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High expression of collagen 1A2 promotes the proliferation and
metastasis of esophageal cancer cells
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Background: To undertake a bioinformatics analysis to identify abnormally expressed genes [also referred
to as differentially expressed genes (DEGs)] and their functions in esophageal carcinoma (ESCA).
Methods: DEGs (i.e., GSE100942, GSE17351, GSE26886, and GSE77861) were obtained from a gene
expression omnibus database. Gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG)
analyses were performed using online tools from the Database for Annotation, Visualization and Integrated
Discovery. A protein-protein interaction network was then constructed based on the Search Tool for the
Retrieval of Interacting Genes website. Cytoscape software was used to identify the top 20 DEGs located in
the central region of the network. For the overall survival analysis, a Kaplan-Meier analysis was conducted
of the Gene Expression Profiling Interactive Analysis website, and collagen (COL) 1A2 was selected to detect
the molecular mechanism of COL1A42-small interfering ribonucleic acid (siRNA) in the following ESCA cell
lines: Ecal09 and TE-1. Next, the expression of COLIA2-messanger ribonucleic acid was determined using
real-time quantitative polymerase chain reaction. The expression of COLIA2 was also verified by Western
blot. Cell proliferation was measured by colony-forming and MTT assays, and migration and invasion by the
transwell assay.

Results: Based on the GEO database and screening out the hub gene, we identified that COLI1A2 was
abnormally expressed in ESCA. With a series of in vitro experiments, the expression of COLI1A2 was defined
as higher in Ecal09 and TE-1.

Conclusions: COL1A2 was highly expressed in ESCA tissue samples. Additionally, the proliferation and
metastasis of Ecal09 and TE-1 cell lines were significantly attenuated by siRNA-COLI1A2-mediated small
interference. Notably, the expression level of COLIA2 was obviously related to the Akt and epithelial-
mesenchymal transition (EMT) pathways.
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Introduction adenocarcinoma (EAC) and esophageal squamous cell
carcinoma (ESCC). ESCA mainly manifests as EAC in

western countries, and ESCC in Southeast Asian countries,

Esophageal carcinoma (ESCA) is one of the most common
cancers in the world. Among malignant tumors, the incidence
and mortality rates of ESCA rank eighth and sixth (1). including China (2,3). Many factors, such as smoking,
There are two types of esophageal cancer: esophageal drinking, and chewing betel nut, contribute to ESCA. For
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example, an insufficient intake of fruits and vegetables,
which leads to low antioxidant levels and vitamin deficiency,
also promotes the development of ESCA (4). However, the
pathogenesis of ESCA is not yet fully understood. ESCA
has a poor prognosis and a high mortality rate. Currently,
surgical resection is the major and only recognized method
for the early treatment of ESCA. Unfortunately, up to
75% of ESCA patients cannot be treated effectively due to
distant metastasis, and the 5-year overall survival rate is only
30% (5). Many patients were diagnosed when they begin
to eat and find it difficult to swallow; however, by this time,
the best opportunity for surgical treatment has normally
passed. Thus, to improve the survival time and quality of
life of patients with advanced and post-operative ESCA,
tumor-related differential genes need to be identified as
biomarkers to create targeted drugs of higher efficacy.

Type I collagen (COL), which harbors two CYP1 chains
(COL1A1) and a single CYP2 chain (COL1A42) (6,7), has
unique biochemical and biomechanical properties. Some
study has proved that genetic polymorphism of COL1A2 is
related to susceptibility for hepatocellular carcinoma (8,9). It
is a proximal structure that must be destroyed for epithelial
tumor cells to invade and migrate. Increasing evidence has
shown that COL1A2 is downregulated in many malignant
tumors, including head and neck cancer, bladder cancer and
malignant melanoma (10), but upregulated in liver, ovarian
and pancreatic cancer. Thus, it can be regarded as a potential
diagnostic and prognostic marker for these tumors (9,11,12).
The differential expression of COL1A2 may cause different
collagen-mediated effects in human malignant tumors. To
date, no study appears to have examined the relationship
between COL1A2 expression and ESCA. In this paper, we
connected with studies of multi-center by multi-microarray
analysis, and verified these results by The Cancer Genome
Atlas (TCGA) database. Additionally, we searched for the
biological impact of COL1A2 at the cellular level in vitro.
In short, we describe the expression of COLIA2 and its
molecular mechanism in ESCA.

We present the following article in accordance with
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-7867).

Methods
Collection of microarray data

The expression profiles of GSE100942, GSE17351,
GSE26886, and GSE77861 in 35 normal esophageal tissue
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samples and 25 ESCA tissue samples were extracted from
the Gene Expression Omnibus (GEO) database of the
National Center for Biotechnology Information (https://
www.ncbi.nlm.nih.gov/geo/) based on the GPL570
platform. We then integrated four sets of raw data, and used
a robust multi-array average and SVA software package to
preprocess and remove the batch effect (13,14). llogFCl >1
and P<0.05 were used as the as the cut-off values. A total of
414 differentially expressed genes (DEGs) were identified
in the ESCA tissue samples, and compared with normal
esophageal tissue samples using the limma package from the

R programming language (15).

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) analyses

An online annotation visualization tool and an integrated
discovery database (i.e., Database for Annotation,
Visualization and Integrated Discovery (DAVID), https://
david.nciferf.gov/) were used to demonstrate the functions
of the DEGs. These DEGs were further subjected to GO
and KEGG analyses. A P<0.05 indicated enrichment.

Protein-protein interaction (PPI) network construction

The Search Tool for the Retrieval of Interacting Genes
(STRING) (http://string-db.org) database was used
to evaluate gene interactions. These interactions were
visualized using Cytoscape application software (16,17).
The top 20 hub genes located in the central region of the
network were identified.

The Cancer Genome Atlas (TCGA) and the Genotype-
Tissue Expression (GTEx) databases were used to
identify the hub genes for the survival analysis. The Gene
Expression Profile Interactive Analysis (GEPIA, http://
gepia.cancer-pku.cn/index.html), a mature network that uses
standard processing pipelines, was employed to analyze the
expression data of DEGs. Ultimately, 9,736 tumor samples
and 8,587 normal samples were identified in TCGA and the
GTEx databases that were then examined for DEGs in the
survival analysis (18).

Tissue samples

In this study, we recruited 33 ESCA patients who had
undergone esophageal cancer surgery at The First Affiliated
Hospital of Soochow University between January 2019 and
January 2020. Samples of cancerous tissues and adjacent
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tissues from these patients were collected and immediately
stored in liquid nitrogen (all were single disease cases;
no patients received neoadjuvant chemoradiotherapy
before surgery). All procedures performed in this study
involving human participants were in accordance with the
Declaration of Helsinki (as revised in 2013). All participants
signed written informed consent forms, and the study was
approved by the Ethics Committee of The First Affiliated
Hospital of Soochow University (2018011).

Cell lines

Human ESCA cell lines Ecal09, TE-1, TE-14, kyse30 and
kyse450 were purchased from Shanghai Institute of Cell
Biology (Chinese Academy of Sciences, Shanghai, China).
All the cells were cultured at 37 °C in an environment
containing 5% carbon dioxide (CO,). Ecal09, TE-1,
and TE-14 cells were maintained to grow in a Dulbecco
modified Eagle medium (DMEM), and kyse30 and kyse450
cells were then grown in a RPMI-1640 medium (Gibco,
Carlsbad, CA, USA), both of which were supplemented
with 10% fetal bovine serum (FBS).

Cell transfection

Ecal09 and TE-1 cells were seeded in 96 well plates, and
then divided into the following two groups: the COL1A42-
small interfering ribonucleic acid (siRNA) group and the
negative control (NC) group (GeneChem, Shanghai,
China). In accordance with the manufacturer’s instructions,
500 ng plasmids were transfected to cultured Ecal09 and
TE-1 cells with 2.5 pL Lipofectamine 3000 (Invitrogen,
Carlsbad, CA, USA). The experiment was performed in
triplicate. After a 6-hour incubation, the medium was
replaced by 10% FBS (fresh medium).

RNA extraction and RT-gPCR

Total cellular ribonucleic acid (RNA) was extracted
from tissues and cells using TRIzol reagent (Invitrogen,
California, USA). SYBR Green II (takara, Tokyo,
Japan) was used to detect RNA expression. COL1A2
and glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) primers were provided by GenePharma
(Shanghai, China). The 2™*“ method was used to analyze
the data. The primer sequences of COLIA2 were as
follows: F: 5'-GAGACCCTTCTTACTCCTGAA-3";
and R: 5'-GTGATGTTCTGAGAGGCATAG-3".
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The GAPDH primer sequences were as follows: F:
5'-GACTCATGACCACAGTCCATGC-3"; and R:
5'-AGAGGCAGGGATGATGTTCTG-3".

Cell proliferation

In accordance with the manufacturer’s instructions, cell
viability was measured using a M'T'T Kit (IM0280, Solarbio)

for analyzing cell proliferation.

Cloning steps

Transfected Ecal09 and TE-1 cells were seeded in
6-well plates at a density of 1x10’ cells/well, NC-siRNA
and COL1A2-siRNA groups were incubated in DMEM
containing 10% FBS for 14 days. The samples were then
fixed with ice-precooled formaldehyde for 30 minutes,
stained with crystal violet for 1 minute, and counted.

Wound bealing assay

Cells were seeded into six-well plates and cultured to a
density of 90%. Then, a line wound was made by scraping
a 200 pL tip across the confluent cell layer. After being
washed with PBS, the cells were cultured in serum-free
RPMI-1640 medium. Wound closure was visualized in five
random fields using a high-power microscope (x100) after
48 h of culture.

Transwell assay

A transwell chamber (diameter 8 pm, Corning, NY, USA)
was used to evaluate the migration of Ecal09 cells and
TE-1 cells. 5x10* transfected cells were inoculated into the
upper chamber, and a medium supplemented with 10%
FBS was added to the lower chamber. After 24 hours of
culturing at 37 °C and 5% CO,, the samples were fixed for
30 minutes with ice-precooled formaldehyde and stained
with crystal violet for 1 minute at room temperature. The
cells on the upper surface of the polycarbonate membrane
were removed with a cotton swab. To evaluate the migrative
ability, the cell count was performed under a high-power
microscope (x100), and at least three randomly selected
microscopic fields were counted.

The Matrigel invasion chamber (BD Biosciences, San
Jose, CA, USA) was used to determine the invasive ability
of the cells. 1x10° cells were inoculated into the upper
chamber that contained the Matrigel and DMEM without
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10% FBS. 500 pL of DMEM supplemented with 10% FBS
was added to the lower chamber. After an incubation period
of 72 hours at 37 °C and 5% CO,, the cells were fixed for
30 minutes with ice-precooled formaldehyde at room
temperature and stained with crystal violet for 1 minute.
Next, a cotton swab was used to wipe off the non-invading
cells. The number of cells invading the inferior chamber
was recorded under a high-power microscope (x100). The
experiment was repeated three times.

Western blot

The cells were lysed by a radioimmunoprecipitation assay
buffer (Epizyme Biotech, Shanghai, China), and the protein
concentration was determined by a bicinchoninic acid assay
test (Epizyme Biotech, Shanghai, China). Western blotting
and the bio rad ChemiDoc MP imaging system (Hercules,
CA, USA) were used in accordance with the manufacturer’s
instructions. COLIA2 (1:1,000, yb-16835r, YBscience,
Shanghai, China) was the first antibody used. GAPDH was

used as the control.

Data statistics

In this study, SPSS 19.0 software (IBM, USA) was used for
the statistical analysis, and each experiment was repeated
at least three times. The data were expressed as mean =
standard deviation. A student’s #-test was used to estimate
the differences between the groups. The listed data were
expressed in percentages or ratios and checked by a chi-
squared test. A value of P<0.05 was regarded as statistically
significant.

Results
Identification and envichment analysis of DEGs

After the pre-treatment and the removal of batch effects,
the DEGs (i.e., GSE100942, GSE17351, GSE26886, and
GSE77861) were analyzed using a limma software package
(see Figure 1A4). Using a P<0.05 and |logFCI >1 as the
cut-off values, 414 DEGs were identified in the ESCA
tissues, including 120 upregulated and 294 downregulated
DEGs. According to the value of 1logFCI, the volcano
map showed that the red-labeled genes (upregulated) and
the green-labeled genes (downregulated) (see Figure 1B).
The DAVID tool was used for the GO and KEGG analyses
(P<0.05). The results of the GO analysis showed that the
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DEGs were significantly enriched in exosomes, extracellular
spaces, and extracellular regions (see Figure 1C). The
results of the KEGG analysis showed that the DEGs
were mainly enriched in the PI3K-Akt signaling pathway,
the extracellular matrix (ECM)-receptor interaction, and
protein digestion and absorption (see Figure 1D).

PPI network analysis, validation of differences and
survival analysis in GEPIA

Using the STRING website, a PPI network of 414 DEGs,
including 240 nodes and 532 edges, was constructed
(see Figure 2A4). This network was further visualized
using Cytoscape software, and 20 hub genes located in
the network center were identified (see Figure 2B,C).
The top 11 DEGs underwent a differential and survival
analysis on the GEPIA website. The results showed that
the expression of COLIAI, COL1A2, COL3A41, COL4Al,
COL4A2, COL5SA1, COL5SA2, COL6A3, COL10AI,
COL11A1, and SERPINH1 was significantly higher in
cancer tissues than normal tissues (P<0.05). The disease-
free survival (DFS) rate of low-risk groups of COLIAI,
COL1A2, COL3A1, COL5A2, COL6A3 was significantly
higher than the DFS rate of high-risk groups (P<0.05), and
the overall survival (OS) rate of low-risk groups COL4A1
group was also higher than the OS rate of high-risk group
(P<0.05) (see Figure 2D).

Expression of COL1A2 in tissues and cells

We found that the expression level of COLIA2 in cancer
tissues was higher than that in normal tissues (P<0.05) in
the four groups of GSE100942, GSE17351, GSE26886,
and GSE77861 (see Figure 34). In the 10 pairs of cancer
tissue and adjacent tissue samples, the expression level of
COLIA?2 in cancer tissues was significantly higher than that
in adjacent tissues (see Figure 3B,C). Clinical data suggested
that the expression of COLI1A2 was significantly correlated
with pathologic stage and tumor type (P<0.05) (see
Table 1). Among the selected ESCA cell lines Ecal09, TE-1,
kyse30, kyse450, and TE-14, COL1A42 showed the highest
expression in Ecal09 and TE-1 cells (see Figure 3D). Thus,

these cell lines were selected for the next experiment.

The expression level of COL1A2 affected the proliferation,
migration and invasion of cells

To determine the effect of COLIA2 knockout on cellular
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Figure 1 Differentially expressed genes (DEGs) identified in GSE100942, GSE17351, GSE26886, and GSE77861. (A) Heatmap of the 414
DEGs according to the value of [logFCl; (B) volcano map of differently expressed genes between esophageal carcinoma (ESCA) tissues
and normal esophageal tissues; (C) the top 10 Gene Ontology (GO) terms in the enrichments analysis of the DEGs; (D) the top 10 GO and
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways in the enrichment analysis of the DEGs.

processes, real-time quantitative polymerase chain reaction
(RT-gqPCR). and Western blot were performed. The results
showed that the messenger ribonucleic (nRNA) and protein
levels of COLIA2 in Ecal09 and TE-1 cell lines were

© Annals of Translational Medicine. All rights reserved.

significantly inhibited (P<0.05) (see Figure 44, Figure S1).
The MTT assay showed that the proliferation of ECA109
and TE-1 cells was inhibited by COL1A42-siRNA (P<0.05)
(see Figure 4B,C), and the colony count of the COL1A2-
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Figure 2 Differential expression and survival curves of the top 20 hub genes. (A) PPI network of differentially expressed genes (DEGs) based
on the Search Tool for the Retrieval of Interacting Genes (STRING) website; (B) the top 20 hub genes were visualized on the Cytoscape

application, and the scores (C) were performed; (D) differential expression and survival curves.

siRNA group was significantly lower than that of the (see Figure S2). The results of migration test showed that
siRNA-NC group (P<0.01) (see Figure 4D). To examine the the migratory cells in the COL1A2-siRNA group were less
effect of COL1A2 on invasion and migration, we performed than those in siRNA-NC group (P<0.01) (see Figure 5A4,B).
wound healing assay, transwell and Matrigel assay. The In the invasion test, the invasive cells in COLIA2-siRNA
wound-healing ability of the COL1A2-siRNA group was group were also less than those in the siRNA-NC group
obviously less than that of the siRNA-NC group (P<0.01) (P<0.01) (see Figure 5C,D). Additionally, COL1A2-siRNA
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Figure 3 Expression of COLIA?2 in tissue and cell lines. (A) In four sets of microarray data, GSE100942, GSE17351, GSE26886, and
GSE77861, the expression of COLIA2 was higher in cancer tissues than in normal tissues (P<0.05); (B,C) in clinical samples, the mRNA
expression of COL1A2 was significantly lower in normal tissues than in tumor tissues; (D) the expression of COLIA2 in cell lines Ecal09,

TE-1, Ec5, Ec6, and TE-14. *, P<0.05; **, P<0.01, ****, P<0.0001.

was found to change the protein content of p-Akt and
vimentin (S1). In conclusion, the low expression of COL1A2

significantly reduced the migration and invasion of Ecal09
and TE-1 cells.

Discussion

The incidence of ESCA in China remains significantly
higher than that in western countries; however, great
progress has been made in its treatment (4). Surgery, medical
radiotherapy, chemotherapy, and emerging gene detection

© Annals of Translational Medicine. All rights reserved.

targeted therapy are used to treat ESCA (19). However,
these treatments may result in some side effects, such as
esophageal anastomotic leakage, anastomotic stenosis,
infection, and other post-operative complications (20).
In relation to targeted therapy, drugs are limited and
some are ineffective, especially for ESCC (21). This study
explored the expression of COL1A2 and its cellular pathways
in ESCA with the aim of finding a new therapeutic target.
Using the GEO, TCGA, and GTEx databases, and
undertaking GO and KEGG analyses of the PPI network,
the DEGs in ESCA were identified. COLIA2 located in
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Table 1 Expression of COL1A2 according to patients’ clinical features

Li et al. The function of COL1A2 in ESCA

COL1A2 mRNA expression

Factors P value
High (n=26) Low (n=26)

Gender 0.095
Male 17 11
Female 9 15

Age(years) 0.271
>50 6 3
<50 20 23

Tumor size (cm) 0.336
>5 8 5
<5 18 21

Lymph node metastasis 0.011*
Positive 7 16
Negative 19 10

Differentiation 0.010*
Good/moderate 15 6
Poor 11 20

*, P<0.05.

the center of the network was identified as a hub gene for
turther study. COLIAI and COLIA2 are two types of type
I COL (22). Some research has shown that the COL1AI
promoter region was methylated in renal cell carcinoma
and hepatocellular carcinoma (23,24). However, the mRINA
expression of COL1A1 and COLIA?2 increased in colorectal
cancer and concomitant tumors (25,26). In pancreatic
cancer, COL1A2 was also highly expressed (27). COL1A42
mRNA expression was also found to be downregulated in
melanoma (28). In esophageal cancer, miR-133a-3p was
negatively correlated with COL1AI. A large number of cell
functional experiments revealed that miR-133a-3p could
directly target COLIAI and suppress its expression; thus,
inhibiting proliferation and metastasis, and promoting the
apoptosis of ESCC cells (29).

In the tumor microenvironment, ECM plays an
important role in the occurrence and development of
tumors. The activation of ECM is a marker for cancer cells
to form tumors. The major component of ECM is COL
(mainly type I COL. COL1AI and COLLA2, two subtypes
of type I COL, participate in the adhesion, proliferation
and differentiation of cancer cells (30,31). To date, most
research has focused on bone-related COL1A2, as the bone
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is a fertile soil for metastatic cancer cells. In pathological
conditions, once cancer cells enter the bone matrix, bone
matrix confusion and abnormal cell behavior occur. Tumor
invasion is greatly promoted because of interacting with
tumor microenvironment, while the integrity and kinetic
stability of ECM are destroyed (32). This is also consistent
with clinical findings that COL1A2 expression is related to
tumor staging.

Thrombospondin-1 (TSP1) can bind to cluster of
differentiation 36 receptors to inhibit angiogenesis,
and induce apoptosis (33). The Atlas of Genetics and
Cytogenetics in Oncology and Hematology specifically
states that endogenous TSP1 reduces the mRNA level of
COLI1A2. Thus, the increased angiogenesis in tissues T'SP1
may be caused by the overexpression of COLIA2 (34).
Thus, TSP1 may contribute to tumor growth.

This study had a number of limitations. The upstream
and downstream regulatory pathways of COL1A42 have not
yet been uncovered. Further, the specific component of
ECM that plays an important role in cancer progression and
metastasis needs to be identified. Other pathways involving
COLIA?2 in cancer cells should also be subject to further
study to explore its extra functions.
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In conclusion, COL1A42 was highly expressed in ESCA
tissue samples. Additionally, the proliferation and metastasis
of the Ecal09 and TE-1 cell lines were significantly
attenuated by siRNA-COLIA2-mediated small interference.
Further, the expression level of COL1A2 was obviously
related to Akt and EMT pathways.
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Figure S1 The protein levels of COLIA2 in Ecal09, and TE-1 cells after COL1A2-siRNA were examined through Western blot analysis.
GAPDH was the housekeeping gene used for normalization.
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Figure S2 The ability of wound-healing in Ecal09 (A) and TE-1 (B) cell lines after COL1A42-siRNA and NC-siRNA infection. Five

different fields of view were chosen randomly, and images were acquired at 100x magnification.
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