positively correlated with
the size and depth of invasion of gastric cancer [21]. At the same time, studies have shown that COL1A2
may play an important role in the invasion, metastasis and proliferation of pancreatic cancer [22].
COL6A3 is a ubiquitous extracellular matrix protein. Type VI collagen plays an important role in affecting
metabolic levels, inhibiting apoptosis and oxidative damage, promoting cell growth. It has been reported
that COL6A3 was remarkably overexpressed in colorectal cancer [23]. SPARC could bind to �brous
collagens I, III, V and IV [24]. BGN is a proteoglycan of the extracellular matrix. Evidence suggested that
BGN is highly expressed in gastrointestinal tumors [25]. There are also reported that in some cancers,
BGN up-regulation was associated with poor prognosis, advanced and metastatic cancer [26, 27].

Next, we used cBioportal to further explore the genomic alterations of hub genes in gastric cancer. In
gastric cancer, most of the alterations of BGN, SPARC, COL5A2, COL5A1, COL1A2, COL4A1, COL6A3 and
COL11A1 are ampli�cation and mRNA upregulation, which may result in the upregulation of their
expression correlated with the occurrence in gastric cancer.

In this study, we identi�ed several small molecular drugs, which might improve GC. Picotamide is an
antiplatelet drug that inhibits both TxA2 synthase and thromboxane A2 (TxA2) receptors. It may be
potentially useful in various clinical settings characterized by atherosclerotic disease [28]. TTNPB is a
retinoic acid receptor agonist, and is a very potent agent in carcinoprevention and carcinotherapy [29].
However, it has not been reported that small molecular compounds have the function of reversing gastric
cancer. These small molecular compounds could be studied as new targets for the treatment of gastric
cancer.

In this study, DEGs in GC were comprehensively analyzed by combining bioinformatics analysis. However,
the present study presented limitations. First, in the present study, the experimental validation of these
genes in GC is lacking. Second, a larger sample size is required to increase the credibility of the �ndings.
Future studies should require many experiments and samples to verify our results.

Conclusion
In summary, this study was applied to identify 195 DEGs and select eight hub genes in GC, these genes
may be related to the tumorigenesis or progression of GC. We hypothesized that our results can support
potential targets and novel drugs for the treatment of GC. However, further large-scale experimental
researches are needed to verify our �ndings.

Materials And Methods

Data source



Page 11/19

The gene expression pro�les (GSE29272, GSE54129, GSE13911, GSE79973 and GSE19826) were gained
from the GEO (https://www.ncbi.nlm.nih.gov/geo/). The GSE54129 contained 132 samples, providing
111 GC sample tissues and 21 normal gastric sample tissues. The GSE29272 contained 268 samples,
including 134 GC sample tissues and 134 normal gastric sample tissues. The GSE13911 provided 69
samples, including 38 GC sample tissues and 31 normal gastric sample tissues. The GSE79973
contained 20 samples, including 10 GC sample tissues and 10 normal gastric sample tissues. The
GSE19826 included 27 samples, containing 12 GC sample tissues and 15 normal gastric sample tissues.

Data preprocessing and analyzing
We analysed the DEGs online using GEO2R (https://www.ncbi.nlm.nih.gov/geo/geo2r). The threshold for
the DEGs was de�ned as |logFC|≥1 and adjust P-value < 0.05. Venn diagram was performed to determine
the intersection part using Draw Venn Diagram (https://bioinformatiocs.psb.ugent.be/webtools/Venn/).

Biological annotation terms
GO analysis was conducted to uncover the biological functions of the DEGs. Based on the KEGG
database, biological pathway enrichment analysis was performed. In addition, Database for Annotation,
Visualization and Integrated Discovery (DAVID) (https://david.ncifcrf.gov/) was applied to perform KEGG
pathway enrichment analysis and GO analysis [30]. A false discovery rate (FDR) of < 0.05 was de�ned
signi�cant.

Protein-protein interaction network generation and hub
genes selection
DEGs were imported into STRING online database (https://string-db.org/) [31]. An interaction with a
combined score > 0.4 was chosen as the threshold.. PPI network of DEGs was analyzed via STRING and
then the results were downloaded in table TSV format data. The results were visualized by Cytoscape
v3.7.1 software, which was used to construct a protein-interaction relationship. Based on four ranked
methods in cytoHubba, providing MNC, DMNC, MCC and EPC, hub genes were determined through
overlapping the top 15 genes.

Hub genes analysis
To investigate the expression status of hub genes in GC, the Gene Expression Pro�ling interactive
analysis (GEPIA, http://gepia.cancer-pku.cn) database was utilized for analysis [32]. The Transcriptional
Regulatory Relationships Unraveled (TRRUST, http://www.grnpedia.org/trrust/) database is based on the
existing literature to display the relationships between genes and TFs [33]. According to TRRUST, the TFs
in hub genes were predicted. p < 0.005 were chosen as the threshold.

Genetic alterations of hub genes and survival analysis
The cBioPortal (www.cbioportal.org) is an integrated data mining database that provides visualization,
analysis, and download of large-scale cancer genomics data sets [34]. The relevant information gained is
related to the clinical outcomes, which helps to uncover the new connection. To further explore the

https://www.ncbi.nlm.nih.gov/geo/
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validity of this link, cBioportal was used to explore the genetic alteration of hub genes in gastric cancer. In
order to assess the prognostic value of hub genes, the overall survival (OS) was used to analyze the hub
genes by GEPIA (http://gepia.cancer-pku.cn) database.

CMap analysis
The Connectivity Map (CMap; https://portals.broadinstitute.org/cmap) is a comprehensive and publicly
available resource that links drugs, genes and disease through opposite or similar genes. CMAP database
was utilized to predict the small molecular compounds that may reverse altered expression of co-
regulated DEGs. P < 0.05 and Mean < − 0.4 were considered as the threshold criteria. An up-regulated
genes and a down-regulated genes were uploaded to CMap database, we gained small molecules with
enrichment scores ranging from − 1 to + 1. Positive connectivity score (closer to + 1) suggested that a
small molecule may induce GC gene expression, whereas negative connectivity score (closer to -1)
suggested the similarity between small molecules and genes, which would reverse the status of GC. The
outcomes were ranked by enrichment value.
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Figures

Figure 1

Selection of overlapping differentially expressed genes (DEGs). Statistically signi�cant DEGs were
acknowledged with adjust p-value<0.05 and |logFC|≥1 as the cut-off standard for each data set. The
Venn diagram displayed an overlap of 287 genes. (A) A total of 57 shared downregulated genes were
displayed. (B) A total of shared 48 upregulated genes were displayed.
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Figure 2

The outcomes of PPI network were visualized by Cytoscape software. Red color represents upregulated
genes; green color represents downregulated genes.
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Figure 3

The expression of hub genes in GEPIA database. (A) BGN, SPARC, COL5A2, COL5A1, COL1A2, COL4A1,
COL6A3 and COL11A1 were overexpressed in gastric cancer tissues compared with normal tissues. (B)
The expression of BGN, SPARC, COL5A2, COL5A1, COL1A2, COL6A3 and COL11A1 in patients with stage
II, III and IV and was higher than that in patients with stage I. COL4A1 were not statistically signi�cant.
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Figure 4

Mining genomic alterations of hub genes in gastric cancer using cBioPortal. (A) Overview of changes in
BGN, SPARC, COL5A2, COL5A1, COL1A2, COL4A1, COL6A3 and COL11A1 genes in genomic database
across a set of gastric cancer samples. (B) Alteration frequencies of seven genes (BGN, SPARC, COL5A2,
COL5A1, COL1A2, COL4A1, COL6A3 and COL11A1) in cBio cancer genomics portal.
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Figure 5

Survival analysis of hub genes in gastric cancer.


