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Abstract: Background: Gastric cancer (GC) is one of the most common malignancies worldwide with a poor prog-
nosis due to the lack of early detection and effective treatments. As a biomarker, collagen type | alpha 1 (COL1A1)
is often dysregulated in some cancer types. However, the expression profile of COL1A1 and functional mechanism
in GC is still unclear. Methods: To screen for the different expression genes of GC vs. adjacent tissues, an RNA-seq
dataset containing 30 clinical samples and multi-omics datasets of 478 samples were obtained from Gene Expres-
sion Omnibus (GEO) and The Cancer Genome Atlas (TCGA) databases, respectively. Then the functional enrich-
ment analysis and survival analysis of dysregulated genes were performed. Furthermore, through constructing the
protein-protein interactive network, the function mode of COL1A1 was studied. Finally, a prognostic model was built
by least absolute shrinkage and selection operator (LASSO) Cox algorithm to assess the clinical value of COL1A1-
network. Results: Firstly, a total of 89 different expression genes (58 down-regulated and 31 up-regulated) that
appeared simultaneously in both GEO and TCGA datasets were detected and enriched in some functions regarding
the extracellular matrix. However, only 12 genes were significantly correlative with overall survival of GC patients.
Among them, ASPN, COL1A1, COL12A1, FNDC1, INHBA and MMP12 could form a network that might activate the
epithelial-mesenchymal transition (EMT) pathway. Meanwhile, a prognostic model containing ASPN and INHBA was
able to divide GC patients into 2 groups with different risks and predict 5-years survival accurately (AUC = 0.732,
95% Cl (0.619, 0.845)). Conclusion: COL1A1 is up-regulated in GC and may result in a poor prognosis with a higher
mRNA level. Moreover, the COL1A1-network may promote malignant metastasis via EMT pathway activation and act
as a prognostic marker.
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tumor cells are the main causes of GC recur-
rence and death, which also seriously affect the
therapeutic effect [8]. A better understanding
of the mechanism of GC carcinogenesis and
progression is significant for improving early
diagnosis and treatment efficacies. In addition,
the discovery of key molecules regulating the
invasion and metastasis of GC cells is condu-
cive to the design of targeted therapy to im-

Introduction

In China, about 380,000 new GC patients are
diagnosed annually. The incidence of GC ranks
NO. 3 among all malignant tumors [1]. Although
the incidence and mortality of GC have been
declining recently, GC remains one of the most
common and lethal malignancies [2, 3]. Al-
though chemo/radiotherapy and targeted ther-

apy have improved response rates, surgical
resection is the most curative therapy current-
ly. Due to the aggressive invasion, most pa-
tients are diagnosed in an advanced stage
without specific early-stage symptoms. Advan-
ced GC patients are generally incurable with a
poor prognosis. The 5-year survival rate is only
20% [4-7]. The invasion and metastasis of

prove the prognosis.

Recent evidence has proven that the aberrant
activation of epithelial-mesenchymal transition
(EMT) plays a crucial role in the genesis, inva-
sion and metastasis of various tumors [9, 10],
like GC [11]. EMT is a process with a transfor-
mation from epithelial cells into cells with mes-
enchymal phenotypes, characterized by lost
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Table 1. The clinical data of GC patients

According to the corresponding study

Age Median 43, Range 23-66

Gender  Male (n = 20), Female (n = 10)

Race Ethnic Han

Stage |5 (~17%); Il 8 (~27%); Il 11 (~37%); IV 6 (~20%)

[24], tumor and matched normal tissues
samples were obtained from the GC
patients at the Affiliated Hospital of
Xuzhou Medical University in 2014.

cellular polarity and adhesion while enhanc-
ing invasive and migratory properties. In GC
aggressiveness, the EMT was also an impor-
tant mode of responding to the tumor microen-
vironment. It might regulate malignant behav-
iors via EMT [12, 13]. A detailed investigation
into the role of EMT in GC could further our
understanding of GC initiation, invasion, and
metastasis.

Type | collagen (COL-1), found in most connec-
tive and embryonic tissue, is an important
member of the collagen family [14]. COL-1 has
the function of creating matrix structural skele-
tons and forms the interstitial portion of most
solid tumors [15]. Typically, type | collagen is
composed of 2 COL1A1 chains and 1 COL1A2
chain [16]. Recently, similar to the other colla-
gen family members, abnormal expression of
COL1A1 has been reported in various cancer
types [17-19], which was believed to be involv-
ed in carcinogenesis [20-22]. However, the reg-
ulation of COL1A1 in normal epithelium and
tumor lesions of the stomach was rarely men-
tioned. Although via gene set enrichment an-
alysis (GSEA) analysis, Zhao et al. [23] have
demonstrated that in GC, COL1A1 may regulate
the EMT pathway. The clinical significance and
mechanism of COL1A1 in GC remains unclear.
Meanwhile, the regulatory mode of COL1A1 in
the EMT pathway also need further study.

In the present study, high-throughput sequenc-
ing data of 15 pair’s of clinical samples (GC vs.
adjacent tissues) were analyzed. The differen-
tial expression genes were screened followed
by functional enrichment analysis. Through the
construction of the PPI protein interaction net-
work, the key pivotal proteins in GC were identi-
fied, which were also used to build a prognostic
model of GC and preliminarily explore the clini-
cal value and mechanism of COL1A1.

Methods
Sequencing datasets

The public GC sequencing dataset (GSE1189-
16) was obtained from the GEO database.
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These tissues were stored at 4°C until
full penetration of RNAlater into the tis-
sues and transferred to -80°C for storage. The
selection criteria were as follows: (1) The sub-
ject presented was diagnosed with GC and had
no history of other tumors; (2) Complete demo-
graphic and clinical data including age, gender,
clinical manifestations, tumor size, the extent
of resection, and date of relapse and/or death
have been collected. The legal surrogates of
those participants provided their written
informed consent. This study was approved by
the Medical Ethics Committee of the Affiliated
Hospital of Xuzhou Medical University. The
demographic and clinical features of the patient
were summarized in Table 1.

Additionally, the RNA-seq data of STADs from
the TCGA database were downloaded from the
NIH National Cancer Institute GDC Data Portal
(https://portal.gdc.cancer.gov/). Overall surviv-
al (0S) was identified from the diagnosis date
until death or the end of follow up.

Microarray data and enrichment analysis

Total RNA from cells and tissues was isolated
using Trizol extractions (Invitrogen). A total of
100 ng of total RNA was amplified using the
Ambion® WT Expression Kit (4411973, Life
Technologies). Then 5.5 pg of the cDNA was
fragmented and labeled with the GeneChip®
WT Terminal Labeling kit (901525, Affymetrix).
Libraries were sequenced on lllumina HiSeq
2500 using v3 chemistry. Followed by back-
ground deletion, quantile normalization, and
probe assembly. Differentially expression ge-
nes (DEGs) were detected [25]. The p-values
were adjusted for multiple comparisons using
the Benjamini-Hochberg procedure [26]. Genes
with adjusted p-value < 0.05 and |log FC| > 2.0
were considered as DEGs. Enrichment analysis
of DEGs was performed with DAVID [27]. The
enriched GO (BP: biological process; CC: cellu-
lar component; MF: molecular function) and
pathway terms were listed with participant
genes [28]. Some other databases used are
listed in Table 2.
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Table 2. List of database

were adjusted for multiple

Database ID URL

testing based on the false

GEO Dataset

https://www.ncbi.nlm.nih.gov/gds/?term=
TCGA https://www.cancer.gov/
Pathview https://pathview.uncc.edu/

discovery rate (FDR) accord-
ing to the Benjamini-Hoch-
berg method [31]. Proporti-
onal hazard assumptions we-

cBioportal of cancer genomics https://www.cbioportal.org/ re tested.

TCPA https://www.tcpaportal.org/tcpa/

DSA http://cancer.digitalslidearchive.net/ Statistical analyses

The Human Protein Atlas https://www.proteinatlas.org/ Available samples from TCGA
STRING https://string-db.org/ data were adequate because
GEPIA http://gepia.cancer-pku.cn/index.html sufficient power using equiva-
GO http://geneontology.org/ lent tests was observed in a
CAMOPI https://www.camoip.net/ previous study [32]. To test

The protein-protein interaction network con-
struction

The Retrieval of Interacting Genes (STRING
v10) was used to analyze the interactive rela-
tionships among DEGs and construct a protein-
protein interaction (PPl) network. Only experi-
mentally validated interactions with a combin-
ed score (> 0.4) were selected as significant
[29]. Cytoscape was used to construct the PPI
network and Gephi was used for network visu-
alization. The plug-in Molecular Complex De-
tection (MCODE) was used to select the prime
module from the PPI network. The p-values <
0.05 were considered to be significant.

Immunohistochemistry (IHC)

Before IHC staining, GC specimens and nor-
mal tissues were fixed with 10% formalin and
embedded with paraffin. IHC staining followed
a standard protocol to evaluate the expression
level of COL1A1 in human tissues. Staining
was graded on a scale of 0-3 according to the
intensity and the percentage of immune-posi-
tive cells.

Survival curves

Overall survival analyses were performed using
the R package survival [30], and the patients
were dichotomized based on the median ex-
pression. Kaplan-Meier estimator of survival
was used to construct the survival curves. Log-
rank tests (corresponding to a two-sided z test)
were used to compare overall survival between
patients in different groups. The hazard ratio
(HR) (95% confidence interval) was provided
for comparison of the two groups. The p-values
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for differential expression ac-
ross the two groups (tumor
and normal), the R package DESeq2 was used
on raw count data [33]. For comparison of two
patient groups, the two-sided Student’s t-test
and Wilcoxon-rank sum test was used. Distri-
butions of data are shown either as individual
data points, as box-and-whisker plots, or as vio-
lin plots. The p-values were adjusted according
to the Benjamini-Hochberg method.

Results
The DEGs of GC vs. adjacent tissue

Cell carcinogenesis is often accompanied by
abnormal regulatory modes of abundant genes
which can be reflected by transcriptome (MRNA
level). The transcriptomic difference analysis
between tumors and normal tissues is useful
for studying pathogenesis and screening novel
targets. To identify transcriptome differences
between GC and adjacent tissues, one RNA-
seq dataset containing 30 clinical samples
(GSE118916) was used for DEG screening. A
total of 204 down-regulated and 62 up-regulat-
ed genes were identified with the classical
thresholds (|log FC| > 2.0 and adjusted p-
value < 0.05). The top 10 significant up- and
down-regulated genes were marked with sym-
bols (eg. KRT20 and GUCY1A3) (Figure 1A). In
addition, the standard RNA sequencing reads
of each DEG in normal and GC tissues were
shown in a heatmap with the word. D2 cluster
analysis (Figure 1B).

However, 15 pairs of clinical samples were too
few to fully reflect the changes of gene expres-
sion profile in GC patients. In this study, the GC
patient transcriptome sequencing data from
the TCGA database were also analyzed for DEG
screening. A total of 845 DEGs were identified

Am J Transl Res 2023;15(3):1640-1653



The function of COL1A1 in GC

A . . C The Differentially Expressed Genes On Chromosomes
DMRgal ! 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 2 X N
SIG2 LNXL — L —
\SI("?( APNO 4 i L
151 SR a1 RP, EPBAED#BG i
FBXN13 FBP2 \! ' j— | i
R ' =
KRE20 CYP4X1 aoltixgl 6 489 ' — =
o o . gPXMPPRIR ¥ -
ES . K °%ppNS e :1 =
—~ e % o o8 = =
3 FENCRS - X IR g ! Grou
= 104 L R U £\ P
0 0y0 @ 8 Y —
i o ® Q;egqfﬁ sﬁ e °  Down-regulated =
= . % °° . Q:gg o ‘ESB BL ""‘L.QJI'“Y‘I".)‘A not-significant -
& ° 5 0, T an ol RGsa 68 CUCY1A3 =
L]; . oot f*‘?%iﬁ ‘:‘.:‘ }’X(_(’ o Up-regulated L
el ;yg o =
<l c et . PR oS o 80
s RN £ bRSee =0
. Qﬂ.%@ oy r
NI 3
) g =
! &
i s
_______________ el - S e - - — = = = - = Over-expressed Genes
] ! Under-expressed Genes
04 i i
| L
6 4 -2 0 2 4 The gene positions are based on GRCh38.p2(NCBI). 845 Genes.
]ogz(Fold Change)
5
Supun GEO TCGA

GSM3351248 0
GSM3351235
GSM3351242
GSM3351244 5
GSM3351240
GSM3351243
GSM3351239
GSM3351238

GSM3351237

226
) l female
GSM3351222 I male

GSM3351233

Gender

Group

2
;;; Normal tissue
SR STAD tissue

GSM3351220

Figure 1. The DEGs of GC vs. adjacent tissue. A. The volcano plot of DEGs in GSE118916. The red points represent up-regulated genes and the blue ones represent
down-regulated genes. The gray points represent genes without significant difference. B. The cluster heatmap of DEGs in GSE118916. The color shade represents
the gene expression level. The legend was listed on the right. C. The DEG positions on a sketch map of chromosomes based on TCGA. The red segments represent
up-regulated genes and the green ones represent down-regulated genes. D. The Venn diagram of GC DEGs in both GSE118916 and TCGA datasets.
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Figure 2. The overall survival curves of 12 DEGs. The red line represents the samples with a higher level of gene ex-
pression and the blue one represents the samples with a lower level, respectively. The legend was listed on the right.

with |log FC| > 2.0 and p-value < 0.05. The
DEGs positions in chromosomes are shown by
a sketch map based on GRCh38.p2 (Figure
1C). After comparison, a total of 89 DEGs
(58 down-regulated and 31 up-regulated) that
appeared simultaneously in both GEO and
TCGA datasets were regarded as the key genes
involved in GC pathology (Figure 1D). Followed
by function enrichment analysis, the down-reg-
ulated genes were enriched in 12 MF, 11 BP, 2
CC and 2 pathways like gastric acid secretion
(Eigure S1), while the up-regulated genes were
enriched in 15 MF, 89 BP, 13 CC and 6 path-
ways like cell migration (Eigure S2). The results
suggested that some DEGs may participate in
the GC process via these enriched functions.

The correlation between DEGs level and prog-
nosis

The main reference index for evaluating the
clinical application value of a gene is the corre-
lation between expression level and survival
time. Thus, the overall survival curves of 89
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DEGs were drawn. According to the expression
level of each gene, the samples were equally
divided into high and low expression groups (n
= 190). After analyzing, only 12 DEGs (ASPN,
C160rf89, CCKBR, COL1A1, COL12A1, DNER,
ETNPPL, FNDC1, GHRL, INHBA, KLK11 and
MMP12) were found to significantly affect prog-
nosis with different expression levels (p-value <
0.05) (Figure 2). Among them, only KLK11
(p-value =0.037) and MMP12 (p-value = 0.026)
may result in a worse prognosis with lower
expression levels, while the other genes have
the opposite trend (p-value < 0.05). In addition,
the level of FNDC1 (p-value = 0.0058) was the
most significantly correlative with prognosis.

In the carcinogenesis process, gene expression
alterations are often beneficial for cancer pro-
gression and lead to poor prognosis. Based
on both GEO and TCGA datasets, the ASPN,
COL1A1, COL12A1, FNDC1, INHBA and MMP12
were up-regulated while the others were down-
regulated when compared with normal tissue
(p-value < 0.05) (Figure 3). Combined with sur-
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Figure 3. The expression of 12 DEGs in normal and GC tissues. The sequencing data were obtained from GEO and
TCGA databases. The red box represents GC tissue and the green one represents normal tissue. In the TCGA data-
set, there were 408 GC samples and 211 normal samples. *, p-value < 0.05.

vival analysis results, it may suggest that only
ASPN, COL1A1, COL12A1, FNDC1, INHBA and
KLK11 could promote GC progression when
their expression levels were altered. Notably, in
this study, only the correlation between the
expression of key genes and the prognosis of
patients was calculated. The specific underly-
ing molecular mechanism needs to be further
studied.

The molecular aberrations of DEGs in GC
samples

The correlation between expression level of
DEGs and overall survival has been calculated.
Moreover, in multi-type tumors, gene expres-
sion profile might often be regulated by molecu-
lar aberration like mutation, copy humber and
methylation. To further study the clinical func-
tion of DEGs, multi-omics data of 443 GC
patients in the TCGA database were analyzed
(Figure 4). A total of 148 (33%) patients have
molecular aberration of the 12 DEGs. After
analysis, it was shown that the gene aberra-
tion has no significant correlation with clinical
parameters like gender, age or cancer stage.
Among those genes, COL12A1 is the most
prone to aberration (15%) like missense muta-
tion. In addition, there were 68 mutation types
have been detected in all cancer types contain-
ing 51 missenses, 15 truncating and 2 splice
mutations (Figure S3). Interestingly, there was
no mutation site in MMP12 DNA sequence
which implied it is highly conserved. Certainly,
the copy number alteration occurs in each gene
containing both amplification and deep dele-
tion. Furthermore, according to the methylation
analysis, it was demonstrated that in GC sam-
ples, ASPN, C160rf89, CCKBR and COL1A1
have high methylation levels. Followed by draw-
ing the overall survival curve of the altered (n =
146) and unaltered (n = 289) group, the medi-
an months overall (95% Cl) was 30.88 and
28.55 without significant difference (Log rank
Test p-value: 0.33).

The correlation between DEGs and classical
cancer pathways

Genes often interact with each other to form a
molecular network and participate in multi bio-
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logical processes. To further study the func-
tion mode of the above 12 DEGs, a PPl analysis
was performed according to STRING database
[34]. Those genes were be clustered into 2
groups. Among them, COL1A1, COL12A1,
ASPN, FNDC1, INHBA and MMP12 could con-
struct a network while there was no proven cor-
relation among the other genes (Figure 5A and
5B). To study the function of this network, an
enrichment analysis was performed. A total of
3 MF, 9 BP, 8 CC and 1 pathway were enriched
which are most interrelated with the extracel-
lular matrix (Figure S4). The GC has a strong
invasion ability and abnormal regulation of
extracellular matrix would promote metastasis
of cancer cells. Among the 10 classic cancer
signaling pathways, the EMT pathway is closely
related to the extracellular matrix. By calculat-
ing the relationship between genes and path-
way status in GC patients, it was found that all
genes in the PPl network can activate the EMT
pathway more frequently than their inhibitory
effects, besides ETNPPL and CCKBR (Figure
5C). Of course, there may not be a change in
EMT status in the majority of patients. Interes-
tingly, COL1A1 was the gene with the highest
frequency of activating the EMT pathway (>
50%). Therefore, it is believed that the molecu-
lar network composed of these 12 differential
genes may promote the malignant transforma-
tion of GC cells by activating the EMT pathway.

Notably, in the PPl network, COL1Al1 has
the most interaction relationships (MMP12,
CLO12A1, ASPN and INHBA) and activates the
EMT pathway in most GC patients simultane-
ously (> 50%). It may be suggested that the
COL1A1 was the central gene in this molecular
network. Moreover, in this network, the ASPN,
COL12A1, INHBA and MMP12 interact with
COL1A1 directly. The correlation calculation
results indicated that the ASPN (R = 0.42),
COL12A1 (R = 0.74) and INHBA (R = 0.63) had
positive correlative with COL1A1 (p-value <
0.001) while MMP12 was uncorrelated (R =
0.061, p-value = 0.2) (Figure 6A-D). The immu-
nohistochemical pictures of normal and GC tis-
sues showed that the protein level of COL1A1
was increased and the cell morphology was
more irregular with increased intercellular
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space and less compact arrangement (Figure with prognosis and the network has been con-
6E). This was probably because COL1A1 acti- firmed to potentially active the EMT pathway, a
vating the EMT pathway results in cellular polar- key mechanism of GC metastasis. To determine
ity/adhesion being lost and invasive/migratory the value of the network in the prognosis esti-
properties being enhanced. mation of GC patients, a prognostic model
Construction of a prognostic model based on b?sed on COL1AI-network _was constructe_d
the COL1A1-network with the LASSO Qox regression mogel. I.n this

model, all GC patients could be divided into 2
The expression level of each gene in the groups with different risk scores (high and low
COL1A1-network was significantly correlative risk) based on the expression of ASPN and
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Figure 5. The function analysis of DEGs network. A, B. The PPI network of 12 DEGs. Each circle represents one single
gene. The edge with different colors represents different interactions. C. The pie chart shows the activation and
inhibition percentage of each pathway among GC patients. The legend was listed on the right.
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Figure 7. The prognostic mode based on COL1A1-network. A. The coefficients of selected features are shown by
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rank test. HR (High exp) represents the hazard ratio of the low-expression sample relatives to the high-expression
sample. E. The ROC curve and AUC of the gene. The higher values of AUC corresponding to higher predictive power.

INHBA (Figure 7A-C). This indicated that the 185). The median survival times were 2.1 and
expression levels of ASPN and INHBA are the 3.8 years, respectively (Figure 7D). The Log-
most important for patient prognosis in this rank p-value = 0.0329, HR (high group) = 1.433
molecular network prognostic model. The for- and 95% ClI (1.03, 1.993). This indicated that
mula of risk score was: the prognostic model can divide patients into 2
Riskscore = (0.0557) * ASPN + (0.0386) * groups with significant.differences in ;urv.ival.
INHBA To evaluate whether this model can objectively

predict prognosis, the AUC values of 1-years
According to the risk score, the patients were (0.612, 95% CI (0.546, 0.677)), 3-years (0.612,
divided into high-risk and low-risk groups (n = 95% CI (0.535, 0.689)), 5-years (0.732, 95% Cl
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(0.619, 0.845)) and 8-years (0.557, 95% CI
(0.295, 0.818)) were calculated (Figure 7E).
Among them, the AUC value greater than 0.7
indicated that this model had a better prognos-
tic evaluation effect and clinical reference
value. In conclusion, this prognostic model
based on the COL1A1-network could predict
5-years prognosis of GC patients. However,
although ASPN and INHBA may increase the
risk of GC in patients as main factors in this
prognostic model based on the COL1A1 molec-
ular network, this indirectly indicates the clini-
cal value of COL1A1 in the diagnosis and treat-
ment of GC.

Discussion

The GC has a high degree of malignancy. Due to
the lack of early diagnostic markers, the patho-
logical tissue is difficult to detect in time only by
gastroscopy. The GC patients were often in the
advanced stage when diagnosed, accompa-
nied by multiple organ metastases of tumor
cells. Currently, gastrectomy is the common
clinical treatment, which seriously affects the
life quality and has poor efficacy. Therefore,
screening effective early diagnostic markers
and potential therapeutic targets are impor-
tant for the prevention and treatment of GC.

In the present study, the DEGs of GC vs. adja-
cent tissues were screened firstly. After enrich-
ment analysis, the DEGs may be involved in
GC carcinogenesis and regarded as potential
markers or therapeutic targets. To improve the
accuracy, the bulk RNA-seq datasets of GC and
adjacent from both GEO and TCGA databases
were obtained for transcriptome analysis. Th-
ere were 89 overlapping DEGs which were
detected followed by functional enrichment
and survival analysis. Among them, only 12 ge-
nes were significantly correlative with overall
survival in different expression levels. In addi-
tion, once C160rf89, CCKBR, DNER, ETNPPL,
GHRL and MMP12 were dysregulated in GC,
the prognosis may be better. For example, in
a study by Li et al. [35], it was confirmed that
stable downregulation of CCKBR could result
in reduced proliferation, migration and invasion
of GC cell lines (BGC-823 and SGC-7901).
Downregulation of CCKBR also inhibited the
growth of gastric tumors in vivo. This is consis-
tent with the results of our study, suggesting
that CCKBR can improve the prognosis of GC
patients. However, the evidence verifying the
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correlation between other genes and GC is
scant.

COL1A1 is a member of the collagen family,
and the abnormal expression of COL1A1 has
been confirmed to be associated with the oc-
currence of some cancers [18, 36]. In addition,
it has also been proven to promote the progres-
sion of multiple cancers [22]. COL1A1 is a reli-
able biomarker and a potential therapeutic
target for hepatocellular carcinogenesis and
metastasis [37]. However, the role and molecu-
lar mechanism of COL1A1 in GC development
remain unclear. According to the PPl network in
our study, the ASPN was correlative with both
COL1A1 and COL12A1, which belong to the
collagen family. In Marco et al.’s study [38], an
Aspn’- mouse model and the investigation of
the Aspn”- skin phenotype were constructed
successfully. Functionally, Aspn” mice had an
increased skin mechanical toughness, althou-
gh there were no structural changes present on
histology or immunohistochemistry. Electron
microscopy showed 7% thinner collagen fibrils
in Aspn”- mice. Several matrix genes were up-
regulated, including collagens COL1A1. It fur-
ther confirmed that the ASPN may negatively
regulate COL1A1. In conclusion, it suggested
the ASPN might be the upstream regulator of
the collagen family.

Among those 12 DEGs, COL1A1 was an activat-
ing gene of the EMT pathway with the most fre-
quency. Nevertheless, the mechanism is still
unknown. In Guo et als study [39], it was
detected that the COL1A1 was upregulated in
GC tissue, while the miR-133b was significan-
tly down-regulated. Overexpression of miR-
133b could suppress the migration and inva-
sion of GC cells. In addition, the EMT process
was inhibited as well. COL1A1 has been veri-
fied as a target gene of miR-133b and its over-
expression had a significant impact on the
prognosis of GC patients. GSEA pathway en-
richment results showed that COL1A1 was
markedly enriched in the TGF-3 signaling path-
way. In addition, COL1A1 overexpression in-
duced the activation of the TGF-B signaling
pathway to promote proliferation and migration
of GC cells. As well known, the correlation
between the TGF-B signaling pathway and EMT
pathway has been proved adequately [40]. In
Wang et al.’s study [41], it has also been prov-
ed in colon cancer, the overexpression of
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COL1A1 promoted cell viability, migration, inva-
sion and EMT pathway. In conclusion, these
findings may offer new insights into the devel-
opment of new treatments against GC. Our
results may also assist in identifying potential
biomarkers for the timely diagnosis and prog-
nosis of GC. In addition, more basic experi-
ments may be needed to elucidate the
mechanism.
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genes. The significance threshold was g.SCS threshold.
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Figure S2. The function enrichment analysis of up-regulated genes in GC. The MF, BP, CC and KEGG pathway were
list with term name, ID, p-value and enriched genes. The significance threshold was g.SCS threshold.
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Figure S3. The mutation diagram of 12 DEGs (ASPN, C160rf89, CCKBR, COL1A1, COL12A1, DNER, ETNPPL, FNDC1, GHRL, INHBA, KLK11 and MMP12). The muta-
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tion data was obtained from TCGA. The overlap diagram of patients or samples were listed at the bottom.
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Figure S4. The function enrichment analysis of COL1A1, COL12A1, ASPN, FNDC1, INHBA and MMP12 in GC. The
MF, BP, CC and KEGG pathway were list with term name, ID, p-value and enriched genes. The significance threshold
was g.SCS threshold.



