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Identification of candidate genes for the diagnosis and treatment
of cholangiocarcinoma using a bioinformatics approach
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Abstract. Cholangiocarcinoma (CCA) is a biliary epithelial
tumor with poor prognosis. As the key genes and signaling
pathways underlying the disease have not been fully eluci-
dated, the aim of the present study was to improve the
understanding of the molecular mechanisms associated with
CCA. The microarray datasets GSE26566 and GSE89749
were downloaded from the Gene Expression Omnibus and
differentially expressed genes (DEGs) between CCA and
normal bile duct samples were identified. Gene and pathway
enrichment analyses were performed, and a protein-protein
interaction network was constructed and analyzed. A total of
159 DEGs and 10 hub genes were identified. The functions
and pathways of the DEGs were mainly enriched in ‘heparin
binding’, ‘serine-type endopeptidase activity’, ‘calcium ion
binding’, ‘pancreatic secretion’, ‘fat digestion and absorption’
and ‘protein digestion and absorption’. Survival analysis
revealed that the upregulated expression of carboxypeptidase
B1 and Kruppel like factor 4 was significantly associated
with lower overall survival rate. In summary, the present
study identified DEGs and hub genes associated with CCA,
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analysis,

which may serve as potential diagnostic and therapeutic
targets for the disease.

Introduction

Cholangiocarcinoma (CCA) is a diverse epithelial malig-
nancy originating in the cholangiocytes, the epithelial
cells of the bile duct. The incidence of CCA has increased
globally over the past few decades (1). Chronic infection
and inflammation due to liver fluke infection, sclerosing
cholangitis and hepatitis C and B virus infections serve
a key role in cholangiocarcinogenesis, possibly through
the accumulation of genetic and epigenetic changes that
result in abnormalities in oncogenes and tumor suppressor
genes (2,3). The most commonly mutated genes in CCA,
including KRAS proto-oncogene GTPase (KRAS), tumor
protein p53 (TP53), B-Raf proto-oncogene, serine/threonine
kinase (BRAF), BRCAI associated protein 1(BAPI), and
SMAD family member 4 (SMAD4), are associated with
cell signaling pathways (for example, MAPKs signaling
and TGF-f signaling), cell cycle control and chromatin
dynamics (2,4). Previous studies have demonstrated that
KRAS point mutation in intrahepatic CCA (iCCA) may
affect patient prognosis (5). Furthermore, mutations in
KRAS and TP53 in mature cholangiocytes and hepatocytes
may cause iCCA (6). A combination of mitogen-activated
protein kinase kinase 1/2 and BRAF inhibitors has been
shown to be effective in patients with iCCA harboring the
BRAF V600E mutation (7). Activation of the transforming
growth factor-p/Smad4 signaling pathway accelerates CCA
cell invasion and migration via the epithelial-mesenchymal
transition (EMT) (8). Knockdown of BAPI increases CCA
cell proliferation, whereas overexpression of wild-type BAPI
significantly inhibits cell proliferation, suggesting that BAPI
exhibits tumor suppressive effects (9). Despite significant
efforts to elucidate the pathogenesis of CCA, the precise
molecular mechanisms involved remain unclear. Therefore,
the aim of the present study was to investigate the molecular
mechanisms involved in the pathogenesis of CCA and to
identify potential therapeutic targets.

In recent years, microarray technology has attracted atten-
tion due to its ability to rapidly and simultaneously quantify the
expression levels of several genes, and is particularly suitable
for the screening of differentially expressed genes (DEGs) (10).
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Several microarray-based studies on CCA have identified
numerous DEGs (11,12). However, previous reports were
limited to independent microarray analysis or single cohort
studies (13). Therefore, in order to identify more accurate and
practical biomarkers, the present study analyzed two mRNA
microarray datasets (GSE26566 and GSE89749), downloaded
from the Gene Expression Omnibus (GEO), and screened for
DEGs between cholangiocarcinoma and normal bile duct
samples. Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway enrichment analyses
were subsequently performed and a protein-protein interac-
tion (PPI) network was constructed. The results obtained in
the present study may aid the early diagnosis and treatment
of CCA.

Materials and methods

Microarray data. The current study aimed to elucidate the
potential key candidate genes in CCA. Two gene expression
profiles, GSE26566 (11) and GSE89749 (12), were down-
loaded from the GEO database (ncbi.nlm.nih.gov/geo). The
GSE26566 dataset consisted of an mRNA expression profile of
104 CCA and 6 normal bile duct samples, while the GSE89749
dataset included 118 CCA and 2 normal bile duct samples. The
normal bile duct samples were obtained from healthy controls.
The samples in the GSE26566 dataset were obtained from
three countries (Australia, Belgium and the United States of
America) and the samples in GSE89749 dataset were obtained
from ten countries (Singapore, Romania, Thailand, Italy,
France, Korea, Brazil, Taiwan, China and Japan).

DEGs screening. The DEGs between CCA and normal bile
duct samples were identified using GEO2R (www.ncbi.nlm.
nih.gov/geo/geo2r), an interactive online tool used to identify
DEGs by comparing samples from the GEO database. The
cut-off criteria for the selection of DEGs were P<0.01 and a
llog fold-changel=1. Default settings were used as the screening
criteria throughout the entire bioinformatics analysis process,
as has been reported in previous studies (14,15).

GO and KEGG analyses of DEGs. GO (geneontology.org)
and KEGG (www.genome.jp/kegg) enrichment analyses of
the DEGs were performed using the Database for Annotation,
Visualization and Integrated Discovery (DAVID version 6.8;
david.ncifcrf.gov) with P<0.05 as the cut-off criterion. DAVID
provides a comprehensive set of gene functional annotation
information to extract biological information (16).

PPI network of DEGs. The PPI network was constructed using
Cytoscape version 3.7.0 software (www.cytoscape.org) (17)
based on the Search Tool for the Retrieval of Interacting Genes
(STRING version 11.0; string-db.org). STRING is a system
for searching for interactions between proven and predicted
proteins (18). In the present study, genes with a combined
score of >0.4 were considered significant. Sub-modules of
the PPI network were analyzed using the Cytoscape plug-in
Molecular Complex Detection (MCODE version 1.5.1) (19)
with the criteria set as follows: MCODE score >4, node score
cut-off=0.2, degree cut-off=2, max depth=100 and k-core=2.
GO and KEGG analyses for the genes in the most significant
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sub-module were subsequently performed using Metascape
version 3.5 (metascape.org) (20).

Hub gene selection and analysis. The top 10 genes ranked
by network degree were selected as the hub genes. The corre-
sponding proteins may be key candidate proteins with important
physiological regulatory functions. GO and KEGG analyses for
the hub genes were subsequently performed using Metascape
version 3.5. A network of the genes and their co-expression
genes was analyzed using cBioPortal (cbioportal.org), as
described previously (21,22). The University of California,
Santa Cruz Cancer Genomics Browser (genome-cancer.ucsc.
edu) was used for the hierarchical clustering of the hub genes,
and for examining the association between changes in the
hub genes and the Child-pugh classification grade or days to
death (23). Survival analyses were performed to assess the
prognostic value of the hub genes identified in the present
study in CCA. Kaplan-Meier analysis in the cBioPortal online
platform was used for overall survival rate and disease-free
survival analyses of the hub genes based on a dataset from The
Cancer Genome Atlas (TCGA; cancergenome.nih.gov/) which
contained 51 CCA samples.

Results

DEGs screening. A total of 1,870 and 591 DEGs between CCA
and normal bile duct samples were identified in the GSE26566
and GSE89749 datasets, respectively. The overlap between
the two datasets included 159 DEGs (135 upregulated and 24
downregulated genes; Fig. 1).

GO and KEGG enrichment analysis of DEGs. Candidate
DEGs were subjected to function and pathway enrichment
analysis in DAVID. GO analysis included biological processes
(BP), cell components (CC) and molecular functions (MF). BP
results suggested that the DEGs were mainly enriched in ‘cell
adhesion’, ‘digestion’ and ‘defense response to gram-positive
bacteria’ (Fig. 2A). CC results revealed that the DEGs were
mainly enriched in ‘extracellular space’, ‘proteinaceous
extracellular matrixes’ and ‘extracellular regions’ (Fig. 2B).
MF results suggested that the DEGs were mainly enriched
in ‘heparin binding’, ‘calcium ion binding’ and ‘serine-type
endopeptidase activity’ (Fig. 2C). The KEGG pathway
analysis suggested that the DEGs were mainly associated
with ‘pancreatic secretion’, ‘fat digestion and absorption’ and
‘protein digestion and absorption’ (Fig. 2D).

PPI network of the DEGs. A PPI network containing 84 nodes
and 155 edges was constructed using Cytoscape software
based on the STRING database (Fig. 3A). The most significant
sub-module was extracted from the PPI network complex
using MCODE (Fig. 3B). The functions of the genes in the
aforementioned sub-module were analyzed using the online
tool Metascape. The sub-module consisted of 7 nodes and 17
edges, which were mainly associated with ‘cell chemotaxis’,
‘G-protein coupled receptor signaling pathway’ and ‘positive
regulation of response to external stimulus’ (Fig. 3C).

Hub gene selection and analysis. The top 10 genes ranked by
network degree were selected as hub genes and are presented in
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Table I. Functions of the 10 hub genes.

Gene symbol

Full name

Function

IL-6 Interleukin 6

MYC MYC proto-oncogene

SST Somatostatin

CXCLI2 CXC motif chemokine ligand 12
NPY Neuropeptide Y

LPARI Lysophosphatidic acid receptor 1
PLA2GIB Phospholipase A2 group 1B
CPBI Carboxypeptidase B1

PNLIP Pancreatic lipase

KLF4 Kruppel like Factor 4

Encodes a cytokine that functions in inflammation and the maturation
of B cells

Proto-oncogene that encodes a nuclear phosphoprotein that plays a role
in cell cycle progression, apoptosis and cellular transformation
Inhibits the release of numerous secondary hormones

Plays a role in a number of cellular functions, including embryogenesis,
immune surveillance, inflammation response, tissue homeostasis and
tumor growth and metastasis

Influences several physiological processes, including cortical
excitability, stress response, food intake, circadian rhythms and cardio-
vascular function

Encodes the lysophosphatidic acid receptor, mediate diverse biologic
functions, including proliferation, platelet aggregation, smooth muscle
contraction, chemotaxis, and tumor cell invasion.

Encodes a secreted member of the phospholipase A2 class of enzymes.
The enzyme may be involved in several physiological processes
including cell contraction, cell proliferation and pathological response.
Carboxypeptidase B1 is a highly tissue-specific protein and is a useful
serum marker for acute pancreatitis and dysfunction of pancreatic
transplants.

Encodes an enzyme involved in the digestion of dietary fats

The encoded zinc finger protein is required for normal development of
the barrier function of skin. The encoded protein is thought to control
the G1-to-S transition of the cell cycle following DNA damage by
mediating the tumor suppressor gene p53.

GSE2656

GSE89749

Figure 1. Venn diagram of the DEGs between cholangiocarcinoma and normal bile duct samples in the GSE26566 and GSE89749 datasets. A total of 159
overlapping DEGs were identified between the two datasets. DEGs, differentially expressed genes.

Table I. KEGG pathway analysis revealed that hub genes were
mainly associated with the activation of the phosphoinositide
3-kinase-protein kinase B (Akt) signaling pathway (Table SI).
A network of the hub genes and their co-expression genes
was analyzed using cBioPortal (Fig. 4A). PLA2GIB and
PNLIP did not interact with other genes in the network, thus,
only eight hub genes appeared in the network. Hierarchical

clustering revealed that among the patients with CCA with
upregulated hub genes, the patients were classified as grade
B using the Child-pugh classification grade, and the days to
death value was relatively small (Fig. 4B). The expression of
MYC and LPARI did not an alteration in the TCGA dataset.
As aresult, the survival curves of 8 out of the 10 hub genes are
presented in the current study. The 6 hub genes that did not
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Figure 2. Gene ontology analysis, including (A) biological process, (B) cell component and (C) molecular function.
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Figure 2. Continued. (D) Kyoto Encyclopedia of Genes and Genomes analysis of the differentially expressed genes.
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Figure 3. PPI network and the most significant sub-module of DEGs. (A) The PPI network was constructed using the Search Tool for the Retrieval of Interacting
Genes and Cytoscape software.
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Figure 3. Continued. (B) The most significant sub-module consisted of seven nodes and 17 edges. (C) GO and Kyoto Encyclopedia of Genes and Genomes pathway
enrichment analysis of the DEGs in the most significant sub-module. PPI, protein-protein interaction; DEGs, differentially expressed genes; GO, Gene Ontology.
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Figure 4. (A) Hub genes and their co-expression genes were analyzed using cBioPortal. Nodes with a bold black outline represent hub genes. Nodes with a thin
black outline represent the co-expression genes. (B) Hierarchical clustering of the hub genes was performed using the University of California, Santa Cruz Cancer
Genomics Browser. The genomic heat map is presented on the left and the clinical heat map is presented on the right. Grey represents no data. Red and blue
represent upregulation and downregulation, respectively. The blue and red cells in the Child-Pugh classification column represents grade A and B, respectively.
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Figure 5. (A) Overall and (B) disease-free survival time analyses of CPB/ and KLF4 were performed using the cBioPortal online platform. P<0.05 was
considered to indicate a statistically significant difference. CPBI, carboxypeptidase B1; KLF4, Kruppel like factor 4.

have a significant effect on patient outcome are presented in
Fig. S1. Patients with CCA with carboxypeptidase B1 (CPBI)
and KLF4 (Kruppel like factor 4) upregulation, had lower
overall survival rates compared with patients without altera-
tions (P=0.008 and 0.046 respectively; Fig. 5A). However,
whilst CPBI upregulation was significantly associated with
lower overall survival, it was not associated with disease-free
survival (P=0.912; Fig. 5B). The Kaplan-Meier estimate could
not be used for the disease-free survival analysis of KLF4 due
to the lack of clinical data on the ‘disease-free survival time’
of patients with the upregulation.

Discussion

CCA is the second most common hepatobiliary malignancy
after hepatocellular carcinoma (24). The main etiological
factors of CCA include primary sclerosing cholangitis,
cirrhosis and hepatitis C and B infections (25). While chronic
infection and inflammation in the bile ducts play a major role
in CCA, the molecular mechanisms involved in CCA remain
poorly understood. The most commonly mutated genes in
CCA are SMAD4, TP53, KRAS, BAPI, isocitrate dehydro-
genase [NADP(+)] 1 cytosolic, isocitrate dehydrogenase
[NADP(+)] 2 mitochondrial and roundabout guidance receptor

2 (2,4). In addition, CCA has been reported to be associated
with inflammation, the growth factor signaling pathway, cell
signaling pathways and epigenetic regulation (3,26). There are
currently no effective clinical biomarkers and targeted molec-
ular therapies for the early diagnosis and treatment of CCA;
consequently, the 5-year survival rate is ~10% (27). There
is therefore a requirement of the identification of diagnostic
markers for CCA. Microarray technology has previously been
used to identify novel biomarkers in various diseases and may
also be applied to uncover diagnostic markers in CCA (10).

In the present study, two microarray datasets (GSE26566
and GSE89749) were obtained from the GEO and analyzed to
identify DEGs between CCA and normal bile duct samples.
In total, 159 DEGs (135 upregulated and 24 downregulated)
were identified. GO and KEGG enrichment analyses were
performed to investigate interactions among the DEGs and
a PPI network was constructed, revealing 10 hub genes. The
PPI network demonstrated that interleukin-6 (IL-6) had the
largest number of nodes (20 nodes) and directly interacted
with c-Myc, somatostatin, C-X-C motif chemokine 12
(CXCLI2), neuropeptide Y (NPY) and LPARI, suggesting
that IL-6 may serve an important role in CCA. Consistent
with the results obtained in the current study, a recent study
demonstrated that increased IL-6 expression plays a central
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role in the pathogenesis and progression of CCA (28). In addi-
tion, the circulating level of IL-6 in patients with CCA was
reported to be increased compared with healthy controls (29).
Moreover, overexpression of IL-6 promotes cell survival in
malignant cholangiocytes and enhances tumor growth (30). A
previous study reported that a combination of increased levels
of leucine-rich a-2-glycoprotein 1, carbohydrate antigen 19-9
and IL-6 in the serum could be sued to discriminate between
biliary tract cancer (CCA and gallbladder carcinoma) and
benign biliary disease (31). c-MYC is a proto-oncogene and
encodes a nuclear phosphoprotein, which primarily regulates
apoptosis, cell cycle progression and cellular transforma-
tion (32). A previous study showed that c-MYC is upregulated in
human CCA (33). Furthermore, cyclin D1, a c-Myc target gene,
is a molecular biomarker of CCA (34). Knockdown of c-Myc
significantly reduced the extent of cholangiofibrosis and chol-
angioma in vivo, highlighting the importance of c-Myc in the
progression of CCA (35). C-X-C motif chemokine receptor 4
(CXCR4) selectively binds CXCL12 and the CXCR4/CXCL12
axis has been shown to be involved in tumorigenesis, cell
proliferation and angiogenesis in CCA (36). A recent study
suggested that serum CXCLI12 levels may serve as a potential
biomarker for predicting the clinical outcome in CCA (37).
However, in the present study, elevated CXCL12 levels were
not significantly associated with disease-free or overall
survival. This may be due to the cBioPortal survival analyses
performed, which were based on the association between gene
mutation and prognosis, whereas high expression in serum is
generally caused by a mutation or upregulation (38).

The association between CCA and the hub genes NPY,
LPARI, phospholipase A2 group IB, CPBI, pancreatic lipase
and KLF4 has not been widely reported. NPY expression
has been shown to be upregulated in CCA (39,40), therefore
regulating NPY expression may be beneficial for the treat-
ment of CCA. Previous research demonstrated that KLF4
and microRNA-21 play a key role in mediating the EMT in
CCA cells via the Akt/extracellular signal-regulated protein
kinase 1 and 2 signaling pathway (41). Hierarchical clustering
revealed that the hub genes identified in the present study may
be used to differentiate CCA from normal bile duct samples.
Furthermore, upregulation of CPBI and KLF4 was associated
with a lower overall survival rate, suggesting that the afore-
mentioned genes may serve important roles in the progression
of CCA.

In summary, the present study identified DEGs that may be
involved in the carcinogenesis or progression of CCA. A total
of 159 DEGs and 10 hub genes were identified, which following
further investigation may serve as diagnostic biomarkers and
novel therapeutic targets for CCA.
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