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Background: The systematic expression characteristics and functions of collagen genes in

gastric cancer (GC) have not been reported. Through public data integration, combined with

bioinformatics analysis, we identified a panel of collagen genes overexpressed in GC. The

functions of these genes were analyzed and validated in a GC-related cohort. microRNAs

that may potentially target such genes were investigated in vitro.

Methods: Four GC-related datasets retrieved from the Gene Expression Omnibus (GEO) were

used to extract differentially expressed genes (DEGs) in GC. Functional annotation was per-

formed to identify the potential roles of the identified DEGs. The association of candidate genes

involved in the prognosis of GC patients (n=876) was determined using data provided by the

Kaplan–Meier-plotter database, The Cancer Genome Atlas Stomach Adenocarcinoma (TCGA-

STAD) repository, and a GC-related dataset (GSE15459). The expression characteristics of

candidate genes and their associations with clinical parameters were validated in our in-house

cohort (n=58). MicroRNAs able to target the identified candidate genes were predicted and

confirmed using qRT-PCR, Western blotting, and dual-luciferase reporter assays in vitro.

Results: After the integration of four GEO datasets, 76 DEGs were identified. Gene

Ontology and Kyoto Encyclopedia of Genes and Genomes pathway analysis indicated that

these DEGs were significantly enriched in ECM-related functions and pathways. A group of

collagen genes was significantly upregulated in the GC tissues and constituted a protein–

protein interaction network as important nodes. Some of these collagen genes were closely

associated with poor prognosis in GC patients. Overexpression of COL1A1 and COL4A1

was confirmed in our in-house cohort, and this was related to prognosis and certain

clinicopathological parameters. We found that microRNA-29c-3p could directly target

COL1A1 and COL4A1 in BGC-823 cells.

Conclusions: Collagen genes identified in this study were associated with patient prognosis

in GC and may represent diagnostic markers or potential therapeutic targets. Aberrant

expression of such candidate genes may be induced by microRNA-29c-3p.

Keywords: gastric cancer, collagen, prognosis, microRNA-29c-3p, COL1A1, COL4A1

Introduction
Gastric cancer (GC) ranks as the fourth most incident and the second most common

cause of cancer-associated deaths worldwide.1 Because of routine early screening, such

as endoscopic examinations, and recent advances in treatment techniques, long-term

survival rates have improved. However, in developing countries, most GC patients are
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diagnosed at an advantage stage, with poor prognosis.2

Therefore, further studies should still be emphasized for the

early detection and targeted therapy of GC. Numerous genes

and complicated regulatory networks play pivotal roles in the

initiation and development of GC.3 The popularity of high-

throughput techniques such as microarray and RNA

sequence analysis combined with the development of bioin-

formatics tools and resources has greatly facilitated research

involving gene profile alterations, and such approaches have

offered significant benefits in terms of the early diagnosis,

treatment, and prognosis of GC patients.4

In the present study, we performed an integrated analysis

based on four independent GC microarray datasets and the

Cancer Genome Atlas Stomach Adenocarcinoma (TCGA-

STAD) dataset to identify gene profile changes in GC.

Interestingly, a group of collagen-family genes was revealed

to be simultaneously upregulated in GC tissues. Analyses

involving the Gene Ontology (GO) and Kyoto Encyclopedia

of Genes and Genomes (KEGG) resources indicated the

involvement of these collagen genes in the regulation of

extracellular matrix (ECM) homeostasis. Previous studies

have shown that ECM is typically deregulated in cancer

and participates in malignant cell proliferation, adhesion,

migration, and angiogenesis and drug metabolism.5,6

Because collagen is the main component of ECM, abnorm-

alities involving it and its related genes have been frequently

reported in various forms of cancer. For instance, increased

expression of several collagen genes (COL1A1, COL5A2,

COL12A1, andCOL17A1) induces drug resistance in ovarian

cancer cells.7 Zhang et al reported overexpression of

COL1A1 in colorectal cancer and suggested that COL1A1

promotes metastasis by regulating the WNT/PCP pathway.8

Liu et al reported that COL5A1 induces metastasis in lung

adenocarcinoma.9 Based on this evidence, we hypothesized

that this panel of collagen genes play roles in the progression

of GC. First, we analyzed the association of these collagen

genes with prognosis of GC patients using public

archives. Second, the results were validated in our in-house

GC patient cohort. Finally, we found that these collagen

genes may be targeted by microRNA-29c-3p and confirmed

this to be the case in vitro.

Materials and methods
Detection of differentially expressed genes

(DEGs) in GC tissues from public databases
Four GC-related microarray datasets (GSE13861,

GSE27342, GSE54129, and GSE63089) were retrieved

from the GEO database (https://www.ncbi.nlm.nih.gov/

geo/) and normalized. Compared with normal tissues,

DEGs (fold change >2 or <0.5, P<0.05) in GC tissues

were analyzed using R software and the “Limma” package

for each dataset. The results obtained from each dataset

were calculated and graphically overlapped using online

Venn diagram tools (http://bioinformatics.psb.ugent.be/

webtools/Venn/).

Functional annotation of DEGs
To reveal the biological functions and related pathways

involving these overlapping DEGs, functional enrichment

analysis was performed using online bioinformatics tools

provided by the Database for Annotation, Visualization and

Integrated Discovery (DAVID, https://david.ncifcrf.gov/).

Significantly enriched (P<0.05) GO terms (biological pro-

cess, molecular function, and cellular component) and

KEGG pathways were identified. The annotation results

were visualized using R with “ggplot2” and “Goplot”

Goplot package. To build a protein–protein interaction

(PPI) network for candidate DEGs, node data, with results

obtained from text mining excluded, were obtained from the

STRING database (https://string-db.org/) and visualized

using Cytoscape (v3.7.0). microRNAs that may target the

identified candidate genes (COL10A1, COL1A1, COL1A2,

COL3A1, COL4A1, COL5A2, and COL6A3) were predicted

using DIANA tools - TarBase v.8.

Survival analysis for candidate genes using

public data
To better understand the roles of candidate genes

(COL10A1, COL1A1, COL1A2, COL3A1, COL4A1,

COL5A2, and COL6A3) in the prognosis of GC patients,

survival analysis was performed using clinical data of 876

GC patients using the Kaplan–Meier-plotter database (http://

kmplot.com/analysis/). Patients were divided into two

groups using the median for each candidate gene as the cut-

off value, and overall survival rates were calculated using

Kaplan–Meier curves, followed by log-rank test. In parallel,

similar survival analysis was conducted based on data of 418

patients obtained from TCGA-STAD dataset. After overlap-

ping, the results obtained from the Kaplan–Meier-plotter

database and TCGA-STAD, COL1A1 and COL4A1 were

selected for further study. In another independent GC cohort

(GSE15459), multivariate Cox regression analysis was per-

formed on COL1A1 and COL4A1, and risk score models

were derived from the results. For the analysis of GSE15459
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and TCGA-STAD, patients were divided into high- and low-

risk groups based on the median value of the risk score

calculated for COL1A1 and COL4A1, respectively. Next,

the prognostic value of the risk scores calculated for

COL1A1 and COL4A1 was estimated using Kaplan–Meier

curves, followed by log-rank test.

Patients and tissue specimens
To validate the results obtained from public data, the

expression of candidate genes (COL1A1 and COL4A1)

and their association with clinical parameters were analyzed

in our in-house cohort. Fifty-eight matched gastric adeno-

carcinoma and adjacent non-tumor tissues were collected

from patients undergoing surgical resection at the Affiliated

Hospital of North Sichuan, China, from December 2009 to

May 2012. The diagnosis of GC was confirmed by patho-

logical examination. No patients had received anti-tumor

therapy prior to surgery. Tissue samples were harvested and

frozen at −80°C. In the present study, samples were col-

lected after obtaining patient’s written informed consent.

The ethics committee of the Affiliated Hospital of North

Sichuan approved this study. This study was conducted in

accordance with the Declaration of Helsinki.

Immunohistochemistry (IHC)
Tissue samples were routinely fixed and embedded in

paraffin and sectioned into 5-mm thick slices. IHC was

performed to detect COL1A1 and COL4A1 using a Dako

Envision System (Dako, Denmark) according to the man-

ufacturer’s protocol.

RNA extraction and real-time quantitative

PCR
Total RNA from tissue samples was extracted using the

TRIzol™ reagent (Thermo Fisher Scientific, MA, USA).

After quality control, total RNA was reverse transcribed

into cDNA using the PrimeScript™ RT reagent kit (Takara

Biomedical Technology, Beijing, China). cDNA templates

were amplified and quantified using the SYBR® Premix

Ex Taq™ Reagent Kit (Takara Biomedical Technology,

Beijing, China). All PCR conditions and reaction systems

were prepared and conducted according to the manufac-

turer’s instructions. Primers for COL1A1 were 5′-GCC

AAGACGAAGACATCCCA-3′ (forward) and 5′-GCAC

CATCATTTCCACGAGC-3′ (reverse) and those for

COL4A1 were 5′-GTCTCCGCTTGGAGCCG-3′ (for-

ward) and 5′-CTCTCCCCCTTTGTGCCATT-3′ (reverse).

GAPDH was used as a reference for normalization.

Primers for GAPDH were 5′-GTCTCCTCTGACTTC

AACAGCG-3′ (forward) and 5′-ACCACCCTGTTGC

TGTAGCCAA-3′ (reverse). The 2–ΔΔCt method was used

to calculate the relative levels of expression of target

genes.

Cell culture and transfection
Human gastric adenocarcinoma BGC-823 cells were

obtained from the American Type Culture Collection

(Manassas, VA, USA). Cells were cultured in RPMI-1640

supplemented with 10% fetal bovine serum and penicillin-

streptomycin. Cells were maintained at 37°C in a 5% CO2

Atmosphere. To upregulate the expression of microRNA-

29c-3p in BGC-823 cells, microRNA-29c-3p mimics, or

a negative control sequence, were transfected into cells

using the Lipofectamine® RNAimax kit (Thermo Fisher

Scientific, MA, USA). To knock-down the expression of

COL1A1 and COL4A1 in BGC-823 specific siRNA sequ-

neces (COL1A1-siRNA and COL4A1-siRNA) were trans-

fected into cells using Lipofectamine® RNAimax kit. To

upregulate the expression of COL1A1 and COL4A1 expres-

sion vectors were constructed based on pcDNA3.1 and

transfected into cells using Lipofectamine® 2000 Kit.

Empty plasmids served as negative control.

Cell proliferation assay
BGC-823 cells were seeded into 96-well plates 24 hrs after

transfection. Cell proliferation was determined based on

metabolic activity using CellTiter-Blue® Cell Viability

Assay kit. Measurement was performed at 24, 48, and 96

hrs after seeding according to the procedures manual from

manufacturer. The relative proliferation was calculated by

formula: Relative proliferation= cell viability (other time

point)/cell viability (24 hrs).

Western blotting
Total protein was isolated from the transfected BGC-823

cells using RIPA reagent containing a protease inhibitor

cocktail. The concentration of protein samples was mea-

sured using a BSA assay kit and heated in 4× loading

buffer at 96°C for 8 mins. A total of 30 μg of protein

was separated on 12% SDS-PAGE gels at 90 V for 2.0 hrs

and then transferred to nitrocellulose membranes. After

blocking with 5% milk, membranes were incubated with

rabbit anti-COL1A1 (LifeSpan BioSciences, WA, USA),

rabbit anti-COL4A1 (LifeSpan BioSciences), or rabbit

anti-GAPDH (Abcam Plc, UK) antibodies, followed by
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incubation with HRP-labeled anti-rabbit lgG antibody

(Abcam Plc). Protein bands were detected using an ECL

chemiluminescence kit (Beyotime Co., Ltd, China).

Dual-luciferase reporter assay
A luciferase assay system (Promega Corporation, Shanghai,

China) was used to confirm the target relationship between

miR-29c-3p and COL1A1. Briefly, the wildtype 3′-UTR

sequence of COL1A1 containing a miR-29c-3p binding

site and a mutant 3′-UTR sequence of SIRT1 were inserted

into PsiCHECK2 luciferase reporter vectors (PsiCHECK2 -

COL1A1 3′-UTR-Wt and PsiCHECK2- COL1A1 3′-UTR-

Mut). Similar PsiCHECK2 plasmids were prepared for

COL4A1. PsiCHECK2 vectors were co-transfected with

miR-29c-3p mimic, or mimic negative control, into BGC-

823 cells. The cells were harvested, and relative luciferase

activity (activity of firefly luciferase/activity of renilla luci-

ferase) was detected.

Statistical analysis
Statistical analysis of data was performed with IBM®

SPSS statistical software package (19.0). Normally distrib-

uted data were expressed as mean±standard deviation ( x ±

SD). Mean values between two groups were compared

using Student’s t-test. Clinicopathological variables invol-

ving the in-house cohort were analyzed by Chi-square test.

P<0.05 was considered statistically significant.

Results
DEGs involved in the occurrence of GC
Four eligible GC microarray datasets (GSE13861,

GSE27342, GSE54129, and GSE63089) were included,

and 301 tumor tissues and 165 tumor-adjacent normal

tissue samples were enrolled in the integrated analysis.

The numbers of DEGs (fold change >2 or <0.5, P<0.05)

involving tumor and tumor-adjacent normal tissues in each

dataset are shown in the Venn diagram (Figure 1A). The

results for the four datasets were intersected, and 76 over-

lapping DEGs (34 upregulated and 42 downregulated

genes, Table S1) were identified as candidate genes

involved in the occurrence of GC (Figure 1B).

GO and KEGG analysis of DEGs
To explore the potential biological functions of the 76

DEGs in the pathogenesis of GC, functional enrichment

analysis based on GO and KEGG pathway databases was

conducted. As shown in Figure 2A–C, the DEGs were

mainly enriched in collagen- or extracellular matrix-related

GO terms. For biological process, the DEGs were more

significantly enriched for terms involving “collagen cata-

bolic process”, “extracellular matrix organization”, “extra-

cellular matrix disassembly”, and “collagen fibril

organization”. For “cellular component”, terms regarding

“extracellular space”, “extracellular region”, “collagen tri-

mer”, and “proteinaceous extracellular matrix” were mainly

involved. The molecular function terms indicated that these

DEGs were largely related to “platelet-derived growth fac-

tor binding”, and “extracellular matrix structural constitu-

ent”. According to the KEGG database, the DEGs were

mainly enriched for extracellular matrix–receptor interac-

tions, protein digestion, and focal adhesion (Figure 2D).

Apanel of collagen genes upregulated inGC

and involved in the prognosis of patients
Interestingly, in the GO and KEGG enrichment analysis, we

observed that several members of the collagen gene family

were more frequently enriched. Moreover, PPI networks

involving the 76 DEGs were constructed. Some DEGs

could not constitute a part of a network and were excluded;

however, seven collagen genes (COL10A1, COL1A1,

COL1A2, COL3A1, COL4A1, COL5A2, and COL6A3) con-

stituted a core network, with relative higher degree value of

node (Figure 3). To better understand the potential functions

of these collagen genes, GO terms (biological process, cel-

lular component, and molecular function) for which these

genes were enriched are shown in Figure 4A. Not surpris-

ingly, these genes were mainly related to the regulation of

ECM. Certain cancer-related terms, such as “cell adhesion”

and “extracellular exosome”, were also involved. Next, we

analyzed the effect of these collagen genes on the survival of

GC patients. As shown in Figure 4B, all of these collagen

genes were consistently expressed at higher levels in tumor

tissues in the four GEO datasets (GSE13861, GSE27342,

GSE54129, and GSE63089). Gene expression and clinical

data involving the 876 GC patients were obtained from

the KM-plotter database. Patients were divided into two

groups using the median values of candidate collagen

genes. Patients with higher levels of expression of

COL10A1, COL1A1, COL1A2, COL4A1, or COL6A3 exhib-

ited significantly lower overall survival (Figure 5), indicating

that the higher expression of these collagen genes was related

to poor prognosis of patients. In parallel, similar survival

analysis was performed for TCGA-STAD dataset. As

shown in Figure 6, patients with higher levels of expression
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ofCOL1A1, COL4A1, orCOL5A2 showed poorer prognoses.

Only the results for COL1A1 and COL4A1 were consistent

among the 876 patients (from the KM-plotter database) and

TCGA-STAD. Therefore, in the GSE15459 dataset—a

cohort involving 200 primary gastric tumors from

Singaporean patients—the effects of COL1A1 and COL4A1

in terms of the prognoses of patients were determined using

Cox proportional hazard modeling. Based on multivariate

Cox regression analysis, we obtained a model to estimate

the risk of poor survival using COL1A1 and COL4A1 as risk

factors. The model was risk score=0.45 COL1A1+0.48

COL4A1. The risk score was calculated using this model

for GSE15459, and patients with high scores had signifi-

cantly poorer survival rates (Figure 7A). The model was

confirmed in TCGA-STAD data, and we obtained results

similar to those obtained for GSE15459 (Figure 7B).

Therefore, we proposed that these upregulated collagen

genes, in particular COL1A1 and COL4A1, are associated

with poor prognosis of GC patients.

Validation of expression of COL1A1 and

COL4A1 and association with clinical

parameters in an independent GC cohort

We further assessed differences between COL1A1 and

COL4A1 expression between tumor and matched non-

tumor tissues collected from our in-house GC cohort

(n=58) using qRT-PCR and IHC. As shown in Figure 8

A and B, the expression of COL1A1 and COL4A1 was

significantly elevated in tumor tissues compared with that

in non-tumor tissues. Next, patients were grouped using

median values of COL1A1 and COL4A1 mRNA levels.

The expression difference folds of COL1A1 and COL4A 1

between high expression and low expression groups were

showed in Figure 8C. The relationships of COL1A1 and

COL4A1 levels with clinical parameters were analyzed

(Table 1). The expression of COL1A1 and COL4A1 was

not associated with sex, age, tumor location, size, or his-

tological differentiation. Patients with a higher expression

GSE27342

GSE27342

GSE13861

GSE13861

GSE63089

GSE63089

Log 2 (fold change)

A

B

6 4 2 0 -2 -4 -6

239
(7%)

1961
(57.3%)

40
(1.2%)

46
(1.3%)

290
(8.5%)

100
(2.9%)

20
(0.6%)

37
(1.1%)

122
(3.6%)

13
(0.4%)

59
(1.7%)

76
(2.2%)

8
(0.2%)

56
(1.6%)

357
(10.4%)

GSE54129

GSE54129

Figure 1 Differently expressed genes in gastric cancer tissues compared with non-tumor tissues. (A) Seventy-six differently expressed genes were identified after

integrating results obtained from four GEO gastric cancer-related dataset; (B) Heatmap displays the expression level of 76 differently expressed genes between tumor

tissues and non-tumor tissues in four GEO gastric cancer-related dataset.
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of COL1A1 exhibited greater potential to have an

advanced TNM stage and higher rates of lymph node

metastasis. A high expression of COL4A1 was related to

lymph node metastasis, TNM staging, and tumor invasion

depth. To confirm the prognostic value of COL1A1 and

COL4A1 levels, we compared the overall survival of

patients based on the expression of these genes. Patients

with higher COL1A1 or COL4A1 mRNA levels presented

poorer prognoses (Figure 9A and B). Moreover, the risk

score was again calculated as 0.45 COL1A1+0.48

Up-reuglated genes
Down-reuglated genes

Up-reuglated genes
Down-reuglated genes

Up-reuglated genes
Down-reuglated genes

Z-score

Collagen catabolic process

Extracellular matrix organization

Cell adhesion

Extracellular matrix disassembly

Collagen fibril organization

Skeletal system development

Cellular response to amino acid stimulus

Wound healing

Proteolysis

Cartilage development

Extracellular space

Platelet-derived growth factor binding

Extracellular matrix structural constituent

Serine-type endopeptidase activity

Retinol dehydrogenase activity

Extracellular matrix binding

Calcium ion binding

N-acetylglucosamine-6-sulfatase activity

SMAD binding

Alcohol dehydrogenase activity, zinc-dependent

Alcohol dehydrogenase (NAD) activity
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Proteinaceous extracellular martix
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Extrcellular matrix

Endoplasmic reticulum lumen

Cell surface
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Apical plasma membrane

Decreasing Increasing
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C D Retionl metabolism

Protein digestion and absorption

Platelet activation

PI3K-Akt signaling pathway

Metabolism of xenobiotics by cytochrome P450

Glycolysis / Gluconeogenesis

Gastric acid secretion

Focal adhesion

ECM-receptor interaction

Drug metabolism - cytochrome P450

Chemical carcinogenesis

Amoebiasis

Fold Enrichment

Figure 2 Functional enrichment analyses for 76 differently expressed genes in gastric cancer tissues. Extracellular matrix-related terms or pathway were significantly

enriched (A) Top ten enriched GO-biological process terms; (B) Top ten enriched GO-molecular function terms; (C) Top ten enriched GO-cellular component terms; (D)

Top twelve enriched KEGG pathways. z-score=(fold change of upregulated genes- fold change of downregulated genes)/square root of gene count numbers. For each gene,

the fold change used here was the average value calculated by the results obtained from four GEO datasets.

Figure 3 Protein–protein interaction network for 76 differently expressed genes in gastric cancer tissues. Nodes that have zero degrees value were excluded.
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BP:collagen catabolic process
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CC:proteinaceous extracellular matrix

MF:serine-type endopeptidase activity

BP:extracellular matrix disassembly

CC:extracellular exosome

MF:retinol dehydrogenase activity

BP:collagen fibril organization

CC:extracellular matrix

MF:extracellular matrix binding

A B

Log2 (fold change)

Figure 4 Functional enrichment analyses and level expression of seven differently expressed collagen genes in gastric cancer. (A) Top five enriched Go-terms for COL10A1,

COL1A1, COL1A2, COL3A1, COL4A1, COL5A2, and COL6A3. (B) Heatmap showed all of these seven collagen genes were upregulated significantly in gastric cancer

among four GEO dataset.
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COL4A1. In accordance with the results obtained from the

GEO dataset, patients with a high-risk score had a poor

prognosis (Figure 9C). Subsequently, ROC analysis based

on in-house data was conducted to further investigate the

ability of COL1A1 and COL4A1 in GC prognosis. As

shown in Figure 9D, the risk score calculated by

COL1A1 and COL4A1 could distinguish tumor tissues

from the non-tumor tissues with AUG of 0.811. It indi-

cated that COL1A1 and COL4A1 excelled at differentiat-

ing between tumor and non-tumor tissues.

COL1A1 and COL4A1 are regulated by

microRNA-29c-3p in GC
Survival analysis for 876 GC patients from KM-plotter

database showed that high expression of COL10A1,

COL1A1, COL1A2, COL4A1, and COL6A3 indicated

poor prognosis. To reveal the upstream regulatory

mechanisms involving these five candidate collagen

genes, we investigated microRNAs that might target

COL10A1, COL1A1, COL1A2, COL4A1, and COL6A3.

We identified three members of the microRNA-29 family

(microRNA-29a-3p, microRNA-29b-3p, and microRNA-

29c-3p) that could potentially target COL10A1, COL1A1,

COL1A2, COL4A1, and COL6A3 (Figure 10A). From

TCGA-STAD data, only microRNA-29c-3p levels were

found to be lower in tumor tissues (Figure 10B).

As mentioned earlier, only survival results for COL1A1

and COL4A1 were consistent among the 876 patients (from

the KM-plotter database) and TCGA-STAD. Therefore, we

confirmed the regulatory effects of microRNA-29c-3p only

on COL1A1 and COL4A1 in vitro. In BGC-823 cells, the

upregulation of microRNA-29c-3p significantly reduced

mRNA and protein levels of COL1A1 and COL4A1

(Figure 11A and B). Dual-luciferase reporter assays indi-

cated that microRNA-29c-3p directly binds to the 3′-UTRs

of COL1A1 and COL4A1 (Figure 11C and D).

Expression of COL1A1 and COL4A1 is

involved with proliferation of GC cells
To reveal the role of COL1A1 and COL4A1 on GC cells

we performed proliferation assay in vitro. First, we inves-

tigated the proliferation changes after microRNA-29c-3p

mimics transfection, as shown in Figure 12A, upregulation

of microRNA-29c-3p inhibited the proliferation of BGC-

823 cells. Then, we found that regulation of COL1A1 and

COL4A1 had an effect on the proliferation of GC cells.

COL1A1 and COL4A1 knock-down inhibited cells prolif-

eration, meanwhile, overexpression of COL1A1 and

COL4A1 promoted proliferation (Figure 12B and C).

Discussion
Over the last decades, great efforts have been made to

provide novel understanding involving the early diagnosis,

targeted therapy, and prognostic evaluation of GC.10,11

However, the overall survival time of GC patients remains

unfavorable, particularly in some developing

countries.12,13 Advances in high-throughput technology

provide new opportunities to better understand the mole-

cular mechanisms underlying GC, which prolong the long-

term survival of GC patients. Several public databases,

such as GEO, TCGA, and Oncomine (https://www.onco

mine.org) are available to access high-throughput data (eg,

mRNA profiles, non-coding RNA profiles, SNPs, and

DNA methylation status) obtained from large numbers of
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Table 1 Association between clinicopathologic characteristics and COL1A1 and COL4A1 expression

COL1A1 expression χ2 P-value COL4A1 expression χ2 P-value

High (n=29) Low (n=29) High (n=31) Low (n=27)

Sex

Male 18 14 1.356 0.244 20 12 2.351 0.125

Female 11 15 11 15

Age

<60 years 8 13 1.866 0.172 10 11 0.450 0.503

≥60 years 21 16 21 16

Tumor location

Cardia 14 12 0.279 0.597 15 11 0.211 0.646

Non-Cardia 15 17 16 15

Tumor size

<4 cm 9 12 0.672 0.412 11 10 0.015 0.902

≥4 cm 20 17 20 17

Histological differentiation

Moderate 12 13 0.070 0.791 15 10 0.758 0.384

Poor 17 16 16 17

Depth of invasion

T1 9 16 3.445 0.063 9 16 5.376 0.020

T2-T4 20 13 22 11

Lymph node metastasis

No 8 18 6.971 0.008 10 16 4.254 0.039

Yes 21 11 21 11

TNM stage

I+II 8 17 5.695 0.017 9 16 5.376 0.021

III+IV 21 12 22 11
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GC patients and make it easier to perform integrated

analyses in a cross-cohort manner.14

In the present study, four microarray datasets were

analyzed to establish the expression profiles of genes

involved in GC. With a threshold of absolute fold change

of >2.0 and P<0.05, DEGs in the tissues of GC patients in

each cohort were identified. After overlap, 76 DEGs were

selected. Among these 76 DEGs, some genes were typi-

cally reported in previous studies. About expression

changes of these representative genes, our results were

consistent with previous studies. For example, IGF2BP3

was described as oncogene in numerous cancers including

gastric cancer.15,16 Zhou et al performed expression micro-

array analysis in GC cell lines and found that IGF2BP3

upregulated significantly in GC cells.17 In the present

study gene function investigations, including GO and

KEGG pathway analysis, were conducted for the selected

DEGs to identify novel candidate genes that have greater

potential to play roles in the process of GC. Among the 76

DEGs, seven genes (COL10A1, COL1A1, COL1A2,

COL3A1, COL4A1, COL5A2, and COL6A3) from the col-

lagen gene family were upregulated in tumor tissues. GO

and KEGG pathway analysis indicated that these seven

collagen genes were enriched in ECM-related functions or

pathways. ECM is the most essential component of the

tumor microenvironment and is involved with both the

growth and the migration of tumor cells.18 Moreover,

PPI analysis based on data from the STRING database

showed that these collagen genes represent nodes of

a high value in protein networks. Therefore, we believe

that further studies on these seven collagen genes are

required. Survival data from 876 GC patients were ana-

lyzed, which revealed that patients with higher COL1A1,

COL1A2, COL4A1, COL6A3, and COL10A1 levels had

poor prognoses. To reinforce this evidence, we performed

a similar analysis using clinical data from TCGA-STAD.

However, from TCGA-STAD data, only COL1A1 and

COL4A1 showed significant association with survival

rates of patients. One reason for this may be that using

the median values of these genes as cut-offs may not be

the best choice. If we use the third quartile of gene expres-

sion levels as the cut-off value, then we may establish

more consistent results. In short, we support that most of

these seven collagen genes could be indicative of the
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prognosis of GC patients. However, to establish more

reliable results, we focused only on COL1A1 and

COL4A1 for detailed study. Furthermore, we validated

the results that we obtained from public datasets in one

of our in-house GC cohorts. As expected, COL1A1 and

COL4A1 were overexpressed in tumor tissues, and higher

expression levels of these genes indicated lower survival

rates. We also found that expression of COL1A1 and

COL4A1 was involved with several clinical parameters,

such as TNM staging, lymph node metastasis, and tumor

invasion depth. This explains why COL1A1 and COL4A1

can be used to indicate the prognosis of patients.

Moreover, a ROC curve of risk score calculated by

mRNA level of COL1A1 and COL4A1 indicated that

these two genes might become a diagnostic marker of

GC when used in combination with each other.

Previous studies have already reported the different roles

of collagen genes in various cancers. Interestingly, most such

studies have indicated that the higher expression of collagen

genes facilitates cancer cell proliferation and tumorigenesis.
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For example, Liu et al showed that COL1A1 levels are

significantly increased in cervical cancer tissues and inhibit

apoptosis induced by radiation in such cells.19 The high

expression of COL1A1 was also observed in colorectal can-

cer and is regarded as a potential diagnostic biomarker and

a promising therapeutic target.20 Su et al reported that target-

ing COL3A1 can suppress growth and metastasis in renal cell

carcinoma.21 A bioinformatics analysis-based study showed

that COL4A1 can induce trastuzumab resistance in GC.22 In

lung adenocarcinoma, COL5A1 may contribute to

metastasis.9

Previous studies have shown that microRNAs had effect

on cancer cells by targeting collagen genes in. However,

these studies only focused on a single member of the collagen

gene family. For instance, Zhu et al found that microRNA-

196b-5p suppresses cell proliferation and metastasis in breast

cancer by targeting COL1A1.23 In our study, we found the

expression of seven collagen genes to be simultaneously

elevated in GC tissues. Therefore, we hypothesized that

these seven collagen genes are regulated in a common man-

ner. microRNA target identification tools indicated that three

members of the microRNA-29 family, namely, microRNA-

29a-3p, microRNA-29b-3p, and microRNA-29c-3p, could

bind to COL10A1, COL1A1, COL1A2, COL4A1, and

COL6A3. According to clinical data from TCGA-STAD,

only microRNA-29c-3p is decreased in GC tissues.

Therefore, only the regulatory effect of microRNA-29c-3p

was confirmed in vitro. In BGC-823 cells, we found

microRNA-29c-3p reduced COL1A1 and COL4A1 mRNA

and protein levels. The abnormal expression of collagen

genes may be caused by the alteration of microRNA-29c-

3p activity. As a regulatory hub, microRNA-29c-3p may be

useful in collagen gene-targeted treatment. In vitro prolifera-

tion assay showed that COL1A1 and COL4A1 have effect on

the proliferation of GC cells. This evidence supported the

clinical survival data obtained from GC cohorts. A limitation

of our study was that we did not investigate functions of

COL1A1 and COL4A1 in GC cells excepting proliferation

assay.

Conclusion
We demonstrated that a panel of collagen genes is overex-

pressed in GC. Among these, COL1A1 and COL4A1 were

closely associated with the overall survival of GC patients

and could be regarded as risk factors for poor prognosis.

COL1A1 and COL4A1 were involved with defined clinical
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parameters, including TNM staging, lymph node metastasis,

and tumor invasion depth, in GC patients. This indicates that

COL1A1 and COL4A1 may participate in the metastatic

behavior of GC. The panel of collagen genes, particularly

COL1A1 andCOL4A1, may be regulated bymicroRNA-29c-

3p. In conclusion, we suggest that collagen genes play crucial

roles in the progression of GC and may be utilized for

diagnosis and therapy.
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Supplementary material

Table S1 Overlapping different expressed genes between tumor and non-tumor tissues among four GEO gastric cancer-related dataset

Gene symbol Log 2 fold change (Tumor tissue/Non-tumor tissue) Average Log2 fold change

GSE13861 GSE27342 GSE54129 GSE63089

GIF −7.02 −3.66 −4.66 −4.15 −4.87

GKN1 −5.90 −2.70 −5.97 −3.61 −4.54

ATP4A −7.01 −3.76 −3.31 −3.41 −4.37

CST1 3.67 6.86 3.04 3.77 4.33

LIPF −6.82 −2.56 −2.94 −3.10 −3.85

KCNE2 −4.82 −2.94 −3.03 −2.93 −3.43

CPA2 −4.44 −3.50 −1.92 −3.54 −3.35

TFF2 −4.33 −2.18 −3.88 −2.69 −3.27

SST −3.01 −2.66 −5.27 −2.12 −3.26

PSCA −4.64 −2.44 −3.09 −2.08 −3.06

SCGB2A1 −2.86 −2.33 −5.28 −1.04 −2.88

VSIG1 −3.11 −1.77 −4.46 −1.99 −2.84

PGC −4.26 −1.65 −3.45 −1.86 −2.80

SOSTDC1 −2.41 −2.01 −4.31 −2.22 −2.74

ANXA10 −3.77 −1.57 −3.63 −1.66 −2.66

FBP2 −2.11 −3.82 −2.68 −1.89 −2.63

SFRP4 1.80 1.92 3.76 2.83 2.58

CHGA −4.90 −2.56 −1.19 −1.64 −2.57

CAPN9 −3.14 −1.65 −4.29 −1.17 −2.56

GC −2.45 −2.82 −3.08 −1.71 −2.51

ADH7 −2.51 −2.08 −3.21 −2.00 −2.45

VSIG2 −2.86 −1.75 −3.61 −1.43 −2.41

KRT20 −2.21 −1.42 −4.87 −1.11 −2.40

CA2 −2.81 −1.59 −3.21 −1.97 −2.39

CLDN1 2.94 2.37 1.63 2.52 2.37

SULF1 2.12 1.66 3.56 2.06 2.35

THBS2 2.12 1.59 3.79 1.87 2.34

TMED6 −2.84 −1.88 −2.73 −1.65 −2.28

FAP 1.51 1.76 3.28 2.50 2.26

SPP1 1.88 2.16 2.36 2.41 2.20

COL1A1 2.16 1.82 2.48 2.31 2.19

CA9 −2.61 −1.82 −2.92 −1.42 −2.19

THY1 2.17 1.66 2.74 2.19 2.19

ADH1C −2.43 −1.19 −3.81 −1.13 −2.14

HPGD −2.51 −1.16 −3.63 −1.18 −2.12

SULT2A1 −2.28 −3.09 −1.18 −1.73 −2.07

MMP7 1.81 2.15 1.65 2.55 2.04

CTHRC1 1.61 1.80 3.52 1.23 2.04

BGN 1.55 1.83 2.99 1.75 2.03

CLDN3 2.63 2.23 1.62 1.47 1.98

FAM3B −1.69 −1.24 −3.80 −1.13 −1.96

COL10A1 1.95 2.07 2.60 1.16 1.95

MMP3 2.08 2.05 1.27 2.24 1.91

COL1A2 1.74 1.33 2.66 1.92 1.91

RDH12 −1.77 −2.08 −2.52 −1.08 −1.86

GSTA1 −2.45 −1.87 −1.44 −1.24 −1.75

COL6A3 1.67 1.16 2.60 1.58 1.75

(Continued)
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Table S1 (Continued).

Gene symbol Log 2 fold change (Tumor tissue/Non-tumor tissue) Average Log2 fold change

GSE13861 GSE27342 GSE54129 GSE63089

RARRES1 1.64 1.21 2.79 1.25 1.72

MAP7D2 −1.03 −1.26 −3.52 −1.06 −1.72

KLK11 −1.35 −2.31 −1.96 −1.16 −1.70

SLC26A9 −1.05 −1.46 −2.90 −1.36 −1.69

SCNN1B −1.69 −1.68 −2.21 −1.20 −1.69

TIMP1 1.46 1.26 2.06 1.97 1.69

AKR7A3 −2.09 −1.29 −2.00 −1.24 −1.65

PIK3C2G −1.35 −1.26 −2.61 −1.34 −1.64

CXCL1 1.21 1.68 1.93 1.44 1.56

COL3A1 1.24 1.36 1.57 1.96 1.53

OLFML2B 1.10 1.22 2.50 1.31 1.53

COL5A2 1.52 1.34 1.74 1.46 1.52

COL4A1 1.41 1.08 2.33 1.18 1.50

LTF −1.63 −1.30 −2.01 −1.06 −1.50

PLAU 1.27 1.71 1.45 1.49 1.48

TNFRSF11B 1.38 1.91 1.07 1.48 1.46

LIFR −1.66 −1.46 −1.17 −1.49 −1.44

DNER −2.27 −1.42 −1.03 −1.03 −1.44

SERPINH1 1.44 1.16 1.77 1.30 1.42

IGF2BP3 1.61 1.44 1.20 1.24 1.37

KLK6 1.12 1.83 1.21 1.31 1.37

CDH11 1.15 1.17 1.84 1.27 1.36

ECT2 1.09 1.29 1.01 2.00 1.35

NRG4 −1.69 −1.09 −1.05 −1.49 −1.33

CDH3 1.27 1.68 1.17 1.15 1.32

PDGFRB 1.12 1.00 1.98 1.01 1.28

SULF2 1.31 1.19 1.40 1.15 1.26

FABP4 −1.62 −2.29 1.08 −1.37 −1.05

MYOC −1.28 −2.16 1.21 −1.94 −1.04
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