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Abstract. The present study aimed to identify the key genes
that are associated with the progression of intrahepatic
cholangiocarcinoma through weighted gene co‑expression
network analysis (WGCNA). A total of three gene datasets
were downloaded from the Gene Expression Omnibus database, including GSE107943, GSE119336 and GSE26566.
Differentially expressed genes (DEGs) between intrahepatic
cholangiocarcinoma tissues and adjacent liver tissues were
identified using GSE107943, while tissue specific genes
between bile duct and liver tissues were identified using
GSE26566. Following the removal of tissue‑specific genes,
real DEGs were used to construct the WGCNA to investigate
the association between gene modules and clinical traits.
Following functional analysis, pathway enrichment analysis
and the construction of a protein‑protein interaction (PPI)
network were performed, hub genes were selected and their
diagnostic value was verified in GSE119336 using a receiver
operating characteristic curve. Finally, the protein levels of
the hub genes were also verified in intrahepatic cholangiocarcinoma tissues. A total of 1,643 real DEGs were identified
and used to construct the WGCNA. Additionally, a total of
seven co‑expressed gene modules were identified following
WGCNA, while genes in brown and yellow modules were
identified to be associated with multiple clinical traits (the
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number of clinical traits >3) and used as key modules. A total
of 63 core key module genes were subsequently identified,
and it was indicated that these genes were most enriched in
the nucleus (Gene Ontology term) and the cell cycle pathway
(Kyoto Encyclopedia of Genes and Genomes term). Finally,
a total of eight genes, including cyclin B1, cell division cycle
20, cell division cycle associated 8, cyclin dependent kinase
1, centrosomal protein 55, kinesin family member 2C, DNA
topoisomerase IIα and TPX2 microtubule nucleation factor,
exhibited the highest score in PPI analysis and had a high
diagnostic value for intrahepatic cholangiocarcinoma. In addition, the protein levels of these genes were also revealed to
be increased in most intrahepatic cholangiocarcinoma tissues.
These eight genes may be used as novel biomarkers for the
diagnosis of intrahepatic cholangiocarcinoma.
Introduction
Among the numerous types of primary liver malignancy,
intrahepatic cholangiocarcinoma accounts for ~15% of cases
globally. In previous years, the incidence of intrahepatic
cholangiocarcinoma has risen, and this rise is anticipated to
increase further (1). However, >50% of patients who undergo
excision exhibit disease recurrence, which most commonly
occurs in the remnant liver (2). The molecular mechanisms
of the progression of intrahepatic cholangiocarcinoma have
yet to be determined. Therefore, it is necessary to identify the
molecular mechanisms associated with the development of
intrahepatic cholangiocarcinoma.
High‑throughput microarray and RNA sequencing technology, which are able to identify changes in gene expression,
have been widely used in studying the etiology of numerous
cancer types, including hepatocellular carcinoma (3),
breast cancer (4) and pancreatic cancer (5). Screening novel
biomarkers for tumor diagnosis and the pathways associated
with tumor development, recurrence and drug resistance, are
also critical. Using bioinformatics analysis, Xiao et al (6)
revealed five potential biomarkers that serve a key function in
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the progression of adrenocortical carcinoma and are associated
with a poor outcome. Similarly, through integrated analysis,
Huang et al (7) investigated five genes that were indicated to
contribute to multidrug resistance in patients with Hodgkin's
lymphoma. However, the molecular mechanisms associated
with the progression of intrahepatic cholangiocarcinoma are
yet to be determined.
In the present study, GSE107943 was used as a
discovery cohort to identify differentially expressed genes
(DEGs) and perform weighted gene co‑expression network
analysis (WGCNA), while GSE26566 was used to identify
tissue‑specific genes. Furthermore, GSE119336 was used as a
validation cohort. Subsequent to the removal of tissue‑specific
genes, real DEGs were used to construct the WGCNA.
Followed by Gene Ontology (GO) enrichment analysis, Kyoto
Encyclopaedia of Genes and Genomes (KEGG) analysis,
protein‑protein network (PPI) interactions, receiver operating
characteristic curve (ROC) analysis and immumohistochemical staining on intrahepatic cholangiocarcinoma tissues, the
hub genes were identified. These hub genes may be used for
future developments for the diagnosis and treatment of intrahepatic cholangiocarcinoma.
Materials and methods
Data processing. Gene expression profile data GSE107943,
GSE119336 and GSE26566 were obtained from the Gene
Expression Omnibus (http://www.ncbi.nlm.nih.gov/geo) (8).
A total of 27 adjacent tissues and 30 intrahepatic cholangiocarcinoma tissues were included in the GSE107943 profile.
A total of 15 adjacent tissues and 15 intrahepatic cholangiocarcinoma tissues were included in the GSE119336 profile. A
total of 59 normal liver tissues and 6 normal bile duct tissues
were included in the GSE26556 profile. The GSE107943
array data were acquired from Illumina NextSeq 500 (Homo
sapiens; GPL18573). The GSE119336 array data were acquired
from Illumina HiSeq 2000 (Homo sapiens; GPL11154).
The GSE26566 array data were acquired from Illumina
humanRef‑8 v2.0 expression beadchip (GPL6104). The gene
expression profile data were normalized using R software
(version: 3.5.2) prior to DEG analysis.
DEG analysis. The R software was used to identify DEGs
in 27 adjacent non‑tumor tissues and 30 intrahepatic cholangiocarcinoma tissues. The tissue‑specific genes between 59
normal liver tissues and 6 normal bile duct tissues were also
analyzed. A |log2 fold change (FC)|≥2 and an adjusted value
of P<0.05 were considered to indicate a statistically significant difference. The expressions of all genes are presented
in a volcano plot, while the expression of DEGs in each
sample is presented in a heatmap. Following the removal of
tissues‑specific genes, real DEGs were obtained and included
in the WGCNA analysis.
Construction of WGCNA. The R package ‘WGCNA’ was used
in the present study to construct a co‑expression network for
the real DEGs identified in the 30 intrahepatic cholangiocarcinoma samples. To construct the WGCNA, the expression
profile of DEGs and their clinical trait information were
imported into R software. A Pearson's correlation analysis was

subsequently performed to cluster samples and detect outliers.
The threshold for identifying outlier samples was 80 cut‑height,
and the results identified no outlier samples (Fig. S1). All gene
pairs were then analyzed using Pearson's correlation analysis,
and a matrix of similarity was constructed based on this
analysis. Subsequently, to achieve a scale‑free co‑expression
network, the matrix of similarity was constructed using a
soft power of β=5. The adjacency matrix was then translated
into a topological overlap matrix (TOM). Furthermore, the
median linkage hierarchical clustering was analyzed using the
TOM‑based dissimilarity measure with the mini‑size set as
30.
Identification of clinically significant modules and
verification of module hub genes. Following the construction
of the WGCNA, different module eigengenes and their corresponding clinical traits were correlated. These traits included
the recurrence, disease free survival in months, tumor associated mortality, overall survival in months, carcinoembryonic
antigen expression, carbohydrate antigen 19‑9 expression,
tumor differentiation, tumor class (Child‑Pugh score) (9),
American Joint Committee on Cancer stage (10), tumor size,
vascular invasion and hepatitis B infection. Modules were
considered relevant to the clinical phenotype if their correlation score with clinical traits was >0.3 and if they exhibited a
P<0.05 statistically significant difference. Modules associated
with multiple clinical traits (the number of clinical traits >3)
were set as key modules. These modules were then selected and
enrolled in further analysis. The gene significance (GS), which
was quantified using associations between individual genes
and the clinical trait of interest, and the module membership
(MM), which was the correlation between the module eigengenes and the gene expression profiles, were calculated. MM
was defined as >0.8 and GS was defined as >0.2 for screening
module core genes. If modules were associated with numerous
clinical traits, the Bioinformatics & Evolutionary Genomics
Venn Diagram tool (http://bioinformatics.psb.ugent.be/webtools/Venn/) was used to locate intersected module core genes.
GO and pathway enrichment analysis. DAVID 6.8
(http://david‑d.ncifcrf.gov/) (11,12) was used in the present
study to perform functional enriched analysis and pathway
enrichment analysis for the module core genes, including
in GO (biological process, molecular function and cellular
component) and KEGG pathway analysis. P<0.05 was considered to indicate a statistically significant result. The results of
GO and KEGG analysis were visualized using R software.
Construction of the PPI network. STRING (available online:
http://string‑db.org) (13) was used in the present study to
construct the PPI network, and the node and edge information
was exported into a text file. Cytoscape software (version: 6.1;
https://cytoscape.org/) was used to visualize the PPI network
and analyze the combined degree of module hub genes (14).
Finally, degree analysis was performed and genes with the
highest degree score were identified as hub genes in the PPI
network.
Diagnostic value of hub genes. The sensitivity and specificity
of the hub genes identified in the present study were evaluated
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through the ROC curve analysis based on the gene expression
profile GSE119336. The ROC curve was created using SPSS
20.0 (IBM Corp., Armonk, NY, USA). Genes exhibiting an
area under the curve (AUC) value of >0.7 were considered to
exhibit a good diagnostic value.
Tissues ethics. The procedures of the present study were ethically approved by the Clinical Ethics Management Committee
of Renmin Hospital of Wuhan University. A total of 23 intrahepatic cholangiocarcinoma tissues and corresponding adjacent
tissues were obtained between April 2019 and August 2019.
None of the patients enrolled in the present study received
neoadjuvant chemotherapy, radiotherapy or immunotherapy
prior to surgery. Similarly, these patients had no other systemic
diseases, such as diabetes mellitus and rheumatic disease. All
patients (mean age, 54.3±9.2, range, 41‑69 years; 10 males and
13 females) who provided tissue samples provided written
informed consent.
Immumohistochemical staining. All tissues were fixed in 4%
paraformaldehyde for 30 min under room temperature and
sectioned into 4‑µm thick paraffin‑embedded sections. After
heating at 60˚C for 1 h, the specimens were deparaffinized
using xylene under room temperature and rehydrated with
graded ethanol (100, 80, 60 and 40%). Subsequent to antigen
retrieval with sodium citrate (100 mM), the sections were
blocked using 3% H 2O2 for 20 min and 5% bovine serum
albumin (Wuhan Servicebio Technology Co., Ltd., Wuhan,
China) for 30 min under room temperature. The specimens
were then incubated with the primary antibodies, including
CCNB1 (1:400; cat. no. A16800; ABconal Biotech Co., Ltd.),
CDC20 (1:400; cat. no. A15656; ABconal Biotech Co., Ltd.),
CDCA8 (1:400; cat. no. A12594; ABconal Biotech Co., Ltd.),
CDK1 (1:400; cat. no. A2861; ABconal Biotech Co., Ltd.),
CEP55 (1:500; cat. no. 23891‑1‑AP; ProteinTech Group,
Inc.), KIF2C (1:400; cat. no. A5449; ABconal Biotech Co.,
Ltd.), TOP2A (1:200; cat. no. A0726; ABconal Biotech Co.,
Ltd.) and TPX2 (1:200; cat. no. A4522; ABconal Biotech
Co., Ltd.) for 12 h at 4˚C. Subsequently, the sections were
immunohistochemically stained with horseradish peroxidase
(HRP)‑conjugated secondary goat anti‑mouse and ‑rabbit
antibodies (cat. no. G1210‑2‑A‑100; dilution: 1:200; Wuhan
Servicebio Technology Co., Ltd.) for 2 h at room temperature. Subsequent to incubation with the Cell and Tissue
Staining HRP‑3,3'‑diaminobenzidine kit (Wuhan Servicebio
Technology Co., Ltd.), an orthophotomicroscope was used to
collect images. Finally, the protein levels of the target genes
were evaluated according to the sum of the intensity and
percentage scores. Stain intensity score: 0 (no staining), 1
(+), 2 (++) and 3 (+++); the proportion of positive cells score:
0 (0‑1%), 1 (1‑33%), 2 (34‑66%) and 3 (67‑100%). The total
staining scores were defined as follows: 0‑2 (low expression);
3‑4 (moderate expression); 5‑6 (high expression). The intensity
and percentage scores were determined using Image pro plus
software (version number: 6.0; Media Cybernetics, Inc.).
Results
Identiﬁcation of real DEGs. A GSE107943 profile including
30 intrahepatic cholangiocarcinoma tissues and 27 adjacent
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non‑tumor tissues was used to identify DEGs. DEGs were
identified using R software and the cutoff was set as |log2FC|≥2
and an adjusted P‑value <0.05. A total of 1,675 DEGs were
identified between intrahepatic cholangiocarcinoma and the
adjacent non‑tumor tissues, including 1,129 upregulated DEGs
and 546 downregulated DEGs (Fig. 1A and B). The adjacent
tissues originated from liver tissues, therefore, genes known
to be differentially expressed between liver and bile duct
tissues needed to be removed. The gene expression profile of
GSE26566 was used to identify specific genes that differed
between liver and bile duct tissues. The results indicated that
153 genes were upregulated in normal bile duct tissues and
3 genes were upregulated in normal liver tissues (Fig. 1C).
Subsequent to removing tissues‑specific genes which were
contained in the DEGs indicated by the analysis of GSE107943,
the 1,643 real DEGs, which included 1,098 real upregulated
DEGs and 545 real downregulated DEGs, were identified
(Fig. 1D). All real DEGs were subsequently included in the
WGCNA analysis.
WCGNA construction. To construct the WGCNA, a soft power
of β=5 (scale‑free R2=0.88) was selected as the soft threshold
to ensure a scale‑free network (Fig. 2A‑D). A total of seven
co‑expressed modules were identified (black, brown, blue,
yellow, green, red and turquoise), while genes with no cluster
were distributed in the grey module (Fig. 2E). The seven
co‑expressed networks were then used in further analysis.
Identification of significant modules and module core genes.
The results revealed five modules that were significantly
associated with clinical traits in patients with intrahepatic
cholangiocarcinoma, including black, brown, blue, yellow and
red modules. Genes in blue and black modules were significantly associated with tumor class (R=0.41, P=0.02; R=0.71,
P=1x10 ‑05; respectively), while genes in red modules were
significantly associated with tumor class (R=‑0.74, P=3x10‑06)
and HBV infection (R=0.41, P=0.02). Genes in brown modules
were significantly associated with tumor recurrence (R=0.52,
P=0.003), tumor‑associated mortality (R=0.47, P=0.009),
serum carbohydrate antigen 19‑9 (CA19‑9) expression (R=0.45,
P=0.01) and tumor class (R=0.49, P=0.006). Furthermore,
genes in yellow modules were significantly associated with
recurrence (R=0.49, P=0.006), disease‑free survival in months
(R=‑0.41, P=0.02), tumor‑associated mortality (R=0.52,
P=0.003) and tumor class (R=0.83, P=2e‑08; Fig. 3). Due to
genes in brown and yellow modules being significantly associated with the number of clinical traits (>3), these modules were
regarded as key modules and used in the subsequent analysis.
The MM in the brown module and the gene significance for
tumor recurrence, mortality, serum CA199 expression and
tumor class exhibited a high correlation (cor=0.5 for recurrence;
cor=0.31 for tumor‑associated mortality; cor=0.45 for CA199
expression; cor=0.38 for tumor class; Fig. 4A‑D). Furthermore,
a total of 38 genes were demonstrated to meet the threshold
in the brown module for the four clinical traits, and these 38
genes were identified as core genes (Fig. 4E). Additionally, the
MM in the yellow module and the gene significance for tumor
recurrence, disease‑free survival in months, tumor‑associated
mortality and tumor class also exhibited a high correlation
(cor=0.59 for recurrence; cor=0.29 for disease‑free survival
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Figure 1. Identification of real DEGs in intrahepatic cholangiocarcinoma. (A) A volcano plot revealing the expression of all genes in GSE107943. The red dots
represent all upregulated DEGs, and blue dots represent all downregulated DEGs. (B) A heatmap chart revealing the expression of each DEG in each sample in
GSE107943. Green indicates downregulated, while red indicates upregulated. (C) A heatmap chart revealing DEGs (also named tissue‑specific genes) between
normal liver tissues (n=59) and normal bile duct tissues (n=6). Venn diagram indicating the real DEGs that were (D) upregulated or (E) downregulated in
intrahepatic cholangiocarcinoma. DEG, differentially expressed genes; FC, fold change.

in months; cor=0.55 for tumor‑associated mortality; cor=0.85
for tumor class; Fig. 4F‑I). Furthermore, a total of 25 genes in
the yellow module met the threshold for the four clinical traits,
and these 25 genes were identified as core genes (Fig. 4J).
Therefore, a total of 63 core genes in the brown and yellow
modules were used in further analysis.
Functional and pathway analysis of core genes. To understand the enriched function and the KEGG pathway in the
63 core genes, the DAVID online tool was used. The results
demonstrated that the top five biological processes that were
associated with these 63 core genes were mitotic spindle
assembly, mitotic metaphase plate congression, positive
regulation of mitosis, mitotic sister chromatid segregation
and the spindle checkpoint (Fig. 5A). Only three molecular
function terms were indicated, and these were genes that

were enriched in ATP binding, chromatin binding and
DNA binding (Fig. 5B). Furthermore, the top five cellular
components which were associated with these genes were the
nucleus, cytoplasm, nucleoplasm, midbody and cell membrane
(Fig. 5C). Furthermore, the results revealed that the core
genes were enriched in five pathways: The cell cycle pathway,
oocyte meiosis pathway, p53 signaling pathway, insulin secretion pathway and progesterone‑mediated oocyte maturation
pathway (Fig. 5D).
Construction of PPI network and verification of hub genes.
To identify hub genes in intrahepatic cholangiocarcinoma, a
total of 63 module core genes were used to construct the PPI
network. A total of 56 nodes and 512 edges were indicated in
the network (Fig. 6A). Furthermore, the results revealed that
CCNB1, CDC20, CDCA8, CDK1, CEP55, KIF2C, TOP2A
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Figure 2. Selection of threshold and construction of weighted gene co‑expression network analysis. (A) Scale independence. (B) Mean connectivity of various
soft‑thresholding values (β). (C) Histogram of connectivity distribution when β=5. (D) Checking the scale‑free topology when β=5. (E) Dendrogram of all
differentially expressed genes clustered based on a dissimilarity measure (1‑topological overlap matrix). A total of seven co‑expressed modules were identified
(black, brown, blue, yellow, green, red and turquoise), while genes exhibiting no clusters were distributed in the grey modules.

Figure 3. Identification of key modules. Heatmap of the correlation between module eigengenes and clinical traits of intrahepatic cholangiocarcinoma. A total
of 12 clinical traits were included: Recurrence, disease‑free survival months, tumor‑associated mortality, overall survival months, CEA expression, CA199
expression, tumor differentiation, tumor class (Child‑Pugh score), AJCC stage, tumor size, vascular invasion and HBV infection. Brown and yellow modules
were associated with multiple clinical traits (the number of clinical traits >3), and they were regarded as key modules and highlighted with a red frame. HBV,
hepatitis B virus; AJCC, American Joint Committee on Cancer; CEA, carcinoembryonic antigen; CA199, carbohydrate antigen 19‑9.

and TPX2 exhibited the highest degree score in the PPI
network and these genes were subsequently identified as hub
genes (Fig. 6B).

Diagnosis value of hub genes. In order to detect the diagnostic
value of these eight hub genes, the gene expressed profile
GSE119336, including 15 adjacent tissues and 15 intrahepatic
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Figure 4. Genes associated with the clinical traits of intrahepatic cholangiocarcinoma and identification of core genes. Scatter plot of module eigengenes associated with (A) tumor recurrence, (B) tumor‑associated mortality, (C) serum CA199 expression and (D) tumor class (Child‑Pugh score) in the brown module.
Genes with a module membership >0.8 and a gene significance for clinical trait of >0.2 were regarded as module core genes. (E) Venn diagram to identify
intersectional module core genes which are strongly associated with tumor recurrence, tumor‑associated mortality, serum CA199 expression and tumor class
(Child‑Pugh score) in the brown module. (F‑I) Scatter plot of module eigengenes associated with (F) tumor recurrence, (G) disease‑free survival months,
(H) tumor‑associated mortality and (I) tumor class (Child‑Pugh score) in the yellow module. Genes with a module membership >0.8 and a gene significance
for clinical trait >0.2 were regarded as module core genes. (J) Venn diagram to identify intersectional module core genes which are strongly associated with
tumor recurrence, disease‑free survival in months, tumor‑associated mortality and tumor class (Child‑Pugh score) in the yellow module. CA199, carbohydrate
antigen 19‑9.

cholangiocarcinoma tissues, was used and a ROC analysis
was performed (Fig. 7). The results revealed that CCNB1,
CDC20, CDCA8, CDK1, CEP55, KIF2C, TOP2A and TPX2
all exhibited good diagnostic values for intrahepatic cholangiocarcinoma, using a cut‑off AUC value of 0.7. The results
of the AUC were as follows: CCNB1 (AUC=0.969), CDC20

(AUC=0.964), CDCA8 (AUC=0.960), CDK1 (AUC=0.929),
CEP55 (AUC= 0.964), KIF2C (AUC= 0.973), TOP2A
(AUC=0.942) and TPX2 (AUC=0.911).
Verification of the expression of hub genes. In order to verify
the results obtained from prediction, immumohistochemical
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Figure 5. GO and KEGG analysis. (A‑C) GO analysis for core genes. (D) KEGG analysis for core genes. GO, Gene Ontology; KEGG, Kyoto Encyclopedia of
Genes and Genomes.

staining was performed in 23 intrahepatic cholangiocarcinoma tissues and corresponding adjacent tissues. The present
study observed the expression of hub genes in intrahepatic
cholangiocarcinoma tissues, adjacent normal liver tissues and
intrahepatic bile duct tissues, and revealed that the expression
of all hub genes was increased in most intrahepatic cholangiocarcinoma tissues compared with adjacent normal liver tissues
and intrahepatic bile duct tissues (Table I; Fig. 8).
Discussion
Intrahepatic cholangiocarcinoma is the second most common
primary liver malignant tumor globally, and cases of this
disease are increasing annually. Unfortunately, the majority
of patients are diagnosed at a nonsurgical stage and only ~1

in 5 cases are surgically resectable (15). However, a majority
of patients are still at risk of tumor recurrence and drug
resistance (16). Therefore, there is an urgent requirement to
investigate the mechanisms of intrahepatic cholangiocarcinoma development, and the knowledge gained maybe useful
in the development of novel clinical treatment strategies.
In the present study, a total of 1,643 real DEGs were identified and used to construct a WGCNA. Subsequent to analyzing
the association between gene modules and clinical traits,
brown and yellow modules were identified as key modules. A
total of 63 core genes in the brown and yellow gene module
were identified. The 63 core genes were highly enriched in
mitotic spindle assembly (GO term), in ATP binding (GO term)
and in the nucleus (GO term), and the pathways these genes
were enriched in were the cell cycle pathway, oocyte meiosis
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Figure 6. Construction of PPI and selection of hub genes. (A) Core genes were imported into STRING to construct a PPI network. Nodes indicate core genes,
while edges indicate the correlation between core genes. (B) Cytoscape was used to analyze the PPI network, while hub genes were indicated by degree score
and used to construct the PPI sub‑network. PPI, protein‑protein interactions; CCNB1, cyclin B1; CDC20, cell division cycle 20; CDCA8, cell division cycle
associated 8; CDK1, cyclin dependent kinase 1; CEP55, centrosomal protein 55; KIF2C, kinesin family member 2C; TOP2A, DNA topoisomerase IIα; TPX2,
TPX2 microtubule nucleation factor.

Figure 7. Verification of the diagnostic value of hub genes. Gene expression profile GSE119336 was obtained and receiver operating characteristic curve
analysis was performed to identify the diagnostic value of hub genes CCNB1, CDC20, CDCA8, CDK1, CEP55, KIF2C, TOP2A and TPX2. CCNB1, cyclin B1;
CDC20, cell division cycle 20; CDCA8, cell division cycle associated 8; CDK1, cyclin dependent kinase 1; CEP55, centrosomal protein 55; KIF2C, kinesin
family member 2C; TOP2A, DNA topoisomerase IIα; TPX2, TPX2 microtubule nucleation factor.
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Table I. Analysis of the expression of targeted genes in intrahepatic cholangiocarcinoma tissues, adjacent liver tissues and
intrahepatic bile duct tissues.
Targets

Tissues

CCNB1

Intrahepatic cholangiocarcinoma tissues
Adjacent liver tissues
Intrahepatic bile duct tissues
Intrahepatic cholangiocarcinoma tissues
Adjacent liver tissues
Intrahepatic bile duct tissues
Intrahepatic cholangiocarcinoma tissues
Adjacent liver tissues
Intrahepatic bile duct tissues
Intrahepatic cholangiocarcinoma tissues
Adjacent liver tissues
Intrahepatic bile duct tissues
Intrahepatic cholangiocarcinoma tissues
Adjacent liver tissues
Intrahepatic bile duct tissues
Intrahepatic cholangiocarcinoma tissues
Adjacent liver tissues
Intrahepatic bile duct tissues
Intrahepatic cholangiocarcinoma tissues
Adjacent liver tissues
Intrahepatic bile duct tissues
Intrahepatic cholangiocarcinoma tissues
Adjacent liver tissues
Intrahepatic bile duct tissues

CDC20
CDCA8
CDK1
CEP55
KIF2C
TOP2A
TPX2

Low expression (0‑2) Medium expression (3‑4)
2
5
20
1
5
17
3
9
16
3
4
18
2
7
13
1
8
16
2
6
16
2
3
17

5
16
2
4
11
4
6
11
7
5
16
4
3
15
7
1
12
5
4
13
5
4
16
3

High expression (5‑6)
16
2
1
18
7
2
14
3
0
15
3
1
18
1
3
21
3
2
17
4
2
17
4
3

CCNB1, cyclin B1; CDC20, cell division cycle 20; CDCA8, cell division cycle associated 8; CDK1, cyclin dependent kinase 1; CEP55,
centrosomal protein 55; KIF2C, kinesin family member 2C; TOP2A, DNA topoisomerase IIα; TPX2, TPX2 microtubule nucleation factor.

Figure 8. Representative figure of immumohistochemical staining for CCNB1, CDC20, CDCA8, CDK1, CEP55, KIF2C, TOP2A and TPX2 in intrahepatic
cholangiocarcinoma tissues, adjacent liver tissues and intrahepatic bile duct tissues. CCNB1, cyclin B1; CDC20, cell division cycle 20; CDCA8, cell division
cycle associated 8; CDK1, cyclin dependent kinase 1; CEP55, centrosomal protein 55; KIF2C, kinesin family member 2C; TOP2A, DNA topoisomerase IIα;
TPX2, TPX2 microtubule nucleation factor.
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pathway, p53 signaling pathway, insulin secretion pathway and
progesterone‑mediated oocyte maturation pathway. Following
the construction of the PPI network and the results of the
ROC curve, a total of eight genes, including CCNB1, CDC20,
CDCA8, CDK1, CEP55, KIF2C, TOP2A and TPX2 were
identified as hub genes for intrahepatic cholangiocarcinoma.
Furthermore, the protein expression levels of all these genes
were increased in most intrahepatic cholangiocarcinoma
tissues.
CCNB1 and CDK1 were indicated to be two genes that
are able to directly regulate the cell cycle. CDK1 and CCNB1
proteins are located in the matrix of mitochondria. Here,
they increase mitochondrial respiration, enhance oxygen
consumption and promote ATP generation, which provides
cells with enough bioenergy to complete the G2/M transition,
and shortens the overall time to complete the cell cycle (17).
Additionally, CDK1 and CCNB1 exhibit the potential to
phosphorylate a number of pro‑apoptotic and anti‑apoptotic
proteins, and are able to induce the inhibition of apoptosis in
tumor cells (18). Furthermore, CDK1 and CCNB1 crosstalk
with the p53 pathway, and activated CDK1 and CCNB1 are able
to inhibit the effect of p53, and may result in cell proliferation
and escape from apoptosis (19,20). CDC20 is a downstream
factor of the spindle assembly checkpoint and is a key co‑factor
of the anaphase‑promoting complex or cyclosome E3 ubiquitin
ligase (21). The potential of CDC20 as a therapeutic target
for human cancer treatment has been reported in previous
studies (22). Wu et al (23) investigated the effects of CDC20
overexpression in docetaxel‑ and castration‑resistant prostate
cancer cell lines, and demonstrated that CDC20 mediated
resistance in a Bim‑dependent manner. Paul et al (24) indicated
that CDC20 regulated the proteasome‑mediated degradation
of the tumor suppressor BTG3 associated nuclear protein,
and inhibited apoptosis in breast cancer cells. Furthermore,
Zhang et al (25) demonstrated that the inhibition of CDC20
using curcumin is a useful method in the treatment of patients
with pancreatic cancer. CDCA8 is a component of the chromosomal passenger complex 52, which serves a vital function
in mitosis and cell division (26). Previous studies have demonstrated that high CDCA8 expression is positively associated
with a poor prognosis in a variety of cancer types, including
in cutaneous melanoma (27) and bladder cancer (28). In breast
cancer, the expression of CDCA8 has been demonstrated to be
associated with disease‑free survival rate (29). Additionally,
CDCA8 exhibits the potential to promote breast cancer
cell proliferation following stimulation with estrogen (30).
However, the exact function of CDCA8 in intrahepatic cholangiocarcinoma has, to the best of our knowledge, not yet been
determined.
CEP55 is located on chromosome 10q23.33, which
is associated with cytokinesis. A variety of studies have
demonstrated that CEP55 serves a key function in numerous
biological processes within cancer cells, including in proliferation, migration and differentiation (31). The knockdown
of CEP55 expression has been indicated to inhibit the proliferation of breast cancer cells (32). In lung adenocarcinoma,
the high expression of CEP55 is negatively associated with
patient overall survival rate (33). KIF2C is the most important
member of the motor proteins family and serves a crucial
function in spindle assembly and ensuring proper chromosome

segregation during cell mitosis (34). The effect of KIF2C on
the progression of cancer has been previously reported, and
KIF2C is an identified biomarker for the prognosis of human
glioma (35). KIF2C has also been demonstrated to be overexpressed in primary breast cancer tissues and cell lines, and this
may be suppressed by the ectopic introduction of p53 (36,37).
TOP2A encodes for a DNA topoisomerase, which exhibits
the capacity to regulate the topologic states of DNA during
transcription (38). TOP2A is overexpressed in nasopharyngeal carcinoma and is associated with a poor outcome (39).
Additionally, high TOP2A expression in breast cancer is able
to predict poor prognosis (40). Furthermore, TOP2A has been
indicated to be highly expressed in 33% cases of patients with
intrahepatic cholangiocarcinoma (41). TPX2 serves a key
function in spindle formation and microtubule nucleation (42).
High TPX2 expression in hepatocellular carcinoma has been
associated with a poor prognosis and has been indicated to
contribute to cell proliferation and metastasis (43). The inhibition of TPX2 may activate the p53 pathway and promote
apoptosis in breast cancer (44).
Through WGCNA, ROC analysis and immumohistochemical staining, the present study identified eight hub genes
(CCNB1, CDC20, CDCA8, CDK1, CEP55, KIF2C, TOP2A
and TPX2), which may contribute to the development of intrahepatic cholangiocarcinoma, and may also be novel biomarkers
for the diagnosis of this disease. However, further research
into the hub genes screened in the present study is urgently
required to determine the underlying mechanisms associated
with their function in intrahepatic cholangiocarcinoma.
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