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Background: Colon adenocarcinoma (COAD) is one of the most common cancers in the world. Although
an extensive effort has been made to elucidate its pathogenesis, the underlying molecular mechanisms and
genetic characteristics remain elusive.

Methods: In this study, protein-coding transcript expression profiles of COAD were downloaded from
the Cancer RNA-Seq Nexus (CRN) database. They were then integrated to identify the overlapping
transcripts expressed in every COAD RNA sequencing (RNA-seq) subset. The functional annotation of
these overlapping genes (OLGs) involved noting their biological process (BP), cellular components (CC),
molecular function (MF) for Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway in the Database for Annotation, Visualization and Integrated Discovery (DAVID). Protein-protein
interaction (PPI) networks were then constructed and analyzed using Search Tool for the Retrieval of
Interacting Genes/Proteins (STRING) and Cytoscape 3.8.2.

Results: A total of 10 hub genes and 3 functional modules were screened by the plugin cytoHubba and
MCODE, respectively. The plugin ClueGO and DAVID were used for the functional enrichment analyses of
both hub genes and modules. The expression of hub genes was verified through the gene expression profiling
interactive analysis (GEPIA) database. Survival analysis of the hub genes revealed that low expressions of
ADCYS, GNG2, and PTPRC were significantly associated with an improved COAD prognosis. Furthermore,
the expression level of ADCY’S in stages I/II was lower than that in stages III/IV, which seems to explain why
the low expression of ADCY’S results in a better prognosis.

Conclusions: The identification of hub genes, functional modules, and pathways have the potential to
improve our understanding of the causes and underlying molecular events of COAD. The hub gene ADCYS

could also be a prognostic monitoring indicator or therapeutic target in the treatment of COAD.
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Introduction

Colorectal cancer (CRC) is one of the most common
gastrointestinal malignancies. According to the Global
Cancer Incidence, Mortality and Prevalence (GLOBOCAN
2020) database released by the International Agency for
Research on Cancer (IARC), in 2020 there was an estimated
1,931,600 new cases of CRC and 935,200 related deaths
worldwide. This makes CRC the third most prevalent
type of cancer and the second most deadly among all
malignant tumors (1). The distinction between the colon
and the rectum is largely anatomical, but they have same
implications for surgical and radiotherapeutic management
that can impact prognosis (2). Rectal cancer is common
in China, while colon cancer is common in the USA (3).
Statistical data from the American Cancer Society (ACS)
shows that of the 147,950 patients diagnosed with CRC in
2020, 70% had colon cancer (104,610 patients), while only
30% had rectal cancer (43,340 patients) (4). More than
half of all these cases and related deaths were attributed
to modifiable risk factors, such as smoking, an unhealthy
diet, excessive alcohol consumption, physical inactivity,
and obesity, meaning some CRC cases are potentially
preventable (5). Consequently, the morbidity and mortality
of CRC could be better mitigated by more frequent
screening and monitoring (6).

The reason for CRC’s high mortality rate is that its early
clinical symptoms are not distinct, resulting in it often
being detected only in the middle or late stages. It has
been noted that the 5-year survival rate of CRC patients
diagnosed in the early stage of the disease is around 90%,
while that of patients diagnosed in the late stage is as low
as 5-10% (7). Due to the application of efficient screening
methods, both the incidence and mortality of CRC in the
USA have been decreasing, while the 5-year survival rate
has increased significantly (8). Colonoscopy and abdominal
imaging examination are costly, invasive or radiative, and
frequent examination does increase the physical discomfort
and economic burden of patients. The effectiveness,
associated costs, and safety improve the patient acceptance
of detecting tumor markers, and hence it could be used
for CRC screening (9). Tumor markers in cells, tissues,
body fluids, and excreta can be detected quantitatively
or qualitatively. These markers have application value in
assessing prognosis, selecting treatment options, predicting
efficacy, and monitoring recurrence (10). Presently, some
of the most commonly used tumor markers associated
with diagnosing CRC include carcinoembryonic antigen
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(CEA), carbohydrate antigen 19-9 (CA19-9), carbohydrate
antigen 242 (CA242), carbohydrate antigen 72-4 (CA72-4),
and carbohydrate antigen 50 (CA50) (11). According
to the US National Comprehensive Cancer Network
(NCCN) guidelines, CEA is perhaps the most important
tumor marker for CRC and is the only tumor marker
recommended for routine screening of CRC (12). However,
the sensitivity and specificity of tumor markers are not
sufficiently high, and thus their application is limited (13).
Therefore, it is necessary to identify and explore novel
tumor markers to facilitate early diagnosis and prognosis
monitoring of CRC. The aim of this study was thus to
search for novel tumor markers for the treatment of colon
adenocarcinoma (COAD). To this end, COAD RNA
sequencing (RNA-seq) data were downloaded from the
Cancer RNA-Seq Nexus (CRN) database, and those hub
genes that figured prominently in the occurrence and
prognosis of COAD were identified via bioinformatics as
potential biomarkers. We present the following article in
accordance with the MDAR reporting checklist (available at
https://dx.doi.org/10.21037/jgo-21-415).

Methods
Data sources

The RNA-seq data of 439 COAD and 40 normal tissue
samples were downloaded from the CRN database (http://
syslab5.nchu.edu.tw/CRNY/). This public database provides
protein-coding transcript/long non-coding RNA (IncRNA)
expression profiles and messenger RNA (mRNA)-IncRNA
coexpression networks in cancer cells (14). In this study, the
CRC RNA-seq dataset consisted of 10 subsets and 479 samples
(Tible 1).

Identifying differentially expressed protein-coding genes

This study aimed to screen differentially expressed COAD
protein-coding genes, which were obtained by comparing
protein-coding genes in cancerous tissues at various stages
to those in adjacent normal tissues. A Venn diagram was
plotted using OmicShare tools, a free online platform for
data analysis (http://www.omicshare.com/tools). As the CRN
database has annotated, normalized and analyzed COAD
RNA-seq data, we were also able to use this data directly
for our research, with P values <0.01 being considered
significant. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).
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Table 1 Subsets and samples of the COAD RINA-seq data set

Subset name Samples
Normal (adjacent normal) 40
Stage | 74
Stage Il 29
Stage IIA 137
Stage 1IB 9
Stage lll 21
Stage llIA 12
Stage IIIB 56
Stage IlIC 39
Stage IV 62

COAD, colon adenocarcinoma; RNA-seq, RNA sequencing.

Functional enrichment of differentially expressed
protein-coding genes

The differentially expressed protein-coding genes
were subjected to functional enrichment analysis in the
Database for Annotation, Visualization and Integrated
Discovery (DAVID), which provides a comprehensive set
of functional annotation tools to understand the biological
meaning behind large lists of genes (15). The results were
plotted as bubble diagrams using the ggplot2 package in R.
A P value <0.05 was set as the threshold for significance.

Identifying bub genes and functional modules among
differentially expressed protein-coding genes

The Search Tool for the Retrieval of Interacting Genes
(STRING) database was used to predict and visualize
the protein-protein interaction (PPI) networks of
the differentially expressed protein-coding genes we
obtained (16). Experimentally validated interactions with
a combined score of >0.4 were selected to construct the
PPI networks through Cytoscape 3.8.2, which is an open-
source software platform for integrating biomolecular
interaction networks with high-throughput expression
data and other molecular states into a unified conceptual
framework (17). The Cytoscape plugin cytoHubba was
used for screening hub genes according to node score
rank (18), while the plugin ClueGO was used to decipher
the functional ontology and pathway annotation networks
of hub genes (19). The screening criteria were Gene
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Ontology-biological process (GO-BP) and pathways with
P<0.05. Minimal Common Oncology Data Elements
(MCODE) was used to detect densely connected modules
in large PPI networks that may represent molecular
complexes (20). The criteria were as follows: MCODE
scores >3 and number of nodes >4. Kyoto Encyclopedia
of Genes and Genomes (KEGG) pathway enrichment

analysis was also used to analyze genes in the modules.

Verifying the expression of COAD bub genes
The expression of COAD hub genes was validated in the

gene expression profiling interactive analysis (GEPIA)
database according to the instructions on the platform.
GEPIA is a newly developed interactive web server that
uses a standard processing pipeline to analyze the RNA-seq
expression data of 9,736 tumors and 8,587 normal samples
from The Cancer Genome Atlas (TCGA) and genotype-
tissue expression (GTEx) projects (21).

Analysis of the surviving bub genes

The survival data of the hub genes were downloaded from
the OncoLnc database, a tool for interactively exploring
survival correlations and for downloading clinical data
coupled with the expression data of mRNAs, microRINAs
(miRNAs), or IncRNAs (22). Based on the median values of
the mRNA expression of hub genes, patients with COAD
were divided into high and low expression groups. The
log-rank (Mantel-Cox) test was used to analyze and draw
survival curves.

Statistical analysis

GraphPad Prism 7 software (GraphPad Inc., San Diego,
CA, USA) was used for statistical analysis. The Kaplan-
Meier method was used to evaluate the survival of patients,
and the log-rank (Mantel-Cox) test was used to assess the
significance. An unpaired 7-test and Mann-Whitney U
test were used to analyze the expression of hub genes in
the clinical stage of COAD. A P value <0.05 indicated a
statistically significant difference.

Results
Identifying differventially expressed protein-coding transcripts

We retrieved and compared the differentially expressed
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Stage IV

1,899 Stage IIA

Stage llIB

Stage IlIA Stage Il

Figure 1 Venn diagram of differentially expressed protein-coding
transcripts. The numbers in the different colored petals represent
differentially expressed protein-coding transcripts obtained after
the comparison of COAD tissues with normal tissues at each stage.
The 9 petals show an overlap of 2,460 protein-coding transcripts

in the Venn diagram. COAD, colon adenocarcinoma.

protein-coding transcripts of COAD tissues at various
stages to those of adjacent normal tissues. To ensure
the reliability of the study, we selected and compared
the overlapping differentially expressed protein-coding
transcripts between each subgroup for our subsequent
analysis. Following this, 2,460 protein-coding transcripts
were identified (Figure ).

Functional envichment of differentially expressed
protein-coding genes

The 2,460 differendally expressed protein-coding transcripts
were first identified and converted into official genes
using the DAVID database. After conversion, 1,807 genes
with official gene symbols were left. These 1,807 protein-
coding genes were then subjected to functional enrichment
analysis to determine their biological process (BP), cellular
components (CC), and molecular function (MF) for GO and
KEGG pathway. The top 10 hits of each item are presented
as bubble plots (Figure 2). The results revealed that the
functional differentially expressed protein-coding genes
were associated with nervous system development, plasma
membrane, adenylate cyclase (ADCY) binding, and calcium
signaling pathway.
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Identifying bub genes and functional modules among
differentially expressed protein-coding genes

Based on the qualified network data provided by the
STRING database, we used Cytoscape to reconstruct
the networks. The plugin cytoHubba was used to
calculate a node score by using the degree method,
and the following top 10 genes were considered to be
hub genes (Figure 3): MYC, SNAP25, ACTB, ADCYS,
PTPRC, PIK3R1, ADCY9, GNG2, ADCY2, and GNGI3.
Among these genes, MYC had the highest node score of
126. Compared normal tissues, MYC was upregulated
and the other hub genes were downregulated in COAD.
Furthermore, we clarified all hub gene’s GO-BP using
the ClueGO plugin. The results showed that the main
BPs were response to platelet aggregation inhibitor,
cellular response to alcohol, and cAMP biosynthetic
process (Figure 4). The MCODE app was also used for
screening functional modules in PPI networks. Based on
the above screening criteria, 39 functional modules were
identified. The top 3 modules were subjected to KEGG
pathway functional enrichment analysis in the DAVID
database (Figure 5).

Verifying the expression of COAD bub genes

Based on the parameters, 11og,FC| cutoff =1, P value cutoff
=0.01, log scale “yes”, and jitter size =0.4, the expression of
MYC in COAD tissues were found to be higher than that
in normal tissues, while the expression of ADCYS, ADCY?9,
PTPRC, GNG2, GNG13, and SNAP25 was lower in COAD
than in normal tissues (Figure 6, with P<0.05 indicating
statistical significance).

Survival analysis of the bub genes

The results of our hub gene survival analysis indicated
that the low expressions of ADCYS (P=0.0362), GNG2
(P=0.0065), and PTPRC (P=0.0023) were significantly
associated with an improved COAD prognosis (Figure 7A-
7C). Furthermore, we analyzed the expression levels of
ADCYS, GNG2, and PTPRC in different clinical stages of
COAD. The results showed that the expression level of
ADCYS5 in stages I/II was lower than that in stages III/IV,
which could be attributed to the improved prognosis in
stage I and II patients (P=0.01, Figure 7D-7F).
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Figure 3 The PPI networks of differentially expressed protein-coding genes. The PPI networks were constructed using Cytoscape software.

The nodes represent differentially expressed protein-coding genes, and the pink nodes with a bold yellow border represent the hub genes.

PPI, protein-protein interaction.

Discussion

Several freely available public databases, such as TCGA,
gene expression omnibus (GEO), cBio Cancer Genomics
Portal (cBioPortal), and catalogue of somatic mutations in
cancer (COSMIC) hold massive amounts of RNA-seq data,
methylation data, and copy number variation data (23-26).
This data can be downloaded to conduct the secondary
analysis of genes and publish further gene-related research.
In this study, protein-coding transcript data and survival
data were obtained from the CRN database and OncoLnc
databases, respectively. The raw data from TCGA database

© Journal of Gastrointestinal Oncology. All rights reserved.

was standardized, annotated, and analyzed in the CRN and
OncoLnc databases. After preliminary processing of the
original data, statistical analysis was performed in the CRN
database to identify significant protein-coding transcript
data (P<0.01). Subsequently, the data were classified and
summarized according to clinical stages and made available
for download (14). Therefore, the data information from
the CRN database can be used directly. To ensure the
reliability of the results, we selected the protein-coding
transcripts common to all clinical stages for subsequent
analyses.
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In total, 2,460 protein-coding transcripts were identified,
of which 1,807 protein-coding genes with official gene
symbols were obtained after conversion. Cytoscape was
then used to screen 10 hub genes: MYC, SNAP25, ACTB,
ADCYS, PTPRC, PIK3R1, ADCYY9, GNG2, ADCY2, and
GNG13. Among these, MYC was upregulated in COAD,
while the other hub genes were downregulated. Moreover,
based on the expression data in the GEPIA database, we
also confirmed that MYC, SNAP25, ADCYS, PTPRC,
ADCYY, GNG2, and GNGI3 were differentially expressed
in COAD tissues versus normal tissues. The survival
analysis showed that the low expression of ADCYS, PTPRC,
and GNG?2 had a significant association with the prognosis
of COAD. In addition, COAD prognosis was significantly
related to a patient’s clinical stage, with a later stage being
associated with a worse prognosis (27). For the majority
of early stage (stages I/II) CRC patients, partial or total
colectomy alone is considered to be the primary treatment
option, while late-stage (stages III/IV) CRC cases are often
treated with neoadjuvant chemotherapy plus radiation and
chemotherapy (28). Thus, by analyzing the expression level
of ADCYS, GNG2, and PTPRC in different clinical stages
of COAD, we found that the expression level of ADCY5 in
stages I/1I was lower than that in stages III/IV, which was

© Journal of Gastrointestinal Oncology. All rights reserved.

consistent with the results of the survival analysis. This
explains why patients with a low expression of ADCY5 are
mainly in stages I/II and have a good prognosis. These
findings suggest that ADCYS is a prognostic risk marker
of COAD.

ADCYY5 is a member of the membrane-bound ADCY
family, which converts adenosine triphosphate (ATP) into
second messenger cyclic adenosine monophosphate (cAMP)
and pyrophosphate (29). It may be the most abundant
member of the ADCY family in human islets (30). Current
studies have mainly focused on movement disorders
related to ADCYS mutation (31,32), but other research has
also reported that the genetic variation of ADCYS affects
glucose metabolism, leading to the occurrence of type 2
diabetes (33). Although no previous studies have reported a
correlation between ADCYS and CRC, several bioinformatic
analyses suggest that ADCY’S is a hub gene of CRC and have
designated it as a potential biomarker of CRC (34). These
findings are consistent with the results of this study.

In addition to the hub genes, some functional modules
were screened using the Cytoscape software in this study.
The top 3 modules were identified and underwent functional
enrichment analysis using the KEGG pathway. The primary
pathways were the chemokine signaling pathway, ubiquitin
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B
KEGG Pathway P-Value FDR Genes
CCL19, CCL28, CCR2, CXCL1, CXCLI11, CXCL12,
Chemokine signaling pathway 74E-13 2.3E-11 CXCR35, GNGI13, GNG2, GNG7, ADCY2, ADCYS5,
ADCY9
- . . BDKRBI1, BDKRB2, CNR1, CNR2, GALRI1, LPARI,
Neuroactive ligand-receptor interaction 2.9E-8 4.4E-7 NPY2R, P2RY 14, P2RY4, SSTRI, SSTR2
Retrograde endocannabinoid signaling 1.6E-6 1.6E-5 Sglc{ill 3, GNG2, GNG7, ADCY2, ADCYS, ADCY9,
KEGG_Pathway P-Value FDR Genes
Ubiquitin mediated proteolysis 1.2E-10 1.7E9 ANAPCL,  ANAPC7, CDC20, KLHL13, NEDDA4L,
PARK2, UBE2C, UBAI
Oocyte meiosis 1.1E22 6.2E-2  ANAPCI, ANAPC7, CDC20
Cell cycle L3E-2 6.2E-2  ANAPCI, ANAPC7, CDC20
E F
KEGG Pathway P-Value FDR Genes
F2RL1, ADRAIA, ADRAIB, AGTR1, AVPRIB,
Neuroactive ligand-receptor interaction 1.2E-13 9.8E-12 CYSLTR1, EDNRB, HRHI, P2RY1, P2RYIO0,

Calcium signaling pathway

Vascular smooth muscle contraction

TACR1, TACR2

GNALI, ADRAIA, ADRAIB, AGTRI, AVPRIB,
CYSLTRI, EDNRB, HRHI, TACRI, TACR2
GNAIl, ADRAIA, ADRAIB, AGTRI, AVPRIB

8.0E-12 3.2E-10
7.0E-5 1.9E-3

S
== 3

Figure 5 Top 3 modules from the PPI network. (A,C,E) refer to modules 1, 2, and 3, respectively. (B,D,F) show the enriched KEGG
pathways of modules 1, 2, and 3, respectively. PPI, protein-protein interaction; KEGG, Kyoto Encyclopedia of Genes and Genomes; FDR,

false discovery rate.

mediated proteolysis, and neuroactive ligand-receptor
interaction. Chemokines are small molecule-secreting
proteins and are produced by tumor and stromal cells.
Chemokine receptors are also expressed on the surface of
tumor and stromal cells and both can directly and indirectly
control tumor growth. This can be seen, for example, in the
way the receptors directly activate the signaling pathways
that regulate the proliferation and metastasis of tumor cells

© Journal of Gastrointestinal Oncology. All rights reserved.

while also indirectly effecting vascular endothelial cells
and immune response after migration and organization of
immune cells (35). Zhuo er al. have reported that chemokine
(C-X-C motif) ligand 1 (CXCL1) is associated with tumor
progression and poor prognosis in CRC patients (36). The
ubiquitin mediated proteolysis is an ATP-dependent protein
degradation pathway in the cytoplasm and nucleus. It
maintains homeostasis by regulating the proteins it degrades
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Figure 6 Expression of hub genes in COAD tissues and normal tissues (GEPIA database). Compared to the expression in normal tissues,
MYC is upregulated in COAD (A), while the other seven hub genes are downregulated in COAD (B-G). * indicates statistical difference.

COAD, colon adenocarcinoma.

through the ubiquitination-proteasome-deubiquitination
mechanism. The destabilization of these regulated proteins
causes cancer and other diseases (37). Fujita et al. also
found that the overexpression of UBCHI10, one of the
ubiquitin-conjugating members, altered the cell cycle
profile and accelerated the tumor proliferation in colon
cancer (38). The neuroactive ligand-receptor interaction
signaling pathway is a collection of all receptors and ligands
on the plasma membrane associated with intracellular
and extracellular signaling pathways. The critical role of
neuroactive ligand-receptor interaction signaling pathways

© Journal of Gastrointestinal Oncology. All rights reserved.

has been reported in Parkinson’s disease and psychiatric
disorders (39,40), but not in cancer. Recently, it has been
identified as a major molecular pathway of the Wnt10B
gene, which is known to effect the prognosis of CRC (41).

Conclusions

This study has provided a comprehensive bioinformatic
analysis of protein-coding genes which might be involved
in COAD pathogenesis. Our findings suggest that ADCYS
could be a prognostic risk indicator or therapeutic target in
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III/TV. COAD, colon adenocarcinoma.

the treatment of COAD.
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