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Abstract
Aims: To utilize the bioinformatics to analyze the differentially expressed genes (DEGs), interaction
proteins, perform gene enrichment analysis, protein-protein interaction network (PPI) and map the hub
genes between colorectal cancer(CRC) and colorectal adenocarcinomas(CA).

Methods: We analyzed a microarray dataset (GSE32323 and GSE4183) from the Gene Expression
Omnibus (GEO) database. Differentially expressed genes (DEGs) in tumor tissues and non-cancerous
tissues were identi�ed using the dplyr and Venn diagram packages of the R Studio software. Functional
annotation of the DEGs was performed using the Gene Ontology (GO) website. Pathway enrichment
(KEGG) used the WebGestalt to analyze the data and R Studio to generate the graph. We constructed a
protein–protein interaction (PPI) network of DEGs using STRING and Cytoscape software was used for
visualization. Survival analysis of the hub genes and was performed using the online platform GEPIA to
determine the prognostic value of the expression of hub genes in cell lines from CRC patients. The
expression of molecules with prognostic values was validated on the UALCAN database. The expression
of hub genes was examined using the Human Protein Atlas.

Results: Applying the GEO2R analysis and R studio, we identi�ed a total of 471 upregulated and 278
downregulated DEGs. By using the online database WebGestalt, we identi�ed the most relevant biological
networks involving DEGs with statistically signi�cant differences in expression were mainly associated
with biological processes involved in the cell proliferation, cell cycle transition, cell homeostasis and
indicated the role of each DEGs in cell cycle regulation pathways. We found 10 hub genes with prognostic
values were overexpressed in the CRC and CA samples.

Conclusion: we found out ten hub genes and three core genes closely associated with the pathogenesis
and prognosis of CRC and CA, which is of great signi�cance for colorectal tumor early detection and
prognosis evaluation.

Highlights
Ten hub genes (ADCY9, CCL19, CXCL12, CXCL13, GNG2, LPAR1, CCL5, PYY, P2RY14 and SST)
closely associated with the pathogenesis of colorectal cancer and colorectal adenoma with
cancerous potential.

Three core genes (CCL5, CCL19 and CXCL13) have a close relationship with prognosis of colorectal
cancer.

Introduction
Colorectal cancer (CRC) is a worldwide health problem, and has become the third most common cancer
in the world.1 Clinically, initial treatment includes surgery,2 with minimally invasive surgery (MIS) being
increasingly offered.3 For stage-II and stage-III colorectal cancer patients, surgical treatment is usually
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supplemented by neoadjuvant radiation therapy,4,5 and for high-risk stage-II and stage-III colon cancer is
commonly treated by adjuvant chemotherapy, immunotherapy. 6,7 Relative survival has increased steadily
over recent decades. However, low survival rates are still observed in many parts of world. Due to the high
incidence and mortality of colorectal cancer, the exploration of early detection markers, new treatment
targets and prognostic biomarkers for colorectal cancer has always been the focus of attention.8

Research found that CRC are sporadic and the vast majority of CRC develops from the adenoma-
carcinoma sequence.9 Study testi�es that patients with an advanced adenoma detected at colonoscopy
were at remarkably increased risk of developing colorectal cancer compared with those with no
adenoma,10 but the relationship between CA and long-term CRC incidence is still unclear.

The most commonly used high-throughput to analyze complicated disease pathogenesis is microarray-
based gene expression assessment. However, studies performed that utilize human CRC and CA gene
expression pro�lings are very uncommon. In this study, we aimed at exploring the differentially expressed
genes (DEGs), gene network, pathways, and protein interactions between CRC and CA. To detect the DEGs
between CRC (GSE32323) and CA (GSE4183) cell lines, we adopted a bioinformatics approach to analyze
DEG data retrieved from the Gene Expression Omnibus (GEO) database and worked out on R Studio to
perform Venndiagram. For the screened DEGs, functional annotation assessment with Gene Ontology
(GO) and pathway enrichment assessment with the Kyoto Encyclopedia of Genes and Genomes (KEGG)
were carried out using the online database of WebGestalt. Ultimately, we found 10 potential hub genes
and three core genes that were strongly linked to OC. Moreover, the DEGs were utilized to construct a
protein–protein interaction (PPI) network, and utilized to identify 10 hub genes. Further, we performed
survival analysis on all the hub genes on GEPIA. Eventually, we found out 10 potential hub genes and 3
core genes that were closely linked to CRC.

Materials And Methods

Data Preprocessing and Screening of DEGs
The expression pro�le was performed on the CRC gene dataset (GSE32323) and CA gene dataset
(GSE4183), which was obtained from GEO (Gene Expression Omnibus database,
http://www.ncbi.nlm.nih.gov/geo/). “Colorectal Cancer” AND “Homo sapiens”, “Colorectal Adenoma” AND
“Homo sapiens” were the keywords used to search CRC, CA-related expression pro�les within the GEO
datasets respectively.

The GSE32323 expression pro�ling was conducted in arrays that included 17 human CRC cell lines,17
human normal cell lines and other 10 sources of cell lines (COLO320 cell line, HCT116 cell line, HT29 cell
line, RKO cell line, SW480 cell line). We selected some of these datasets (GSM800742 to GSM800775) to
utilize the GEO2R (http://www.ncbi.nlm.nih.gov/geo/geo2r/) statistical tool to recalculate and assess the
genes that were expressed differently between the human CRC cell lines and the human normal cell lines.
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The GSE4183 expression pro�ling was conducted in arrays that included 15 human CRC cell lines, 8
human normal cell lines, 15 human CA cell lines, and 15 human in�ammatory bowel diseases (IBD) cell
lines. We selected some of these datasets (GSM95473 to GSM95495) to utilize the GEO2R
(http://www.ncbi.nlm.nih.gov/geo/geo2r/) statistical tool to recalculate and assess the genes that were
expressed differently between the human CA cell lines and the human normal cell lines.

The Benjamini and Hochberg (false discovery rate) and t-test methods were utilized with the GEO2R tool
to calculate the FDR and p-values, respectively, to identify the DEGs. We considered p < 0.05 and a | log
(fold change) | > 1 to be statistically signi�cant for the DEGs, and logFC ≥ 1 and logFC ≤ 1 were
considered to indicate upregulated and downregulated DEGs, respectively.11

Utilizing all of the DEGs identi�ed in the CRC and CA cell lines, two volcano plots were constructed by
using the Volcano Plot (https://paolo.shinyapps.io/ShinyVolcanoPlot/) online server (Fig. 1A.1B). The
resultant DEG dataset was collected and used for further analysis.

We designed a series of codes in the R Studio to analyze the differential expression genes between CRC
and CA, and analyze the up-regulated genes and down-regulated genes to �nd out the genes that have
common in�uence, and further produced Venn diagram of those DEGs (Fig. 1C).

Construction of PPI Network and Screening for the Hub
Genes
In order to evaluate the protein-protein interaction network (PPI) between the targeted DEGs, we used the
online database STRING (v11.0, http://www.string-db.org/) to visualize the PPIs between the statistically
signi�cant DEG-encoded proteins in the resultant dataset.12 To ensure the accuracy of PPI network, we
applied a cutoff score of ≥ 0.7 (high con�dence interaction score) to obtain the signi�cant PPIs. Then,
the resulting PPI networks were exported from the website and imported into Cytoscape software v3.8.2
for visualization, which based on the log fold change values, the PPI networks were plotted for both the
up-regulated and down-regulated DEGs.13 (Fig. 2A.2B)

In order to simplify the PPI network, we excluded the non-interacting genes. The top 10 genes with the
highest degree of connection to the others were considered as hub genes based on the analysis using
CytoHubba from Cytoscape (Fig. 2C).

Analysis of Gene Enrichment
Some statistically target DEGs were further imported into the online analysis tool WebGestalt
(http://www.webgestlt.org/option.php) to conduct and perform the GO function and pathway enrichment
analysis. Importing the obtained DEGs and protein list into WebGestalt, which can quickly analyze and
output protein networks, metabolic pathways and maps. We applied the Gene Ontology and KEGG
Pathway Function Database to identify the enriched pathways involving DEGs in terms of the
hypergeometric distribution, and the p-values were calculated by using the default database, which based



Page 5/20

on an FDR p < 0.005 and signi�cant p-value < 0.05. Eventually, the graphical descriptions of the molecular
interactions between the DEGs were output.

Genetic Alterations of Hub Genes
The datasets of colorectal/colon adenocarcinoma in cBioPortal, including the data of 3037 samples, was
selected for the calculation of the genetic alterations in hub genes using cBioPortal. This platform allows
for the rapid, intuitive, and high-quality access to molecular pro�les and transforms these datasets into a
biologic visualization and clinical applications.14 The genomic alterations included gene mutations, copy
number variations, mRNA expression z‐scores with a z‐score threshold of ± 2.0 and protein expression
z‐scores.

Survival Analysis of Hub Genes
An interactive web server platform called Gene Expression Pro�ling Interactive Analysis (GEPIA2,
http://gepia.cancer-pku.cn/) provides comprehensive and customized analysis of functionalities based
on TCGA (The Cancer Genome Atlas) and genotype-tissue expression (GTEx) data. GEPIA performs
overall survival (OS) or disease free survival (DFS, also called relapse-free survival and RFS) analysis
based on gene expression. It utilizes Log-rank test, a.k.a the Mantel–Cox test, for hypothesis test, and the
95% con�dence interval information can also be included in the survival plot.

Results

Identi�cation of DEGs
The GSE32323 and GSE4183 were obtained on GEO database. The GSE 32323 dataset was obtained
from 44 patient cell lines that comprised 34 samples, including 17 CRC cell lines and 17 normal cell lines,
and the GSE 4183 dataset was obtained from 53 patient cell lines that comprised 23 samples, including
15 CA cell lines and 8 normal cell lines. To identify the DEGs from these two groups (CRC and Normal cell
line) we conducted GEO2R web-server analysis to calculate the p-values and |logFC| values and imported
the results into R Studio. According to the results analyzed by R package, 749 DEGs (we eliminated
mRNAs and lncRNAs ) were differentially expressed |(logFC)| ≥1 and adjusted P > 0.05). Out of these, 471
DEGs were over-expressed while 278 DEGs were downregulated (Table 1).

We constructed a Venn diagram using the package downloaded in R Studio to verify the same
overlapping genes (Fig. 1C).

Construction of the PPI Network
In order to assess the PPIs between the DEGs, we applied the STRING to identify the PPI networks for
both the up- and downregulated genes. A combined score of ≥ 0.7 for the nodes was considered to
indicate a signi�cant PPI interaction. The processed PPI network was exported in "txt" format. Then, it
was transferred into "csv" �le and imported into Cytoscape v3.8.2 software for visualization.
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The graphical PPI networks of the up- and downregulated DEGs are shown in Figs. 2A.2B. The backbone
network of the up- and downregulated genes consist of 186 nodes and 138 nodes with clustering
coe�cients of 0.437 and 0.573, respectively. The Cytoscape plug-in Network Analyzer was used to
analyze the networks for both the up- and downregulated DEGs. Table 2 shows the topological
parameters of the up- and downregulated PPI networks.

We evaluating the degree of connection of up-regulated DEGs by Cytohubba in Cytoscape, and identi�ed
10 hub genes (ADCY9, CCL19, CXCL12, CXCL13, GNG2, LPAR1, CCL5, PYY, P2RY14, SST). The hub genes
shown with red nodes (ADCY9, GNG2, and LPAR1) had the strongest connections with others, while those
shown with orange (PYY, SST) and yellow nodes (CCL19, CXCL12, CXCL13, P2RY14) had the weakest
connections, respectively. (Fig. 2C). The Table 3 demonstrates the functional roles of 10 hub genes.

Analysis of GO and Enrichment
To explore the potential GO classi�cations and KEGG pathway-enriched genes from the dataset, we
imported all target DEGs into the online analysis tool WebGestalt (http://www.webgestalt.org/option.php)
to execute the annotation process, the signi�cant level is top 10 and FDR < 0.05. According to the website,
the input 472 users IDs in which 459 users IDs are unambiguously mapped to 459 unique entrezgene IDs
and 13 user IDs can’t be mapped to any entrezgene ID. The annotated results for the GO was divided
according to the BP (biological process), CC (cell component), and MF (molecular function), (p < 0.05,
FDR < 0.05). The results of the GO biological process (BP) analysis revealed that the upregulated DEGs
were mainly enriched in the adjustment of the homeostasis of various ions, maintaining cellular
homeostasis, and regulation of cellular component movement; the downregulated DEGs were mainly
elevated in antimicrobial humoral immune response mediated by antimicrobial peptide, and are effective
in regulating cell proliferation, cell cycle and cell cycle transition (Fig. 3A). For the GO molecular function
(MF) analysis, the upregulated DEGs were signi�cantly enriched in xenobiotic transmembrane
transporting ATPase activity, carbonate dehydratase activity, phosphoric diester hydrolase activity,and
extracellular matrix structural constituent, whereas the downregulated DEGs were largely enriched
incytokine activity, chemokine activity, cyclin − dependent protein serine/threonine kinase activity, cyclin − 
dependent protein kinase activity, and chemokine receptor binding (Fig. 3B). Concerning the GO cell
component (CC) analysis, the upregulated DEGs were mostly enriched in the brush border and brush
border membrane, cluster of actin − based cell projections, and microvillus, while the downregulated DEGs
were enriched in preribosome, small subunit precursor, cyclin − dependent protein kinase holoenzyme
complex, mitotic spindle, serine/threonine protein kinase complex (Fig. 3C). Moreover, we used the
WebGestalt to categorize the DEGs involved in various signaling pathways according to the KEGG
reference pathways (p < 0.05, FDR < 0.05). By examining the KEGG pathways, we noticed that the
upregulated DEGs were enriched in nitrogen metabolism, proximal tubule bicarbonate reclamation,
aldosterone − regulated sodium reabsorption, mineral absorption, and bile secretion (Fig. 3D). In total, the
GO and KEGG pathway enrichment analysis of both up- and downregulated DEGs were sorted out
(Table 4).
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Survival Analysis and Alterative Frequency of Hub Genes
GEPIA survival analysis was used to evaluate the overall association with survival of 10 hub genes
(ADCY9, CCL19, CXCL12, CXCL13, GNG2, LPAR1, CCL5, PYY, P2RY14, SST) were signi�cant related to
poor prognosis and survival times in CRC patients. In conclusion, we discovered that the high expression
of CCL19 (HR = 0.88) (Fig. 4B), CXCL13 (HR = 0.88) (Fig. 4C), GNG2 (HR = 0.98) (Fig. 4E), LPAR1 (HR = 
0.73) (Fig. 4F), CCL5 (HR = 0.77) (Fig. 4G), P2RY14 (HR = 0.83) (Fig. 4I), and PYY (HR = 0.80) (Fig. 4H)
were associated with improved overall survival in the CRC cell line. However, the high expression of
ADCY9 (HR = 1) (Fig. 4A), CXCL12 (HR = 1.1) (Fig. 4D) and SST (HR = 1.1) (Fig. 4J) were linked with worse
overall survival in the CRC cell line. The frequencies of genetic alterations of the 10 hub genes in CRC
were analyzed using the cBioPortal database. Approximately 6.4% of CRC clinical cases exhibited
signi�cant alterations in the 10 hub genes (Fig. 5A). Moreover, the interactions between those ten hub
genes were calculated in the GeneMANIA (Fig. 5B). Hierarchical clustering showed that the hub genes
could basically differentiate the colorectal cancer samples from the noncancerous samples (Fig. 5C).
Furthermore, the box plot analysis in GEPIA calculated the level of expression of the core genes in 275
CRC tissue samples and 349 normal tissue samples. The boxplot in (Fig. 6B, 6C, 6E) shows a
considerable increase in the level of core gene expression (CCL5, CCL19 and CXCL13) in the CRC cell line.
Moreover, the expression levels of ten hub genes between tumor and normal tissues were also compared
in the Oncomine to depict an overall graph (Fig. 6K), which was in consistent with the �ndings in GEPIA.
Combined together, the results show that CCL5, CCL19 and CXCL13 work as core genes that have a close
relationship with CRC.

KEGG Analysis of the Hub Genes
After the veri�cation of 10 hub genes applying Kaplan–Meier Overall Survival Analysis and GEPIA, KEGG
pathways of these hub genes were re-analyzed and transformed into another form via Uniprot to better
understand their functions; we identi�ed six pathways associated with the 10 hub genes (Table 5).
CXCL13, ADCY9, GNG2, CCL5, CCL19 and CXCL12 were enriched in the chemokine signaling pathway
(Fig. 7A), ADCY9, LPAR1, GNG2 and CXCL12 were enriched in the pathway in cancer (Fig. 7D), and
CXCL13, CCL5, CCL19 and CXCL12 were enriched in viral protein interaction with cytokine and cytokine
receptor (Fig. 7C), ADCY9, GNG2, CCL5 and CXCL12 were enriched in the human cytomegalovirus
infection (Fig. 7F), CXCL13, CCL5, CCL19 and CXCL12 were enriched in the cytokine-cytokine receptor
interaction (Fig. 7B), LPAR1, PYY, SST, P2RY14 were enriched in the neuroactive ligand-receptor
interaction ( P > 0.05 ) (Fig. 7E). Research has proved that chemokine signaling pathway and cytokine-
cytokine receptor interaction play important roles in the progression of CRC.15,16 Therefore, CXCL13,
CCL5, CCL19 may play important roles in the occurrence and development of CRC, which is in
accordance with the results proposed by survival analysis.

Discussion
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In spite of continuously progress in diagnostic and therapeutic methods, colorectal cancer still remains
one of the deadliest causes in malignant tumor of human digestive system. Due to relapse, drug
resistance and other reasons, the long-term survival rate of CRC patients is still unsatisfactory. Early
diagnosis plays a vital role in the prevention and prognosis of colorectal cancer. Currently, biomarker
performs as a signi�cant part in the detection and treatment of CRC patients. CEA has been most widely
accepted as tumor marker and used in monitoring the treatment effect of CRC patients.17 However, CEA
has speci�c expression in not only CRC, but also in other neoplasms too, e.g. gastric and pancreatic
cancers, and in in�ammatory conditions. Furthermore, CEA is unable to differentiate benign and
malignant polyps.18,19 Therefore, it is of of great urgency to study the expression pro�les and discover the
effective target genes of CRC.

In the present study, the microarray dataset of GSE32323 was selected to identify DEGs between CRC and
normal cells with a total of seventeen CRC samples and seventeen normal samples, and GSE4183 was
selected to identify DEGs between CA and normal cells with a total of �fteen CRC samples and eight
normal samples. A total of 749 DEGs were screened, including 471 upregulated and 278 downregulated
genes. Network has been con�rmed as reliable method, which allows researchers to gain insight into the
organization and structure of interacting proteins. A comprehensive set of topological parameters are
computed and displayed through this application, which includes the number of nodes, edges, and
connected components, the network centralization, heterogeneity, and clustering coe�cient, average
clustering coe�cients, and shortest path lengths.20 These parameters were applied to analyze the nodes
in PPI networks to imply the signi�cance of their functions in networks with different characteristics.
Furthermore, GO and KEGG were carried out to determine the biological process (BP), cell component
(CC), molecular function (MF) and pathways of these DEGs. For BP, the DEGs were signi�cantly
associated with ion homeostasis, inorganic ion homeostasis, cation homeostasis, cellular response to
endogenous stimulus and chemical homeostasis. In terms of CC, the upregulated DEGs were particularly
enriched in brush border membrane, cluster of actin-based cell projections, apical plasma of membrane
and collagen-containing extracellular matrix. Additionally, KEGG pathway enrichment showed remarkable
involvement of DEGs in pathways of nitrogen metabolism, proximal tubule bicarbonate reclamation,
aldosterone-regulated sodium reabsorption, mineral absorption and bile secretion and thyroid hormone
signaling pathway. According to the MF, DEGs mainly related to phosphoric diester hydrolase activity,
extracellular matrix structural constituent and carbonate dehydratase activity. A phosphodiester
hydrolase is a group of isoenzyme, which hydrolyze cyclic nucleotides, thereby reducing the levels of
cAMP and cGMP in cells, leading to tumorigenic effects.21 cAMP plays an important role in cell
proliferation, apoptosis and cell cycle regulation in many tumor cells. Moreover, some in vitro �ndings
have demonstrated the role of cAMP in the treatment of CRC.22 cGMP commonly presents as intracellular
second messenger and involved in various cellular processes as like cell growth, ion channel
conductance, apoptosis, cell mobility and contractility.23 The effects of anticancer in cGMP are mostly
associated with the activation of PKG and downstream effector pathways.24 Increasingly evidence
implies that, the effective inhibition of phosphoric diester hydrolase greatly contributes to the therapeutic
opportunities of patients with CRC.25,26 Therefore, the results we obtained are consistent with the
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function of upregulated genes in pathways that cause CRC. Simultaneously, the KEGG assessment
revealed that the downregulated genes were mainly enriched in cell cycle, IL-17 signaling pathway and
p53 signaling pathway. Interleukin 17 is a proin�ammatory cytokine, which is associated with cancer
progression.27 Many researches have proven that IL-17 plays a vital role in metastasis and prognosis of
CRC,28 speci�cally, its impacts on the tumorigenesis, angiogenesis, and metastasis of CRC.29,30 Thus, the
regulation of IL-17 affects the occurrence of CRC, which is consistent with the results of our analysis of
downregulated DEGs in KEGG pathway. Furthermore, p53 is the most commonly mutated tumor
suppressor gene in various kinds of malignant tumors,31 and its mutation are generally considered to
occur in the transition from adenoma to cancer.32 Meanwhile, discoveries found that those CRC patients
with p53 mutations were likely to receive a worse outcome and shorter survival time.33 Thus, p53 utilized
clinically as a therapeutic target for CRC to improve the prognosis of patients. Generally speaking, all the
theories provided above were consistent with our bioinformatic analysis result.

After more in-depth analysis of DEGs in PPI network, ten hub genes including ADCY9, CCL19, CXCL12,
CXCL13, GNG2, LPAR1, CCL5, PYY, P2RY14 and SST were screened, which expressed signi�cantly
different in colon cancer tissues compared with normal colon tissues. In addition, the expression levels of
the hub genes between CRC tissues and normal tissues were examined in the GEPIA2. Using the data
from Kaplan Meier plots on GEPIA2 to generate overall survival curves, we discovered that high
expression of CCL19, CXCL13, GNG2, LPAR1, CCL5, PYY and P2RY14 were associated with better
survival, and high expression of ADCY9, CXCL12 and SST were associated with decreased survival in the
CRC cell line. On the whole, CCL5, CCL19 and CXCL13 were con�rmed as core genes that were strongly
associated with overall survival in CRC. Thus, these three genes could greatly contribute to CRC
metastasis.

C-C motif chemokine ligand 5 (CCL5), also known as RANTES (Regulated upon Activation, Normal T-cells
Expressed, and Secreted), belongs to CC chemokine subfamily,34 which induces tumor proliferation and
in�ltration, promotes angiogenesis, and stimulates tumor cell metastasis. The interactions between CCL5
and its receptor CCR5 may result in tumor development and further may be associated with cancer
progression and metastasis,35 in accordance with the study that those two genes are overexpressed
within the primary as well as liver and pulmonary metastases compared to the healthy tissues.36 CCL5
favors the in vitro growth and the migratory responses of CRC cells from both human and mouse
origins.35 More recently, a new mechanism of immune escape mediated by CCL5 was proposed by Chang
et al.37 The knockout of CCL5 from CT26 mouse CRC cells suppresses apoptosis of tumor-in�ltrating
CD8 + T cells and reduces tumor growth in mice, which proved that CCL5 is correlated with higher levels
of apoptosis of CD8 + T cells and in�ltration of T-regulatory cells (T-reg). Thus, this research
demonstrated the potential value of CCL5 as a therapeutic target. There are two possible ways to apply
CCL5 and CCR5 as therapeutic targets in clinical use. Firstly, the inhibitors of CCL5/CCR5 interactions.
Quantities of speci�c small molecule CCR5 antagonists that are being used as antiviral therapies, which
are also effective in blocking CCR5 signal transduction, such as maraviroc and vicriviroc.38–40 Secondly,
the inhibitors of CCL5 secretion. Zoledronic acid signi�cantly in�uences the secretion of CCL5 and
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interleukin 6 in bone marrow-derived mesenchymal stem cells (MSCs)41 meaning that the drug could
have effect on antitumor activity by affecting the ability of MSCs to interact with cancer cells. Generally,
our current research leads us to speculate the CCL5/CCR5 axis as a potential therapeutic target in CRC.
However, applying this axis into practical application requires further research to clarify the effects of
CCL5 on cancer progression and the formation of an immunosuppressive microenvironment to insure
that such treatments are supported by the appropriate reasons.

C-C motif chemokine ligand 19 (CCL19), also named as macrophage in�ammatory protein 3-beta (MIP-
3b) or Epstein-Barr virus-induced molecule 1 ligand chemokine (ELC), which receptor is CCR7.42,43 This
type of cytokine may mainly play a role in normal lymphocyte recirculation and homing. Moreover, it
greatly contributes to the transport of T cells in thymus and the migration of T cells and B cells to
secondary lymphoid organs. Some research demonstrated that the CCL19/CCR7 axis reduces tumor cells
metastasis to regional lymph nodes to some extent,44 but it also acts as antitumor responses in some
sorts of solid tumors.45 Therefore, the CCL19 may perform both good and bad effects in cancer
prognosis. Jun Lu et al. proved that CCL19 have positive effect on suppressing the growth and invasion
of CRC proliferation,46 which may work through inhibiting wnt/β-catenin signaling pathway.47

Furthermore, the mechanism of CCL19 that inhibits the CRC was revealed. As dendritic cells (DCs)
mediate antitumor immunity by T-cell responses, the recruitment of dendritic cells (DCs) is regarded as a
useful method in antitumor immunotherapy. According to the report, CCL19 is able to recruit DCs, which
was highly expressed its speci�c receptor (CCR7).48,49 For the reason that, CCL19 is expected to be
designed as an antitumor targeted drug and applied to the clinic to improve the survival rate and
prognosis of patients.

C-X-C motif chemokine ligand 13, originally named B cell attracting chemokine 1 (BCA-1), which functions
in the homing of B lymphocytes to follicles.50 CXCL13 is the only ligand for CXCR5, which is a member of
the G protein-coupled receptors (GPCR) family. The CXCL13-CXCR5 axis is demonstrated to participate in
mediating in�ammatory diseases. Besides, it also take part in the development of tumor, as several
researches have proved that CXCL13 and its receptor CXCR5 can be applied as new target for the
detection and treatment of lymphoma.51 And moreover, the axis is overexpressed in tumor tissue and
peripheral blood of breast cancer patients,52 which is closely related to the poor prognosis of breast
cancer patients.53 In recent years, scientists discovered that CXCL13 and CXCR5 are overexpressed in
colon cancer tissues, and have high correlation with poor over all (OA) survival of CRC patients.54

Zhengyu Zhu et al.55 proved that the knockdown of CXCR5 weakened the CXCL13 mediated growth of
SW260 cells in colon cancer tissues, and further indicated that CXCL13-CXCR5 axis contributes to the
growth of colon cancer cells. In their study, CXCL13 strengthened the migration and invasion of colon
cancer cells with the help of CXCR5 in mainly two ways. The �rst one is in�uencing the expression of
MMPs, a family of zinc-binding endopeptidases, which are regarded as effective markers for tumor
invasion and metastasis.56 With the discovery of knocking down of CXCR5 decreased the production of
MMP-13 induced by CXCL13, further con�rming the conclusion that CXCL13 contributes to the
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progression and secretion of MMP-13, and demonstrated that CXCL13-CXCR5 axis is involved in the
regulation of colon cancer cell migration and invasion.55 Another way is that CXCL13-CXCR5 axis
induces the activation of AKT in colon cancer cells. PI3K/AKT pathway plays a vital role in the
development and progression of cancer.57 The blockage of PI3K/AKT pathway suppresses the CXCL13-
mediated growth, migration, and invasion of colon cancer cells, and further provides a new treatment
strategy for colon cancer.55

Overall, meaningful results were found in this study, our bioinformatics assessment proved that DEGs
may play a signi�cant role in the incidence, prognosis, growth, and development of CRC. Furthermore, the
core genes and pathways might become potential biomarkers that could be used for the detection and
targeting of CRC cells for therapy. However, there are still some limitations. To start with, due to the lack
of experimental veri�cation, some connections and mechanisms can’t yet to be con�rmed. Secondly, the
speci�c mechanisms of how these ten hub genes in�uence the tumorigenesis and progression of CRC are
not yet fully understood. Therefore, further investigations are required to �gure out the function and the
possible mechanism of these hub genes.

Conclusion
In conclusion, with the integrated bioinformatics analysis for gene expression pro�les in colorectal cancer
and colon adenoma, we found out ten hub genes (ADCY9, CCL19, CXCL12, CXCL13, GNG2, LPAR1, CCL5,
PYY, P2RY14 and SST) and three core genes (CCL5, CCL19 and CXCL13) closely associated with the
pathogenesis and prognosis of CRC. These hub genes may potentially become novel diagnostic and
prognostic biomarkers for early identi�cation of CA with cancerous potential, prognosis, targeted therapy
and gene therapy. However, further in-depth study (in vivo and in vitro experiment) is necessary to clarify
the biological function of these genes in colorectal cancer. Moreover, whether there are differences in the
expression of these genes in different stages of CRC also needs to be further studied and discussed.
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Figure 1

Volcano plot and Venn diagram of DEGs from dataset of colorectal tumor and normal cell lines. A.
Volcano plot of DEGs between CRC tissues and normal cell lines from the GSE32323 dataset (de�ned as
G1); B. Volcano plot of DEGs between CA tissues and normal cell lines from GSE4183 dataset (de�ned as
G2). x-axis: log2FC, large-scale fold changes; y-axis: -log10 of the p-value showing the statistical
signi�cance. Each black point represents one gene. The black points above the red line and beside the
blue line (left side and right side) represent log2FC ≥ 1 and p-value < 0.05; all DEGs that were CRC-related
are shown below the red line, which represents log2FC < 1 or p-value > 0.05. C. Venn diagram of up-
regulated overlapping 488 DEGs and down-regulated overlapping 278 DEGs from GSE32323, GSE483
datasets.

Figure 2

PPI networks of DEGs and hub genes. A. The protein networks of the upregulated DEGs visualized
applying Cytoscape are shown; B. The protein networks of the downregulated DEGs visualized applying
Cytoscape are shown. The representation is as follows: spheres represent the nodes, and the edges are
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shown as lines; C. A total of 10 Hub genes were identi�ed and selected from the PPI network. The
connection degree of each molecule with others gradually decreases from the red nodes to yellow ones.

Figure 3

GO and KEGG pathway analysis of the upregulated DEGs in CA and CRC. A. Top 10 GO biological process
(BP) analysis. B. Top 10 GO molecular function (MF) analysis. C. Top 10 GO cell component (CC)
analysis. D Top 10 KEGG pathways pro�les. All of the enrichment pathways were produced utilizing the
ggplot2 package in R language

Figure 4

The survival curves were plotted applying the online tool Kaplan Meier plotter in GEPIA2 web server. The
genes with high expression in the cohorts are shown in red, and the blue line demonstrates the low-
expression cohort. The survival curves are represented as dotted lines, and the solid line represents the
95% con�dence interval. HR stands for hazard ratio. The p-values were calculated using log-rank
statistics.
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Figure 5

Genetic alterations associated with hub genes in TCGA-CRC. A visual summary across on a query of ten
hub gene showing genetic alteration of ten hub genes in TCGA-CRC patients. B. The network contains 30
genes (10 hub genes and 20 relative genes). Relationship between hub genes and their receptors is also
illustrated. C. Hierarchical clustering of hub genes was constructed using UCSC. The samples under the
pink bar are non-cancerous samples and the samples under the blue bar are CRC samples. Upregulation
of genes is marked in red; downregulation of genes is marked in blue.

Figure 6

The expression level of hub genes between CRC and normal tissue according to GEPIA database. Three
hub genes were signi�cantly higher (P<0.01) in CRC tissues than those in normal colon tissues (Figure
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6B, 6C, 6E), which was in consistent with the �ndings in Oncomine (Figure 6K).

Figure 7

KEGG enrichment analysis of the hub genes. A. CXCL13, ADCY9, GNG2, CCL5, CCL19, and CXCL12 are
enriched in the chemokine signaling pathway (Chemokine represents CXCL13, CXCL12, CCL5, and CCL19,
AC represents ADCY9, and Gβγ represents GNG2). B. CXCL13, CCL55, CCL19 and CXCL12 are enriched in
the cytokine- cytokine receptor interaction. C. CXCL13, CCL5, CCL19, and CXCL12 are enriched in viral
protein interaction with cytokine and cytokine receptor. D. ADCY9, LPAR1, GNG2, and CXCL12 are
enriched in pathways in cancer (AC represents ADCY9, and βγ represents GNG2, and GPCR represents
LPAR1, and SPF1 represents CXCL12). E. LPAR1, PYY, SST, and P2RY14 are enriched in the neuroactive
ligand- receptor interaction (EDGL represents LPAR1, and NPY represents PYY). F. ADCY9, GNG2, CCL5,
and CXCL12 are enriched in the human cytomegalovirus infection (AC represents ADCY9, and Gβγ
represents GNG2). G. The conclusion of KEGG enrichment analysis of the hub genes, which is graphed in
the R Studio.
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