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Abstract. - OBJECTIVE: Cardia cancer is
a common type of gastric cancer. Most clini-
cal prevention and prognosis focus on surgi-
cal resection, but the efficacy is not satisfacto-
ry. Studying the molecular mechanism of patho-
genesis of cardia cancer helps us intervene in
prognosis and treatment.

MATERIALS AND METHODS: a total of 134
normal cases related to cardia cancer and 62
cases of cardia cancer samples from the Gene
Expression Omnibus (GEO) database were col-
lected. A series of bioinformatics analyses, in-
cluding differential gene analysis, co-expres-
sion analysis, enrichment analysis, regulator
prediction, and (Protein-protein interaction) PPI
analysis validation were performed.

RESULTS: Differential analysis highlight-
ed 10882 differential genes (p<0.05). Weight-
ed gene co-expression network analysis indi-
cated 6 functional disorder modules. TMOD1,
JAM2, SPARC, ST18, NOS1 were key genes of
each module. Enrichment analysis showed the
dysfunctional module genes were mainly relat-
ed to the proteinaceous extracellular matrix and
neuroactive ligand-receptor interaction. Pivot-
al analysis of ncRNA demonstrated miR-17-5p
significantly regulates modular genes including
m1, m3, and m5. Target genes were backtracked
according to the key regulators. Then, the Mod-
ule_target gene_ncRNA interaction network di-
agram was constructed. The network shows m1
has the strongest regulation effect in the net-
work. PPl showed that the core gene TMOD1
(Tropomodulin1) of m1 was at TOP10 in the algo-
rithm. In other words, PPl indicated the impor-
tance of TMOD1 in the interaction network.

CONCLUSIONS: We believe that targeted reg-
ulation of miR-17-5p on TMOD1 gene affects the
neuroactive ligand-receptor interaction path-
way, and it promotes proliferation and apopto-
sis of cardia cancer cells.
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EUS = endoscopic ultrasonography; PASG = phaga-
quosonographies; GEO = Gene Expression Omnibus;
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Introduction

Gastric cancer consists of cardia cancer and
non-cardia cancer. The diagnosis of gastric car-
dia tumour is difficult due to its poor clinico-
pathological features. The survival rate of cardia
cancer in the last 5 years is 79.7%!'. Cardia cancer
is becoming common in Western countries with
increased incidence in recent years. Japanese
national records show that the incidence of car-
dia cancer accounted for 12.2% of all registered
cases in 1963, and 17.3% in 19902. Although
the non-cardia tumour is often diagnosed ear-
ly, cardia cancer is often found in advanced
stage. Pathologically, cardia cancer is invasive.
It is associated with more lymphatic invasion
and lymph node metastasis’. Currently, the best
surgical procedure for cardia cancer remains
controversial. It is because surgery exhibit in
advanced cardia cancer with unknown factors.
What’s worse, invisible cancer metastasis tends
to appear after surgery*. According to clinical
data, the possibility of recurrence of cardia can-
cer is not very high. Therefore, the prognosis of
cancer is relatively difficult to control®. Current
surgery can not cure cardia cancer; therefore,
preoperative analysis is crucial. The resectabili-
ty should be evaluated according to the influenc-
ing factors combined with imaging analysis®. To
define the optimal degree of resection of cardia
cancer, transabdominal total gastrectomy, and
right thoracic esophagectomy achieved diffu-
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sion of free margins and controlled lymph node
metastasis. Transabdominal total gastrectomy
and right thoracotomy of the esophagectomy
at the azygous venous level radically resect
the tumour, especially in poorly differentiat-
ed tumours. Therefore, surgical resection alone
cannot cure cardia cancer™®. In the early im-
aging analysis, ultrasound endoscopic ultraso-
nography (EUS) was generally used to further
evaluate cardia cancer because it can accurately
locate the tumour. However, EUS still has certain
limitations. Thus, we should carefully use it for
imaging analysis’. At present, there are new ways
to check for cardia cancer. For example, Phagaqu-
osonographies (PASG) analysis is performed on
healthy subjects and patients with cardia cancer.
This method can be used for screening, diagnosis,
and differential diagnosis and prognosis'®. Ther-
apies bring novel advancement. Laser photoco-
agulation and intubation are effective measures
to alleviate unresectable cardia cancer. Laser
treatment is especially useful for short stenosis
and non-circular and proximal lesions. Intubation
usually relieves swallowing difficulties quickly''.
Despite no effective way to predict the patho-
genesis of cardia cancer, with the advancement
of biotechnology, more and more research meth-
ods are available. Due to the development of
high-throughput sequencing, we have a better
understanding of the molecular mechanisms of
disease. This study aims to explore the molecular
mechanism of cardia cancer by analysing the data
from the GEO database through bioinformatics.
Scientific predictions discover related regulators.
TF (Transcription Factor) and ncRNA are gen-
erally believed to be the key regulators. TF af-
fects transcription process, and ncRNA affects
the translation process. In the follow-up clinical
treatment study, these two regulators can be used
as reference for our research. It also provides
reference for the regulation of occurrence and
development of cardia cancer.

Materials and Methods

Data Resource

Gene Expression Omnibus (GEO, http:/www.
ncbi.nlm.nih.gov/geo/) is an international public
data platform for researchers to submit data like
high-throughput sequencing. It records experi-
mental data from the world. The data for cardia
cancer in this study were derived from the GEO
database. We selected the microarray data for

the mRNA of the GSE29272 database, and the
platform of the probe was GPL96. The resource
supports archiving raw data, processed data, and
indexes. People can search for source data from
it, and all data can be downloaded for free'2.
We downloaded chip data from 62 patients with
cardia cancer and 134 normal samples at GEO
for gene differential analysis and co-expression
analysis, regulator prediction, etc'>'*.

Variance Analysis

In this study, the R language was used for data
processing and analysis. We first standardized
pre-processing the mRNA microarray data of the
GEO samples collected above. After standardiza-
tion, the data were used for difference analysis. In
this study, the limma package of R language was
mainly used to construct the expression data of
differential genes, including preliminary screen-
ing and correction of data'>". First, the back-
ground Correct function was used to correct and
standardize the data with the setting threshold
p<0.05. Then, the quantile normalization in the
normalize Between Arrays function was used to
filter out the control probe and the low-expressed
probe in the probe data. Finally, the eBayes and
ImFit functions were applied to identify the dif-
ferentially expressed genes in the dataset with the
default parameters.

Co-Expression Analysis

Co-expression analysis mainly uses WGCNA
in this study. Due to numerous differential genes
obtained, it was not convenient to find the key
genes therein, thus we needed to cluster the
similar parts of the table to form a module.
This method of mining useful information from
high-throughput data was referred as weighted
co-expression network analysis. WGCNA tool
can detect clusters of highly related genes'®!*. To
explore the molecular mechanisms of gene ex-
pression during progression of cardia cancer, the
expression profiles for differentially expressed
genes in cardia cancer was established. Similarly,
WGCNA was applied to explore the synergis-
tic expression of these differential genes. First,
before clustering the results of correlation coef-
ficients, the links between genes in the network
conform to scaled-free networks with more bio-
logical meaning. We used the correlation coef-
ficient weighting method to take the N-th power
of the correlation coefficient between genes. We
then got the correlation coefficient between any
two genes (Pearson Coefficient). After obtaining
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the weighted correlation coefficients, we clus-
tered them and constructed the clustering tree
through the correlation coefficients between dif-
ferent genes. Various branches of the clustering
tree stand for distinct functional obstacle mod-
ules. Colours symbolize modules. Based on the
ability of the gene to regulate in each dysfunction
module, we unearthed the key genes that cause
the dysfunction of the functional modules. The
key genes of the module imbalance were called
the core gene. Imbalance of the expression will
eventually lead to the disorder of the module,
causing disease.

Enrichment Analysis

After obtaining the functional disorder module,
understanding the functions and signal pathways
involved in the key genes of the module remains
essential. This is for better comprehension of the
molecular mechanism of development in cardia
cancer. The function and pathway enrichment
analysis of the genes of the dysfunctional module
can effectively explore the potential mechanism
of gene expression in the pathogenesis of cardia
cancer. In this study, 6 functional barrier mod-
ules were analysed. The clustering package of
Bioconductor® in R language was used for the
enrichment analysis of functions and pathways.
Besides, the Clusterprofiler package can perform
statistical analysis and visualization of functional
clustering of genes or gene clusters. We en-
riched the function and path of each module
using GlueGO of Cytoscape, built corresponding
function, accessed network, determined the pro-
portion of module participating corresponding
functions and paths, and then found out the rele-
vant channels.

Regulator Analysis

Gene and post-transcriptional regulation are
often regulated by non-coding RNA (ncRNA).
Therefore, we believe ncRNA is a regulator of the
entire molecular mechanism. We need to analyse
the ncRNA to better understand the molecular
mechanism of cardia cancer. We scientifically
predict and test the role of dysfunction modules
of cardia cancer through bioinformatics, there-
by improving the accuracy and efficiency of
the experiment. During ncRNA pivot analysis,
we screened for ncRNA that regulates the core
genes to make module ncRNA network interac-
tion maps. We entered the interactive network
into Cytoscape and then filter the connectivity,
preserving the node with degree >1.
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Establishment of Module_Target Gene_
ncRNA Interaction Network Diagram

With above-obtained ncRNA, its regulated tar-
get genes were backtracked. The obtained data
list into Cytoscape were inserted, and nodes with
low connectivity in the network were deleted.
Finally, the interaction network diagram was
obtained, and the size of the node was related to
the connectivity. The greater the connectivity, the
larger the node.

12 Algorithms to Verify Hubgene

This study validated the core genes in the clus-
tering module obtained by WGCNA, and analysed
the network using twelve different algorithms.
Then, it checked whether there was a coincidence.
We used the R language to analyse the differential
genes, get the PPI network to display the regula-
tory relationship of genes. With screening score
greater than 900 points, the data were input into
Cytoscape, and cytoHubba plugin was applied to
analyse the genes of the PPI network. TOP10 was
collected, and the outcomes of 12 algorithms were
output. Finally, we compared the TOP10 of the
twelve algorithms with the core genes of the mod-
ule to find the coincident core genes.

Results

Identification of Expression Disorder
Molecules in Cardia Cancer

This study compared the mRNA microarray
data of patients with cardia cancer and normal
samples. It aimed to explore the regulation of
non-coding RNA on the development of cardia
cancer. A differential analysis of the two sets of
mRNA chips highlighted 10882 differential genes
(p<0.05) (Supplementary Table I). Therefore,
we recognize these 10,882 differential genes as
expression-deficient molecules in cardia cancer.
Concerning these molecules, we need to cluster
differential genes and search for core genes.

Identification of Relevant Functional
Disorder Modules in Cardia Cancer

The WGCNA tool can detect clusters of highly
related genes. Therefore, it can characterize the
underlying pathogenesis of the biological dis-
ease. The weighted analysed genes are clustered
to form a module. Each module characterizes
a potential mechanism of action. Each module
contains a core gene, and a core gene disorder
can cause an abnormality in a global function,
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Figure 1. Synergistic expression of cardia cancer. A, 6 co-expression groups via clustering were identified as modules, and 6
colours represent 6 co-expression modules. B, Heat maps of all gene’s expression in the sample, whose expression behaviour

is clustered into 6 co-expression modules.

thus leading to disease. To study the functional
disorder module associated with progression in
cardia cancer, an expression profile matrix needs
to be constructed in the sample for the 10882
differential genes obtained above. Based on the
WGCNA, we observed these genes showed sig-
nificant grouping expression in the sample. Be-
sides, genes expressing similar behaviour formed
a module for cluster. In this study, we identified
six modules with agminated gene expression be-
haviour as functional disorder modules (Figure
1A, 1B). This helped us observe the complex col-
laborative relationships between these genes from
the perspective of expression behaviour. The key
genes of each module were identified on the basis
of the functional disorder module. They were
JAM?2, ST18, TNXB, and DCTN2 and RBM23
(Table I).

Functions and Pathways Involved in
the Gene of Interest

Function and pathway are important mediators
of disease physiological response. Therefore, the
functional and pathway enrichment analysis on
the six functional barrier modules was carried
out. A total of 3743 biological processes were
obtained including 402 cells, 675 molecular func-

tions, and 133 KEGG pathways (Supplementary
Table II) with a broad threshold (p<0.05). We
performed a functional interaction network anal-
ysis on functional disorder module (Figure 2A)
using BinGO. We selected some functions to
make a bubble map (Figure 2B) and found that
the functional disorder module gene is mainly
related to the proteinaceous extracellular ma-
trix function. ClueGO was used to perform an
interactive network analysis of the relevant path-
ways (Figure 2C), and some of the pathways for
bubble mapping were selected (Figure 2D). The
results showed that the functional barrier module
genes were mainly involved in the neuroactive
ligand-receptor interaction pathway. The count
value is relatively large, and the correlation is

Table 1. Hub gene of modules.

Colour HubGenes Module
Blue TMODI ml
Brown JAM2 m3
Green SPARC m6
Red STI18 m4
Turquoise NOSI1 m?2
Yellow CD48 m5
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Figure 2. Functional and pathway enrichment analysis excerpts of the module gene. A, Functional enrichment analysis
excerpt of module gene GO. From blue to purple, the enrichment increases significantly. The larger the circle, the greater the
proportion of the module gene in GO function entry gene. B, Analysis of the functional enrichment of the module gene GO.
Yellow represents the significance of the pathway involved in the module gene reaching 0.05. C, Module gene KEGG pathway
enrichment analysis excerpt. From blue to purple, the enrichment increases significantly. The larger the circle, the greater the
proportion of the module genes account for the entry gene of KEGG pathway. D, Analysis of modular gene KEGG pathway
enrichment, different colours represent various pathways. Size of the circle refers to the count value (p-value<0.05).

relatively strong. We believe that the development
of cardia cancer is related to the neuroactive li-
gand-receptor interaction pathway.

ncRNA and its Interaction Network Map
for the Development of Cardia Cancer
Through the above analysis, we got functional
pathways and key genes related to a progression
in cardia cancer. However, concerning systems
biology and systems genetics, post-transcription-
al regulation of genes has been considered as a
key regulator of disease. NcRNA is a common
post-transcriptional regulator. Therefore, a piv-
otal analysis based on the targeted regulation of
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ncRNA on the core genes of the module was con-
ducted (Supplementary Table I1I, Figure 3). The
result shows miR-17-5p significantly regulates the
ml, m3, and m5. The core genes of each module
were TMODI1, JAM2, and CD48, respectively.
Therefore, we believe that miR-17-5p is a key
regulator in this network.

Establishment of Module_Target Gene_
ncRNA Interaction Network Diagram
With above-obtained ncRNA, its regulated
target genes were backtracked. We input the ob-
tained data list into Cytoscape and then deleted
the nodes with low connectivity in the network.
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Figure 3. The regulation of ncRNA on modules. Green squares stand for modules and red circles represent ncRNAs.

Finally, an interaction network diagram came out
(Supplementary Table IV, Figure 4). The figure
shows m1 has the largest count value while most
regulated. This indicates its strongest effect in the
network. TMODI is the core gene in ml, indicat-
ing TMODI has a potential role in the develop-
ment of cardia cancer.

12 Algorithms to Verify Hubgene

R language was applied to perform PPI analy-
sis on differential genes, and the screening scores
were greater than 900. The data obtained were
input into Cytoscape, then the PPl gene was an-
alysed using the cytoHubba plug-in. The TOP10
was selected and the results of the obtained 12
algorithms were output (Supplementary Table
V). Finally, we compared the TOP10 of the twelve
algorithms with the core genes of the module to
find the coincident core genes. The result shows
TMODI was verified in the algorithm, and it had
a potential function.

Discussion

Gastric cancer is a common cancer, compris-
ing cardia cancer and non-cardia cancer. By the
time cardia cancer could be detected, it was al-
ready advanced and resection may not completely
cure cardia cancer. Therefore, it is necessary
to understand the molecular mechanism of the
progression of cardia cancer. Increasing evidence
indicates non-coding RNAs (ncRNAs) are vital to
several biological processes, and that dysregulat-
ed ncRNAs are involved in different types of can-
cer’'. They are associated with cancer progression,
metastasis, and prognosis. Besides, studies have
shown aberrant methylation of LOC100130476 in
cardia cancer can be used as a potentially valu-
able biomarker in the diagnosis and prognosis of
cardia cancer??. Of course, other scholars have
discovered other related biomarkers, such as the
5-miRNA group identified in peripheral serum
samples as a non-invasive biomarker for detect-
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Figure 4. Module_Target Gene_ncRNA interaction network diagram. The red circle stands for the module, the green circle
symbolizes the gene, the orange circle refers to the ncRNA. The larger the circle, the larger the count value.

ing GCA?. To study the molecular mechanism
of the development and progression of cardia
cancer, this study also conducted a bioinformatics
analysis of data on cardia cancer. In this study,
mRNA microarray data (GSE29272)"* related
to cardia cancer were collected, and differential
analysis and co-expression analysis were per-
formed on these data. The differential analysis
highlighted 11082 differential genes that acted as
dysregulated molecules. Due to the large amount,
differential genes were required to be clustered.
WGCNA includes network construction, mod-
ule detection, gene selection, topology attribute
calculation, data simulation, visualization, and
external software interface'”?. Using the WGC-
NA approach, we clustered six related functional
barrier modules. In this study, we used the analy-
sis of WGCNA co-expression network to further
explore the functional disorder module and ob-
tained six core genes including TMODI, JAM2,
SPARC, ST18, NOSI, and CD48. Disorders in the
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core genes can lead to dysregulation of the entire
functional disorder module and ultimately affect
the progression of cardia cancer.

At present, it has been allowed to explore
the functions and pathways of complex bio-
logical systems by means of high-throughput
quantitative measurement. We have enriched
and analysed the dysfunctional modules and
obtained their related functions and pathways.
Enrichment revealed a total of 3,743 biological
processes, 402 cells, 675 molecular functions,
and 133 KEGG pathways. With analysis and
comparison, BinGO and ClueGO reveal that the
dysfunctional module is mainly related to the
proteinaceous extracellular matrix and neuro-
active ligand-receptor interaction. The value of
neuroactive ligand-receptor interaction in this
study was relatively stronger. Consequently, we
suggest that the neuroactive ligand-receptor in-
teraction pathway is related to the development
of cardia cancer. However, only the core genes
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and pathways of the module have been identi-
fied and have failed to help the prognosis and
treatment of cardia cancer. We need to analyse
post-transcriptional regulators, while ncRNA is
the most common regulator. Research based on
ncRNAc provides a reference for clinical treat-
ment. micro-RNAs (miRNAs) are post-tran-
scriptional gene regulators that are involved in
a wide range of biological processes like tumor-
igenesis. Disorders in the miRNA pathway are
associated with cancer, but little is known about
the contribution of genetic variability to the dis-
ease. Current data from studies have document-
ed many ncRNAs that regulate cardia cancer.
Data suggest dysregulation of IncRNAs makes
difference to lymph node metastasis in car-
dia cancer*. Gene ontology analysis indicated
the up-regulated transcript is most abundant in
SRP-dependent co-translated proteins, targeting
membranes, structural components of cytoplas-
mic ribosomes and ribosomes. Down-regulated
transcripts are highly enriched in carboxylic
acid transport, focal adhesions, and cations.
Therefore, its regulation can also affect the
whole disease process. MEG3, miR-770, miR-
135b-5p, miR-203a, miR-203b, MIR196A2 and
C5orf66-AS1 may be used as potential biomark-
ers for predicting cardia cancer patients after
prognosis>-°,

Through ipRNA pivot analysis, this study
found miR-17-5p significantly regulates ml, m3,
m5. miR-17-5p is believed to be a key regulator in
the progression of cardia cancer. Therefore, the
target gene was backtracked according to ncRNA
and the Module_target gene ncRNA interaction
network diagram was constructed. The network
revealed ml has the strongest regulation effect
in the network. The core gene of ml is TMODI,
so we believe that TMODI plays a key role in the
development of cardia cancer. To verify whether
the core gene TMODI1 of ml is central to cardia
cancer, we used PPI analysis to verify. In result,
the core gene TMODI1 of ml was at TOP10 in
the algorithm, which indicates the importance of
TMODIL to the interaction network.

Conclusions

We suggest that the targeted regulation of miR-
17-5p on TMODI gene expression affects the
neuroactive ligand-receptor interaction pathway
and promotes proliferation and apoptosis of car-
dia cancer cells.
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