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Introduction: Hub genes related to the development of gastric cancer (GC) were identified based on bioinformatics methods. This 
study aimed to identify GC hub genes, explore the expression of genes in GC and their correlation with prognosis, so as to provide 
strategies for GC diagnosis and targeted therapy.
Methods: Two messenger RNA (mRNA) microarray datasets were downloaded from GEO database. These data were combined with 
TCGA database to obtain common DEGs between GC tissues and normal tissues. GO and KEGG pathway enrichment analysis was 
performed. Visualized PPI network analysis was performed by Cytoscape to further identify hub genes. GEPIA database was used to 
evaluate the prognostic value of hub genes. The online software Ualcan was applied to analyze the expression of the prognosis-related genes 
in cancer tissues and normal tissues from different perspectives of primary GC, TNM stage, nodal metastasis status and tumor grade. 
Immunohistochemical staining of GC tissues and normal tissues was performed to evaluate the expression of signature genes in GC.
Results: Eighty-four common differentially expressed genes (DEGs) in GC were identified. These genes were closely related to the 
P13K-Akt signal pathway and other signaling pathways. Ten hub genes were identified. Collagen type I alpha 1 (COL1A1) and 
collagen type IV alpha 1 (COL4A1) were significantly associated with poor prognosis of GC and were all positively correlated with 
T stage, distant metastasis, and TNM stage of GC. Immunohistochemistry revealed that the expression of these 2 genes was 
upregulated in GC tissues. These 2 genes expression was negatively related with 5-year survival rate of GC patients.
Conclusion: Ten highly expressed hub genes in GC tissue were mined by bioinformatics method. COL1A1 and COL4A1 were 
significantly associated with the prognosis of GC. This study provided a theoretical basis for the pathogenesis, clinical diagnosis and 
therapeutic targets of GC.
Keywords: gastric cancer, bioinformatics analysis, prognosis, differentially expressed genes, immunohistochemical

Introduction
GC is a common malignant tumor of digestive system. According to the International Agency for Research on Cancer 
(IARC) of the World Health Organization, there were 19.29 million new cancer cases and 9.96 million deaths worldwide 
in 2020, of which the number of new cases of GC was 1089,103 (5.6%), and the number of deaths was 768,793 (7.7%). 
In 2020, there were 4.57 million new cancer cases and 3 million deaths in China, including 480,000 new GC cases and 
370,000 deaths.1 GC is not only ranked as the third leading cause of cancer death worldwide, but also ranked as the fifth 
most common cancer.2 The clinical diagnosis and treatment of GC lacks effective biomarkers, resulting in a low early 
diagnosis rate of GC, which affects the clinical diagnosis and treatment of GC. Most GC cases are diagnosed at an 
advanced stage with poor prognosis and low long-term survival.3 Therefore, it is necessary to find effective biomarkers 
for GC to improve the diagnostic effect and the value of prognostic evaluation.
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Analysis of microarray technology and bioinformatics technology is helpful for the screening of disease biomarkers. 
It can make great contributions to the study of disease-related genes and molecular mechanisms of disease occurrence 
and development. Recently, microarray technology has been widely used to explore changes in cancer gene expression.4,5 

High-quality microarrays and high-throughput sequencing help to discover gene expression changes during the devel-
opment of GC,6–8 and enable the screening of biomarkers for GC diagnosis, treatment, and prognosis. Gene maps are 
obtained from public databases such as the Gene Expression Omnibus (GEO) and The Cancer Genome Atlas (TCGA). 
Comprehensive bioinformatics data overcomes the limitations of different microarray platforms and small sample sizes.

In the present study, two messenger RNA (mRNA) microarray datasets (GSE33335 and GSE79973) were down-
loaded from GEO database. These data were combined with the TCGA database to obtain common DEGs between GC 
tissues and normal tissues. Subsequently, Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) 
pathway enrichment analysis was performed. Visualized PPI network analysis was performed by Cytoscape to further 
identify hub genes. GEPIA database was used to evaluate the prognostic value of hub genes in GC. The online software 
Ualcan was applied to analyze the expression of the prognosis-related genes in gastric tissues and normal tissues from 
different perspectives of primary GC, TNM stage, nodal metastasis status and tumor grade. Immunohistochemical 
staining of GC tissues and normal tissues was performed to evaluate the expression of signature genes in GC.

Materials and Methods
Data Acquisition and Processing
Log into the GEO database of the National Center for Biotechnology Information (https://www.ncbi.nlm.nih.gov/geo/), 
and search with the keyword “Gastric cancer”. The screening conditions are (1) the datasets are from the same platform, 
(2) the samples include GC tissue and normal tissue from the same patient, (3) the total number of samples is not less 
than 20 and (4) the samples are from “homo sapines”. The GSE33335 dataset derived from the GPL5175 platform 
(including the gene expression data of 25 normal gastric mucosa samples and 25 GC samples), and the GSE79973 dataset 
derived from the GPL570 platform (including 10 normal samples and 10 GC samples) were screened. Search the TCGA 
database (https://www.cancer.gov/about-nci/organization/ccg/research/structural-genomics/tcga) for the keyword 
“Gastric cancer”. Gene expression data of GC samples (375 cases) and normal samples (32 cases) were obtained. 
DEGs were analyzed by combining GSE33335, GSE79973 and TCGA data.

Screening of DEGs
R software (4.1.3, https://www.r-project.org/) “Limma” package was used to analyze the differential expression of genes 
in GC and normal gastric tissues in GSE33335 and GSE79973 datasets, and to draw volcano plots of DEGs. The 
R software pheatmap package was used to draw heatmaps. The R software “edgeR” package was used to analyze gene 
differential expression between GC and normal gastric tissue data in the TCGA database, and a volcano plot was drawn. 
Heatmaps of DEGs were drawn using the R software “gplots” package. It was stipulated that an adjustP value <0.05 was 
statistically significant, and |log2FC| (log2 Fold Change) >1 indicated the existence of expression differences. The above 
three differentially expressed gene datasets were integrated and analyzed using the online Veen plot tool (http:// 
bioinformatics.psb.ugent.be/webtools/Venn/) provided by Bioinformatics & Evolutionary Genomics to obtain common 
DEGs.

Functional Enrichment Analysis
GO analysis process exists in large-scale functional enrichment and is a commonly used research method in functional 
enrichment research. Gene functions usually include three processes: biological process (BP), molecular function (MF) 
and cellular components (CC). Pathway enrichment analysis was performed through KEGG database. Annotation 
analysis and pathway enrichment analysis of DEGs were performed using the DAVID comprehensive database. P < 
0.05 was considered statistically significant. Visual analysis was performed using the R software “ggplot2” package.
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Construction of PPI Interaction Network and Screening of Hub Genes
The online analysis tool STRING (https://cn.string-db.org/) was applied to construct a PPI network map of DEGs. The 
high confidence interaction score (high confidence) was set to 0.700, and nodes that had no interaction relationship were 
hidden. The R software was used to screen the hub genes closely related to GC, and a bar graph was drawn.

Validation of Differential Expression of Key Hub Genes
GEPIA (http://gepia.cancer-pku.cn/index.html) is an online analysis website created by Peking University, which 
contains 9736 tumor tissues and 726 normal tissues from TCGA, and more than 8000 cases of normal tissue data in 
GTEx database. The differential expression of 10 key hub genes in tumor tissue and normal tissue was verified by GEPIA 
database.

Analysis of the Prognostic Value of Hub Genes
To evaluate the prognostic value of hub genes in GC, the median relative expression of hub genes was used as the cutoff 
value in the GEPIA database. The patients were divided into high-expression and low-expression groups according to the 
differential gene mRNA expression levels for comparison between groups. The survival curves of 10 hub genes were 
drawn and examined by Log Rank test. The survival curve graph included hazards ratio (HR) and 95% confidence 
interval (CI). P < 0.05 was considered statistically significant.

Transcription Level of the Prognosis-Related Genes
The expression of the prognosis-related genes in gastric tissues and normal tissues were analyzed by online software 
Ualcan (http://ualcan.path.uab.edu/analysis.html). In this study, we analyzed the difference of prognosis-related genes 
expression from different perspectives of primary GC, TNM stage, nodal metastasis status and tumor grade.

Tissue Specimens
In this study, 70 paired tumor tissues and adjacent non-tumor tissues were collected from GC patients at the Fourth 
Hospital of Hebei Medical University from January 2015 to December 2016. All cases were confirmed by pathological 
diagnosis, and the clinicopathological data were completed. Tumor tissues and adjacent non-tumor tissues were collected 
and snap-frozen in liquid nitrogen then stored at −80°C. All patients were diagnosed as primary GC. All patients had no 
history of other malignant tumors and did not receive radiotherapy, chemotherapy or targeted therapy before surgery. 
This study complied with the Declaration of Helsinki and was approved by Ethics Committee of the Fourth Hospital of 
Hebei Medical University (approval number: 2021KY283). All experiments were performed in compliance with the 
relevant regulations, and written informed consent was obtained from every participant.

Immunohistochemical
The expressions of prognosis-related proteins in GC tissues and adjacent tissues were detected by streptavidin peroxidase 
(S-P method) immunohistochemical method. Briefly, bake the slices at 70 °C for 30 min. Sections were deparaffinized 
with dimethylbenzene and dehydrated through 100, 95, 85, and 75% ethanol. Endogenous peroxidase was incubated with 
3% H2O2 at room temperature for 10 min. Antigen retrieval treatment was carried out by high-pressure heating in pH=6.0 
sodium citrate buffer solution. The sections were washed in PBS solution and blocked with 10% goat serum for 30 min, 
then incubated with primary antibody (Anti-COL1A1 antibody produced in rabbit (SAB5700733), Sigma-Aldrich; Anti- 
COL4A1, antibody produced in rabbit (SAB4300825), Sigma-Aldrich) at 4°C overnight. The sections were washed in 
PBS solution for 3 times and incubated with secondary antibody at 37°C for 30 min. The sections were washed in PBS 
solution for 3 times. Streptomycin ovalbumin working solution labeled with horseradish peroxidase was added and 
incubated at 37°C for 30 min. The sections were washed in PBS solution for 3 times. All slides were counterstained 
diaminobenzidine (DAB) solution. At last, sections were counterstained with hematoxylin, dehydrated, cleared and 
mounted. The pictures are 400 times magnification. According to the data standards of scholars such as Shimizu9 and 
scored according to the percentage of positive staining in the tissue: no positive staining was 0 points, 1–25% was 1 
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point, 26–50% was 2 points, and >50% was 3 points. The staining intensity was scored: no staining was 0, light yellow 
was 1, tan was 2, and brown was 3, and the sum of the two scores was ≥3 as positive expression.

Relationship Between Genes and Clinical Characteristics of Patients
The clinical characteristics of GC patients (n=70) were recorded to explore the association between prognosis-related 
genes and clinical characteristics of patients with GC (including gender, age, tumor location, infiltrating depth, lymph 
node metastasis, clinical stage, differentiation degree, Lauren classification, etc.).

Follow-Up
Postoperative follow-up data of GC patients were collected by means of reexamination and telephone, and recurrence, 
metastasis and death of patients were recorded. The cut-off point of follow-up was death, and the end of follow-up was 
December 30, 2021.

Results
Identification of DEGs in GC
Through differential gene analysis of gene expression profiles, 300 up-regulated genes and 111 down-regulated genes 
related to GC were screened in GSE33335 data set; 295 up-regulated genes and 665 down-regulated genes were 
screened in GSE79973 data set. A total of 7921 up-regulated genes and 3636 down-regulated genes related to GC were 
screened from the TCGA database. R software was applied to visualize the DEGs of each dataset by volcano plots and 
heatmaps, respectively (Figure 1A–F). Common DEGs of the three datasets were obtained by the Venny tool 
(Figure 1G). The results showed 84 common DEGs related to GC, including 34 up-regulated genes and 50 down- 
regulated genes.

GO Function and KEGG Pathway Analyses for the DEGs
To further evaluate the function of identified DEGs, GO function and KEGG pathway enrichment analysis were 
performed using DAVID. Enriched BP, CC and MF were used to better understand the biological functions of 
overlapping DEGs. The upregulated DEGs were mainly enriched in “extracellular matrix organization”, “cell adhe-
sion” and “collagen fibril organization” by biological process (Figure 2A), “extracellular space”, “plasma membrane” 
and “extracellular region” by cellular component (Figure 2B) and “protein binding” by molecular function 
(Figure 2C), respectively. Moreover, the results of the KEGG pathway analysis revealed that these DEGs were 
primarily enriched in “P13K-Akt signal pathway”, “human papillpmavirus infection” and “focal adhesion” 
(Figure 2D).

PPI Network Construction and Hub Genes Identification
The STRING online database is used to construct the PPI interaction network (Figure 3A). R software was used to sort 
by the number of nodes and draw a column chart (Figure 3B). The 10 hub genes most associated with GC were 
identified, followed by COL1A1, COL3A1, COL1A2, CCNB1, COL4A1, SERPINH1, SPARC, MAD2L1, BGN and 
CDKN3.

Hub Genes Validation
The mRNA expression levels of 10 key hub genes were verified by GEPIA database, and the results showed that the 
expression levels of COL1A1, COL3A1, COL1A2, CCNB1, COL4A1, SERPINH1, SPARC, MAD2L1, BGN and CDKN3 
were significantly higher than those in normal tissues (Figure 4A–J).

The Prognostic Value of Hub Genes
In order to evaluate the correlation between the expression of hub genes and the prognosis of GC patients, survival 
analysis was performed using the GEPIA database. The results showed that the expression levels of COL1A1 and 
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Figure 1 Volcano plots and heatmaps of DEGs. (A) Volcano plot of DEGs in GSE33335 dataset. (B) Heatmap of DEGs in GSE33335 dataset. (C) Volcano plot of DEGs in 
GSE79973 dataset. (D) Heatmap of DEGs in GSE79973 dataset. (E) Volcano plot of DEGs in TCGA data. (F) Heatmap of DEGs in TCGA data. (G) Venn diagram of DEGs. 
Abbreviations: DEG, differentially expressed genes; TCGA, The Cancer Genome Atlas.
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COL4A1 were significantly correlated with the overall survival of GC patients (Figure 5A and E), indicating that the 
expression differences were associated with patient prognosis. Therefore, COL1A1 and COL4A1 might be used as 
prognostic indicators for GC patients. The survival analysis also showed that the overall survival (OS) differences 
between high expression and low expression of the other 8 genes (COL3A1, COL1A2, CCNB1, SERPINH1, SPARC, 
MAD2L1, BGN and CDKN3) were not significant (Figure 5B, C, D, F, G, H, I and J).

Validation of Expression Levels of Prognosis-Related Genes
The online database Ualcan was used to analyze the expression of 2 prognosis-related genes in GC tissue and 
normal tissue. The results showed that the expressions of COL1A1 and COL4A1 were all up-regulated in GC tissues 
compared with normal tissues (all P < 0.001) (Figure 6A). In terms of TNM staging, the expression levels of 
COL1A1 and COL4A1 in normal tissues were lower than those in stage I, II, III and IV GC tissues (P < 0.05, P < 
0.001, P < 0.001, P < 0.001, respectively) (Figure 6B). In terms of nodal metastasis, the expression levels of 
COL1A1 and COL4A1 in normal tissues were lower than those in N0, N1, N2, and N3 tissues (all P < 0.001) 
(Figure 6C). In terms of tumor grade, the expression levels of COL1A1 and COL4A1 in normal tissues were lower 
than those in G1, G2 and G3 GC tissues (P < 0.05, P < 0.001, P < 0.001, respectively) (Figure 6D). The above 
results revealed that the expressions of COL1A1 and COL4A1 were all positively correlated with T stage, distant 
metastasis, and TNM stage of GC.

Figure 2 The GO and KEGG functional enrichment analyses of overlapping DEGs in gastric cancer. (A) The GO term, biological processes of common DEGs. (B) The GO 
term, cellular composition of common DEGs. (C) The GO term, molecular function of common DEGs. (D) KEGG pathway enrichment analyses of common DEGs. 
Abbreviations: GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; DEG, differentially expressed genes.
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Immunohistochemistry
To further verify the results of bioinformatics analysis, immunohistochemistry of 2 genes was performed. 
Immunohistochemical results showed that COL1A1 and COL4A1 were mainly expressed in the cytoplasm, and the 
expression of 2 genes in tumor tissues was higher than that in adjacent tissues, which was consistent with the results of 
the previous bioinformatics analysis. Representative immunohistochemical results are shown in Figure 7. The positive 
expression rates of COL1A1 and COL4A1 in GC tissues (72% and 73%) were significantly higher than those in adjacent 
tissues (37% and 21%) (P < 0.05, P < 0.01, respectively).

Relationship Between Genes and Clinical Characteristics of GC Patients
Pearson’s chi-squared test showed that the expression level of COL1A1 was positively correlated with infiltrating 
depth (χ2=9.842, P < 0.05), clinical stage (χ2=5.743, P < 0.05) and differentiation degree (χ2=4.622, P < 0.05). The 
expression level of COL1A1 was not associated with gender, age, tumor location, lymph node metastasis and Lauren 
classification (Table 1). The expression level of COL4A1 was positively correlated with the age of GC patients 
(χ2=5.418, P < 0.05), lymph node metastasis (χ2=12.01, P < 0.01) and clinical stage (χ2=8.903, P < 0.05). The 
expression level of COL4A1 was not associated with gender, tumor location, infiltrating depth, differentiation degree 
and Lauren classification (Table 1).

Relationship Between 5-Year Survival Rate and Clinicopathological Features of GC 
Patients
Univariate survival analysis showed that OS was significantly correlated with infiltrating depth (χ2=14.14, P < 0.01), 
lymph node metastasis (χ2=10.34, P < 0.05), clinical stage (χ2=11.63, P < 0.01), differentiation degree (χ2=5.416, P < 
0.05), COL1A1 (χ2=6.228, P < 0.05) and COL4A1 (χ2=7.372, P < 0.01) expression level (Table 2). GC patients with high 
COL1A1 expression had shorter OS than those with low COL1A1 expression (Figure 8A). Similarly, GC patients with 
high COL4A1 expression had shorter OS than those with low COL4A1 expression (Figure 8B).

Figure 3 Protein interaction network diagram of common DEGs and identifying of hub genes. (A) The protein interaction network diagram of the common DEGs using 
online analysis tool STRING. (B) The ranking column chart of the hub genes by R software (top 30 genes). 
Abbreviation: DEG, differentially expressed genes.
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Figure 4 Validation of selected hub genes expression in gastric cancer tissues and normal tissues using GEPIA database. ((A–J): COL1A1, COL3A1, COL1A2, CCNB1, COL4A1, 
SERPINH1, SPARC, MAD2L1, BGN and CDKN3). *P < 0.05.
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Figure 5 The validation of prognostic value of 10 genes. ((A–J): COL1A1, COL3A1, COL1A2, CCNB1, COL4A1, SERPINH1, SPARC, MAD2L1, BGN and CDKN3).

Figure 6 Correlation between the expression of prognostic genes and clinicopathological features of GC (Ualcan database). (A) The expression of 2 prognosis-related 
genes in GC. (B) Correlation between expression of 4 prognosis-related genes and tumor stages in GC patients. (C) Expression of 2 prognosis-related genes in GC based 
on nodal metastasis status. (D) Expression of 2 prognosis-related genes in GC based on tumor grades. *P < 0.05, ***P < 0.001. 
Abbreviation: GC, gastric cancer.
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Discussion
The incidence of GC is increasing, and the mortality rate of GC ranks third in cancer. Surgery, chemotherapy, 
radiotherapy and immunotherapy are the main therapies for the clinical treatment of GC. Patients usually show no 

Figure 7 The immunohistochemical-based protein expression of 2 prognosis-related genes in GC tissues and adjacent normal tissues. 
Abbreviation: GC, gastric cancer.

Table 1 Relationship Between Prognosis-Related Genes and Clinicopathological Features in Patients with GC

Variables Cases COL1A1 Expression χ2 P COL4A1 Expression χ2 P

+ − + −

Gender

Male 49 37 12 1.333 0.248 37 12 0.581 0.446

Female 21 13 8 14 7
Age (years)

≤61 32 21 11 0.973 0.324 19 13 5.418 0.020

>62 38 29 9 32 6
Tumor location

Upper 1/3 18 12 6 2.087 0.581 11 7 2.543 0.480

Middle 1/3 15 9 6 11 4
Lower 1/3 31 24 7 25 6

Whole stomach 6 5 1 4 2

Infiltrating depth
T1 9 3 6 9.842 0.012 4 5 5.211 0.137

T2 11 6 5 7 4

T3 43 35 8 34 9
T4 7 6 1 6 1

Lymph node metastasis

N0 28 20 8 2.516 0.484 16 12 12.01 0.005
N1 16 13 3 11 5

N2 8 4 4 6 2

N3 18 13 5 18 0
Clinical stage

I 15 7 8 5.743 0.046 7 8 8.903 0.012

II 27 20 7 19 8
III 28 23 5 25 3

(Continued)
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Table 1 (Continued). 

Variables Cases COL1A1 Expression χ2 P COL4A1 Expression χ2 P

+ − + −

Differentiation degree

Well-Moderately 46 29 17 4.622 0.032 32 14 0.735 0.391
Poorly 24 21 3 19 5

Lauren classification

Intestinal type 26 17 9 0.835 0.700 18 8 1.397 0.570
Diffuse type 14 11 3 12 2

Mixed type 30 22 8 21 9

Table 2 Relationship Between 5-Year Survival Rate and Clinicopathological Features in 
Patients with GC

Variables Cases 5-Year Survival Rate χ2 P

Gender

Male 49 53.06%(26/49) 0.099 0.753
Female 21 57.14%(12/21)

Age (years)

≤61 32 53.13%(17/32) 0.032 0.858
>62 38 55.26%(21/38)

Tumor location

Upper 1/3 18 44.44%(8/18) 0.931 0.818
Middle 1/3 15 53.33%(8/15)

Lower 1/3 31 51.61%(16/31)

Whole stomach 6 66.66%(4/6)
Infiltrating depth

T1 9 100%(9/9) 14.14 0.003

T2 11 72.73%(8/11)
T3 43 48.83%(21/43)

T4 7 14.29%(1/7)

Lymph node metastasis
N0 28 75.00%(21/28) 10.34 0.016

N1 16 62.50%(10/16)
N2 8 50.00%(4/8)

N3 18 27.78%(5/18)

Clinical stage
I 15 86.67%(13/15) 11.63 0.003

II 27 51.85%(14/27)

III 28 32.14%(9/28)
Differentiation degree

Well-Moderately 46 73.91%(34/46) 5.416 0.020

Poorly 24 45.83%(11/24)
Lauren classification

Intestinal type 26 57.69%(15/26) 0.927 0.629

Diffuse type 14 42.86%(6/14)
Mixed type 30 56.67%(17/30)

COL1A1 expression

Low 20 75.00%(15/20) 6.228 0.013
High 50 42.00%(21/50)

COL4A1 expression

Low 19 68.42%(14/19) 7.372 0.007
High 51 37.25%(19/51)
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symptoms in the early stage of GC. Most of the diagnosed patients are in the middle and late stages, and the five-year 
survival rate is only 11–40%. In recent years, targeted drugs for advanced GC have been developed and approved for 
clinical treatment, including trastuzumab (the first-line drug for HER2-positive patients),10 ramucirumab (the second-line 
anti-angiogenesis drug),11 nivolumab and pembrolizumab (anti-PD-1 third-line drug).12 However, the overall prognosis 
of GC patients is still poor. Drug will affect the immune function of the patients when inhibiting tumor growth. 
Therefore, it is urgently needed to explore effective biomarkers for GC prognosis prediction and as a target for targeted 
therapy.

In this study, we screened out the 10 hub genes most associated with GC, which are COL1A1, COL3A1, COL1A2, 
CCNB1, COL4A1, SERPINH1, SPARC, MAD2L1, BGN, and CDKN3. The GEPIA database verified that the expression 
levels of 10 hub genes in GC tissues were significantly higher than those in normal tissues. Moreover, the expression 
levels of COL1A1 and COL4A1 were significantly correlated with the OS of GC patients, indicating that their expression 
differences were associated with patient prognosis, which proved that the 2 genes could be used as prognostic indicators 
for GC. The results of immunohistochemical staining also proved that the expressions of COL1A1 and COL4A1 in GC 
tissues were higher than those in adjacent tissues.

The occurrence, development, invasion and metastasis of malignant tumors are often accompanied by changes in the 
expression of extracellular matrix (ECM) and cell surface receptors.13 Collagen is the main component of ECM, which is 
the attachment and scaffold for cell growth, and can induce epithelial cell proliferation, differentiation and migration, 
which plays an important role in maintaining intercellular adhesion, tissue integrity and recovery.14

COL1A1, collagen type I, alpha 1, plays a role by activating three pathways Rac1-GTP, p-JNK, and RhoA-GTP 
through the WNT/planar cell polarity (PCP) pathway. RhoGTPases and JNK pathways transmit signals from cell surface 
Frizzled and ROR2/RYK co-receptors to the nucleus, which is an important process of tumor cell metastasis.15 

Therefore, COL1A1 may be involved in the metastatic process of GC.
COL4A1 plays a crucial role in tumor invasion by inducing tumor budding.16 Huang et al17 predicted the mRNA 

expression of COL4A1 in trastuzumab-resistant GC patients by bioinformatics methods. The level was significantly 
higher than that of non-resistant patients, suggesting that high expression of COL4A1 can induce drug resistance in GC 
patients.

This study provides new molecules for the construction of GC prognosis models, and further provides a theoretical 
basis for GC diagnosis, treatment and prognosis screening. There are also shortcomings in this study. Although the 
results have been verified by different websites and existing literature, and the expression difference of hub gene in GC 
tissue and normal tissue has been verified by immunohistochemical staining. However, a series of molecular biology 
experimental data are still lacking. Therefore, the molecular mechanism in this study remains to be further explored. 
Extensive exploratory data are very limited due to current single-gene and next-generation sequencing-specific 
analyses.18 Future bioinformatic analysis may develop towards polygenic modules. Weighted gene coexpression network 

Figure 8 Relationship between prognosis-related genes expression level and 5-year survival rate of patients with GC (n=70). (A) Relationship between COL1A1 expression 
level and 5-year survival rate of patients with GC. (B) Relationship between COL4A1 expression level and 5-year survival rate of patients with GC. 
Abbreviation: GC, gastric cancer.
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analysis (WGCNA) can analyze complex gene interaction networks and simultaneously evaluate the expression of all 
genes.19 In addition, the combination of multiple RNA biomarkers can improve the sensitivity and specificity of 
diagnosis and prognosis.20

Conclusion
In this study, 10 highly expressed hub genes COL1A1, COL3A1, COL1A2, CCNB1, COL4A1, SERPINH1, SPARC, 
MAD2L1, BGN and CDKN3 in GC tissue were mined by bioinformatics method. COL1A1 and COL4A1 were 
significantly associated with the prognosis of GC and could be used as prognostic indicators for GC. The expression 
level of COL1A1 was associated with infiltrating depth, clinical stage and differentiation degree. The expression level of 
COL4A1 was associated with the age of GC patients, lymph node metastasis and clinical stage. COL1A1 and COL4A1 
expression is negatively related with OS of GC patients. Therefore, this study shows potential targets for the diagnosis 
and treatment of GC and provides theoretical support, new ideas and new strategies for the clinical treatment and 
mechanism research of GC.
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