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Transcriptomic analysis and identification of
prognostic biomarkers in cholangiocarcinoma
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Abstract. Cholangiocarcinoma (CCA) is acknowledged as the
second most commonly diagnosed primary liver tumor and
is associated with a poor patient prognosis. The present study
aimed to explore the biological functions, signaling path-
ways and potential prognostic biomarkers involved in CCA
through transcriptomic analysis. Based on the transcriptomic
dataset of CCA from The Cancer Genome Atlas (TCGA),
differentially expressed protein-coding genes (DEGs) were
identified. Biological function enrichment analysis, including
Gene Ontology (GO) analysis and Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway enrichment analysis,
was applied. Through protein-protein interaction (PPI)
network analysis, hub genes were identified and further
verified using open-access datasets and qRT-PCR. Finally,
a survival analysis was conducted. A total of 1,463 DEGs
were distinguished, including 267 upregulated genes and
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1,196 downregulated genes. For the GO analysis, the upregu-
lated DEGs were enriched in ‘cadherin binding in cell-cell
adhesion’, ‘extracellular matrix (ECM) organization’ and
‘cell-cell adherens junctions’. Correspondingly, the down-
regulated DEGs were enriched in the ‘oxidation-reduction
process’, ‘extracellular exosomes’ and ‘blood microparticles’.
In regards to the KEGG pathway analysis, the upregulated
DEGs were enriched in ‘ECM-receptor interactions’, ‘focal
adhesions’ and ‘small cell lung cancer’. The downregulated
DEGs were enriched in ‘metabolic pathways’, ‘complement
and coagulation cascades’ and ‘biosynthesis of antibiotics’.
The PPI network suggested that CDK/ and another 20 genes
were hub genes. Furthermore, survival analysis suggested that
CDK1, MKI67, TOP2A and PRCI were significantly associ-
ated with patient prognosis. These results enhance the current
understanding of CCA development and provide new insight
into distinguishing candidate biomarkers for predicting the
prognosis of CCA.

Introduction

Cholangiocarcinoma (CCA) originates from intrahepatic or
extrahepatic bile duct epithelial cells and is classified into
intrahepatic CCA (iCCA), perihilar CCA (pCCA), and distal
CCA (dCCA) according to the anatomic location (1,2). Among
the majority of CCA tumors, pCCA accounts for 60-70%,
dCCA accounts for 20-30% and iCCA accounts for 5-10%.
CCA is recognized as the second most commonly diagnosed
primary liver tumor and accounts for approximately 1-15% of
all hepatobiliary malignancies (3). Although the average inci-
dence of CCA is low, early diagnosis and treatment of CCA are
difficult, and the overall patient prognosis is poor (4). Recently,
iCCA has become the leading cause of death related to primary
liver tumor (5). Systemic drug therapy is currently limited for
patients with advanced or metastatic CCA, while surgical
treatment is suitable only for those with early-stage CCA,
which has a high risk of recurrence (6,7). The median survival
time of patients with advanced CCA is less than 2 years,
and the 5-year survival rate is only 10% (3,8). Searching for
genetic drivers that affect the occurrence and progression of
CCA is important for exploring the molecular diagnosis and
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targeted therapy (1). In recent years, biomarker research has
achieved progress in the prediction, treatment and prognosis
of CCA. For example, KRAS mutations and PRKACB fusion
genes have been identified in pCCA and dCCA, and somatic
mutations of isocitrate dehydrogenase (IDH) have been identi-
fied in iCCA (9). In addition, inducible nitric oxide synthase
(iNOS) has been involved in the occurrence of CCA through
an inflammation-dependent manner (10). However, due to
strong genetic heterogeneity, the current understanding of the
molecular mechanisms of CCA is still not comprehensive.
In particular, understanding of the genetic variations that
promote CCA initiation and development are still fragmented.
Moreover, the key driver genes of carcinogenesis remain
unknown (4,11). Therefore, studying the pathogenesis of CCA
and identifying hub genes that are involved in the development
of CCA remain a major challenge.

The Cancer Genome Atlas (TCGA) is a publicly sponsored
project with the purpose of classifying and identifying major
carcinogenic genomic alterations among large cohorts of more
than 30 human tumors. To perform an integrated analysis of
cancer genome profiles, high-throughput technologies relying
on the use of microarrays and next-generation sequencing
methods were applied in TCGA (12). RNA sequencing
(RNAseq) has become useful for transcriptome (total RNA)
profiling and obtaining accurate strand information. RNAseq
is a method that is conductive to the application of a system-
atic comprehensive study of differentially expressed gene
interactions and related signaling pathways with high preci-
sion. Moreover, protein-protein interaction (PPI) networks
are useful for distinguishing hub genes, which are defined
as genes with a high degree of connectivity that play an
essential role in stabilizing the PPI network structure (13,14).
There are numerous oncology studies based on TCGA. From
the perspective of CCA, Wang et al thoroughly studied the
IncRNA-miRNA-mRNA ceRNA network and identified three
IncRNAs, COL18A1-AS1, SLC6A1-AS1 and HULC, as being
significantly associated with overall CCA patient survival (15).
However, in the present study, we focused on identifying hub
genes within the PPI and exploring their potential roles in
CCA on the basis of TCGA combined with multiple datasets.

In the present research, transcriptomic iCCA data from
TCGA were utilized to identify differentially expressed
protein-coding genes (DEGs) between iCCA and normal
tissues. Then, we executed Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) enrichment
analysis to study alterations in biological functions and
signaling pathways of iCCA. PPI network construction was
performed, followed by identification of hub genes. Moreover,
we identified the differential expression of hub genes by
analyzing transcriptomic CCA data from several open-access
databases, including Gene Expression Omnibus (GEO)
database and ArrayExpress Archive of Functional Genomics
Data (ArrayExpress). Further, we performed quantitative
polymerase chain reaction (QPCR) in the laboratory to verify
these hub genes. Finally, we executed survival analysis of the
identified hub genes. The objective of this study was to under-
stand CCA carcinogenesis by exploring the genetic changes
involved in disease progression and to identify potential
biomarkers that may be helpful for predicting the prognosis
of iCCA patients.
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Materials and methods

Acquisition of transcriptome data and identification of DEGs.
Data for CCA mRNA expression were downloaded from
TCGA database (https://portal.gdc.cancer.gov/, RNA-seq,
[llumina) on July 6, 2018. Practical Extraction and Reporting
Language (Perl) was utilized for sample information extrac-
tion, mRNA expression matrix generation, and gene symbol
annotation. Only samples of primary site of liver and intra-
hepatic bile ducts were included for subsequent analysis,
Statistical softwareR (version 3.4.4) and the ‘DEseq’ package
from Bioconductor were used to perform significance analysis
of the DEGs between CCA samples and adjacent noncan-
cerous tissues (16,17). Genes with an absolute value of log2
fold change (log2FC) >2 and a corrected P-value <0.0001 were
defined as DEGs.

Functional and pathway enrichment analyses.GO term enrich-
ment analysis was applied to analyze the biological significance
of DEGs, which includes biological processes (BP), cellular
components (CC) and molecular functions (MF), based on
the GO online platform David (https://david.ncifcrf.gov/, date
of access: 2019/5/7, species: Human). GO visualization was
achieved by the R package ‘GOplot’ (18). KEGG pathway
enrichment analysis was applied based on the online platform
David. Critical pathways enriched in DEGs were identified.
Visualization of KEGG results was conducted by R package
‘ggplot2’. P<0.05 was considered statistically significant for
both GO and KEGG analysis.

PPI network analysis. Proteins usually perform biological
functions synergistically. Strong relationships have been
shown to exist between PPIs and the biological functions of
gene/protein clusters (19). Therefore, PPIs must be explored
by considering functional groups. PPI network analysis is
helpful for distinguishing hub genes among a cluster of DEGs
that are implicated in CCA progression based on their interac-
tion levels. PPI information of DEGs was obtained from the
STRING database; highest confidence of 0.900 was chosen
(version 11.0, https://string-db.org/, data of access: 2019/5/7).
The PPI networks for upregulated genes was constructed using
Cytoscape3.6.1 software (https://cytoscape.org/). The top
15 genes with the highest degree of connectivity were defined
as hub genes.

Identification of hub genes. CCA-related transcriptomic data-
sets were obtained from GEO (GSE76297 and GSE26566) and
ArrayExpress (E-GEOD-32879 and E-GEOD-45001) (20-24).
R (version 3.4.4) and the ‘Limma’ package of Bioconductor
were used for identification of the DEGs (25). A P-value <0.05
was considered statistically significant. Finally, hub genes
in TCGA were compared with the DEGs acquired from
other 4 datasets. Hub genes with similar differential expres-
sion among 5 datasets were selected for further analysis.
A Venn diagram indicating the intersection of multiple
datasets was made online (http://bioinformatics.psb.ugent.
be/cgi-bin/liste/Venn/calculate_venn.htpl).

Statistical analysis. To examine the classification effect of
hub genes on cholangiocarcinoma and normal tissue, receiver
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operating characteristic (ROC) curves and area under the
curve (AUC) were calculated by R package ‘pROC’ (26).
Furthermore, clinical data of iCCA were downloaded from
TCGA. Wedivided patients into two groups based on tumor stage:
Stage I+II and stage III+IV. The association between hub gene
expression and tumor stage was evaluated by Mann-Whitney
U test. A P<0.05 was considered statistically significant. Finally,
‘survival’ package of Bioconductor was used to generate overall
survival curves (27,28). Perl was used to extract the lifetime of
each patient from the clinical cart downloaded from TCGA.
Clinical data of 118 patients with cholangiocarcinoma were
downloaded from PubMed Central (11). Matching sample infor-
mation was obtained from GEO dataset: GSE89749 (11). For
each dataset, the patients were divided into two groups using the
median gene expression value as the cut-off value. The relation-
ship between patient overall survival and expression level of hub
genes was tested by Cox proportional-hazards model. P<0.05
was considered statistically significant.

RT-gPCR. Tissue samples were collected as pairs, i.e., tumor
tissue and adjacent normal tissue, from 10 patients with
iCCA undergoing surgery at Peking Union Medical College
Hospital. A total of 6 male and 4 female patients with mean
age of 62 (range, 54-68) years were included. The collected
tissue samples were stored in a refrigerator at -80°C. All
patients were enrolled from November 2018 to April 2019.
The study was approved by the Clinical Research Ethics
Committee of Peking Union Medical College Hospital.
Each patient provided a written informed signed consent.
Total RNA was isolated from each sample with Trizol LS
reagent (Invitrogen; Thermo Fisher Scientific, Inc.), and
then used for cDNA synthesis using oligo(dT)primers and
SuperScript™ III Reverse Transcriptase (Invitrogen; Thermo
Fisher Scientific, Inc.). PCR Master Mix (2X) (Superarray)
and Applied Biosystems QuantStudio5 Real-time PCR system
(Thermo Fisher Scientific, Inc.) were utilized for RT-qPCR.
The sequences of primers for selected hub genes and house-
keeping gene ([3-actin) are shown in Table SI.

Visualization of differential expression. For hub genes
validated by qRT-PCR, R package ‘ggpubr’ (https://rpkgs.
datanovia.com/ggpubr/index.html) was used to visualize
gene expression based on the expression profile of DEGs
in TCGA and the results of qRT-PCR. A t-test was used to
calculate differences between groups. P<0.05 was considered
statistically significant.

Results

Identification of DEGs in CCA and normal tissues. The tran-
scriptomic dataset of CCA and the corresponding clinical cart
were downloaded from the TCGA database. Patients with lesion
of primary site of liver and intrahepatic bile ducts, i.e., patients
with iCCA, were included for further analysis. Therefore, a
total of 33 cases were acquired, including 19 female and
14 male patients. Forty-one samples were acquired in total,
including 33 tumor tissue samples and 8 normal tissue samples.
A total of 1,463 DEGs (log2FC >2, corrected P<0.0001) were
acquired, including 267 significantly upregulated DEGs and
1,196 significantly downregulated DEGs. A heatmap and a
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volcano plot showing the expression levels of these genes are
shown in Fig. 1.

Functional and pathway enrichment analyses of DEGs. GO
and KEGG pathway enrichment analyses were conducted to
explore the functional characteristics of the DEGs. The GO
analysis results revealed that the upregulated DEGs were
significantly enriched in ‘extracellular matrix organization’,
‘cell-cell adhesion’, ‘cell adhesion’, ‘epithelial cell morpho-
genesis involved in placental branching and mitotic spindle
assembly’ in terms of BP. Regarding MF, the upregulated
DEGs were enriched in ‘cadherin binding involved in
cell-cell adhesion’, ‘structural molecule activity’, ‘collagen
binding’, ‘protein binding’ and ‘signal transducer activity’.
Under CC, the upregulated DEGs were enriched in ‘cell-cell
adherens junction’, ‘extracellular exosome’, ‘midbody,
cell-cell junction’ and ‘cytoplasmic microtubule’. For the
downregulated DEGs, significant enrichment was observed
in the ‘oxidation-reduction process’, ‘xenobiotic metabolic
process’, ‘metabolic process’, ‘steroid metabolic process’ and
‘platelet degranulation’ under BP. For MF, the downregulated
DEGs were significantly enriched in ‘oxidoreductase activity’,
‘monooxygenase activity’, ‘iron ion binding’, ‘oxidoreductase
activity acting on paired donors, with the incorporation of or
reduction in molecular oxygen’ and ‘electron carrier activity’.
For CC, the DEGs were enriched in ‘extracellular exosome’,
‘blood microparticle’, ‘organelle membrane’, ‘mitochondrial
matrix’ and ‘extracellular region’. In addition, the KEGG
analysis results showed that the upregulated DEGs were
significantly enriched in ‘ECM-receptor interactions’, ‘focal
adhesion’, ‘small cell lung cancer’, ‘pathways in cancer’ and
‘hypertrophic cardiomyopathy (HCM)’. Meanwhile, the
downregulated DEGs were enriched in ‘metabolic pathways’,
‘complement and coagulation cascades’, ‘biosynthesis of anti-
biotics’, ‘retinol metabolism’ and ‘fatty acid degradation’. The
enriched GO terms and KEGG pathways are shown in Fig. 2
and Tables SII-SV.

Construction of the PPI network and hub gene identification.
PPI network analysis can be used to distinguish critical hub
genes among a group of DEGs. Therefore, the STRING
database was used to conduct the PPI network analysis. PPI
networks for the upregulated genes were constructed by
Cytoscape 3.6.1 (Fig. 3).

Cytoscape 3.6.1 was used to perform a centrality analysis.
The top 15 genes with the highest degree of connectivity
were defined as hub genes. Under this criterion, 15 hub
genes were obtained for the upregulated DEGs, including
cyclin-dependent kinase 1 (CDKI), cyclin B2 (CCNB2),
kinesin family member 2C (KIF2C), topoisomerase
(DNA) IIa (TOP2A), centrosomal protein 55 (CEP55), ribo-
nucleotide reductase regulatory subunit M2 (RRM?2), ubiquitin
conjugating enzyme E2 C (UBE2C), baculoviral IAP repeat
containing 5 (BIRCS5), centromere protein F (CENPF),
NIMA-related kinase 2 (NEK?2), forkhead box M1 (FOXM]1),
marker of proliferation Ki-67 (MKI167), protein regulator
of cytokinesis 1 (PRCI), integrin subunit a2 (ITGA2),
and laminin subunit y2 (LAMC?2). Hub genes for the
downregulated DEGs consisted of kininogen 1 (KNGI),
complement C3 (C3), apolipoprotein Al (APOAI), albumin
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Figure 1. Heatmap and volcano plot showing significant DEGs between 33 iCCA tissues and 8 normal tissues in TCGA. (A) Rows represent genes, and columns
represent samples. (B) The red spots represent significantly upregulated genes, and the green spots represent significantly downregulated genes. TCGA, The
Cancer Genome Atlas; DEGs, differentially expressed protein-coding genes; CCA, cholangiocarcinoma; iCCA, intrahepatic CCA.

LogFC
° N Oxidation-reduction E] Extracellular exosome
process
GO terms . Mitochondrial I:I Xenobiotic metabolic
D ‘Cadrlularin"biﬁing involved Extracellular matrix matrix process
o in cell-cell adhesion organization D Extracellular space . Metabalic process
18IS oy Extracellular Cell-cell adherens ) _
exosome junction [] Blood microparticle  [[] Organelle membrane
[T ceil-cell adhesion [] Extracellular region [ ] Oxidoreductase activity

Valine, leucine and |

C Small cell lung cancer . D isoleucine degradation |

PI3K-Akt signaling pathway - ® Retinol matabolism |

Pathways in cancer : ® Gene number Metabolism of xenabiolics | . Gagg number
. 5.0 bﬁc ochrome P450 M
Hypertrophic cardiomyopathy (HCM) | . 75 efabolic pathways | ® ; :gg
Gap junction 1 . *100 Fatty acid degradation | . ® 200
®i25 ® 250
Focal adhesion ¢ L Drug metabolism-cytochrome P450 1 .
) i -Log,, (Pvalue) -Log,, (Pvalue)
ECM-receptor interaction | . 5 Complement and coagulation cascades - .
Dilated cardiomyopathy | . 4 Chemical carcinogenesis | . 50
40
Arrhythmogenic right ventricular - - Carbon metabolism | .
cardiomyopathy (ARVC) 8 . 30
Amoebiasis 1 2 Biosynthesis of antibiotics . 20
'3 4 5 6 7 8 4 6 8
Fold enrichment Fold enrichment
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Figure 3. (A) PPI network of the significantly upregulated DEGs. The nodes represent the significantly upregulated DEGs. The edges represent the interaction
of significantly upregulated DEGs. The triangles represent hub genes validated by qRT-PCR. Bar chart of the (B) upregulated hub genes and the (C) downregu-
lated hub genes. The x-axis represents count of connectivity. The y-axis represents hub gene symbols. PPI, protein-protein interaction; DEGs, differentially

expressed protein-coding genes.

To further verify the differential expression of the critical
hub genes in CCA, we evaluated the expression profiles of
30 hub genes in another 4 datasets. GSE76297 consists of
304 specimens in total, 183 of which were utilized in analysis,
including 91 CCA tumor tissues and 92 CCA non-tumor
tissues. GSE26566 consists of 169 specimens in total, 163 of
which were utilized in analysis, including 104 CCA tissues
and 59 surrounding liver tissues. E-GEOD-32879 consists
of 37 specimens in total, 23 of which were utilized in
analysis, including 16 iCCA tissues and 7 non-tumor tissues.
E-GEOD-45001 consists of 10 pairs of iCCA tumor tissues
and non-tumor tissues, which were all utilized in analysis.
Consistent with our results, 21 out of 30 hub genes in TCGA
were found to share similar differential expression among
the other 4 datasets, including 8 upregulated hub genes and
13 downregulated hub genes (Fig. S1). The differential expres-
sion of hub genes is shown in Fig. 4A-D.

ROC curves and tumor staging correlation analysis. ROC
curves for hub genes were generated based on expression
profile of TCGA dataset. AUC was >0.900 for all 21 selected
hub genes (Fig. S2). Among them, the expression of 5 down-
regulated hub genes, including ACOX1, APOA2, APOB, FGA
and FGG, was inversely associated with tumor stage (P<0.05,
Fig. S3). For other identified hub genes, no association between
gene expression and tumor stage was found.

Survival analysis. For upregulated hub genes, the expression
of CDKI, MKI167, TOP2A and PRCI was negatively related
to the overall survival time of CCA patients in both TCGA
and GSE89749 datasets (P<0.05). No significant result was
found for the downregulated hub genes. The survival curves
are shown in Fig. 5.

Identification of CDKI, MKI67, TOP2A and PRCI by
RT-gPCR. Since the survival analysis indicates that the over-
expression of CDKI, MK167, TOP2A and PRCI predicts poor
survival of patients with cholangiocarcinoma, we performed
RT-gPCR to validate the expression change of these genes in
frozen tissue. As expected, all of the 4 genes were upregulated
in the iCCA tissue (Fig. 4E-H).

Discussion

Cholangiocarcinoma (CCA) is recognized as the second most
commonly diagnosed primary liver tumor. Due to its strong
genetic heterogeneity, the current understanding of the patho-
genesis of CCA is not comprehensive. Concerning genetic
changes involved in CCA initiation and progression, agreement
in this field remains fragmented. The key drivers involved in
CCA carcinogenesis still need to be defined (3,4,11). In the
present study, we focused on the genetic changes in transcrip-
tion level between intrahepatic CCA (iCCA) and normal
tissue. A total of 1,463 differentially expressed protein-coding
genes (DEGs) were obtained based on data from The Cancer
Genome Atlas (TCGA). Gene Ontology (GO) enrichment
analyses showed that ‘changes in cadherin binding involved
in ‘cell-cell adhesion’, ‘extracellular matrix organization’ and
the ‘cell-cell adherens junction’ represented significant GO
terms for the upregulated DEGs and that ‘oxidation-reduction
processes’, ‘extracellular exosomes’, and ‘blood microparticles’
represented significant GO terms for the downregulated DEGs.
In addition, ‘ECM-receptor interactions’, ‘focal adhesions’ and
‘small cell lung cancer’ were significant pathways related to
the upregulated DEGs. ‘Metabolic pathways’, ‘complement
and coagulation cascades’ and ‘biosynthesis of antibiotics’
were significant pathways for the downregulated DEGs.
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Figure 4. Dynamic expression of significantly upregulated hub genes. (A-D) Expression of hub genes from the TCGA database. (E-H) Relative quantification
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topoisomerase II a.

Hub genes were identified based on the degree of connec-
tivity. Fifteen upregulated hub genes and 15 downregulated hub
genes were selected based on protein-protein interaction (PPI)
network. Moreover, the expression profiles of the 30 hub genes
were verified using datasets from GEO and Arrayexpress. A
total of 21 hub genes showed stable differential expression
among 5 datasets including TCGA. ROC curves revealed
that all 21 hub genes presented a credible classification effect
between tumor and normal tissue with AUC >0.900. In addi-
tion, the expression of ACOX1, APOA2,APOB, FGA and FGG
was inversely associated with tumor stage, which indicates
that these genes may be involved in the progression of CCA.

To further explore the relationships between hub genes
and the outcomes of CCA patients, a survival analysis was
conducted based on the clinical data and expression profiles of
the identified hub genes in both TCGA and GSE89749. Four
upregulated hub genes, including CDK1, MKI167, TOP2A and
PRCI, were identified as being significantly related to overall
survival among CCA patients. Moreover, the differential
expression of the four genes was validated by RT-qPCR.
Therefore, we considered CDK1, MKI167, TOP2A and PRC1
as potential predictors for the poor prognosis of patients
with CCA.

Cyclin-dependent kinases (CDKs) are a family of protein
kinases driving the major events of cell cycle control (29).
Aberrant expression of CDKI1 is involved in cell cycle arrest
in many tumor types such as melanoma, colon cancer and
pancreatic cancer (30). Studies that have focused on the roles
of CDKI1 in cholangiocarcinoma are limited. Okumura et al
revealed that CDK1 is upregulated by AIBI, i.e., transcrip-
tional coactivator amplified in breast cancer 1, through the Akt

pathway. AIB1 was found to be overexpressed in human CCA
specimens and promote cell cycle progression at the G2/M
phase by inducing CDK1 (31). In addition, CDK1 may be
involved in drug-resistant mechanisms of CCA since western
blot analyses indicated that G2/M phase-regulated proteins,
including CDK1, were downregulated in gemcitabine-resistant
CCA cell lines (32).

MK167 encodes Ki-67. It is a cell cycle-regulated phos-
phatase 1-binding protein universally used as a proliferation
marker. Ki-67 is a major organizer required for assembly of
the perichromosomal compartment in cells (33). The Ki-67
index is shown to be the most reliable prognostic evaluation
factor of gastroenteropancreatic neuroendocrine neoplasms
(GEP-NENS5) (34). The Ki-67 index can be variable through
the disease course (35-37). In combination with tumor type,
site and stage, the Ki-67 index is used to stratify patients in
different prognostic categories (34). In the present study, we
found a prognostic role of MK167 in CCA. This finding may
be clinically valuable, although the underlying mechanisms
for Ki-67 variation still requires further investigation.

DNA topoisomerase IIo. (TOP2A) is an isoform of DNA
topoisomerase II (Topo II). Topo II is a crucial enzyme for
cell division that generates torsional stress on double-stranded
DNA by inducing transient breaks that are subsequently
resealed (38). TOP2A is located adjacent to the HER2 onco-
gene and is frequently coamplified with HER2 in multiple
types of cancers, such as breast cancer, bladder cancer and
gastric adenocarcinoma (39-42) However, Panvichian et al
reported that TOP2A overexpression in hepatocellular carci-
noma (HCC) is independent of HER2 gene amplification or
expression (43). Our results showed that TOP2A is significantly
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Figure 5. Survival analysis of significantly upregulated hub genes. CDK! (A and E), MKI167 (B and F), PRCI (C and G), TOP2A (D and H). A-D refer to
survival curves based on TCGA. E-H refer to survival curves based on GSE89749. Overall survival time is recorded in years. The cut-off value is the median
gene expression. TCGA, The Cancer Genome Atlas.
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upregulated in CCA tissues and represents a possible predic-
tive biomarker for poor prognosis. However, no significant
change was detected in the transcription of HER2. Therefore,
TOP2A may play a role in CCA tumorigenesis independent
of HER2. Nateewattana et al reported that andrographolide, a
Topo II inhibitor, exhibited a potent cytotoxic effect on CCA
cells by suppressing TOP2A expression in vitro (44). Thus, the
therapeutic efficacy of Topo II inhibitors, such as androgra-
pholide and anthracycline, in CCA patients should be further
explored.

Polycomb repressive complex 1 (PRCI) is required for
adult stem cell functions and acts as both a tumor suppressor
and oncogene (45). Tang et al demonstrated the significant
biological implications of PRC1 in tumor pathogenesis and
prognosis in non-small cell lung cancer patients by analyzing
genome-wide RNAidataand mRNA expression data (46). Bmil
and EZH2 are representative members of PRC1. Sasaki et al
found that Bmil was overexpressed in CCA cell lines and
stimulated cell proliferation (47). Overexpression of EZH2 may
induce hypermethylation of the pl6™&** promoter, followed by
decreased expression of pl6™¥* in multistep cholangiocar-
cinogenesis (48). However, the precise molecular mechanisms
underlying the role of PRC1 in CCA remain unclear.

Importantly, we noted that both CDK1 and PRC1 were
involved in the same GO term, midbody. Midbody is a
transient structure during cytokinesis and is involved in
recruitment and organization of abscission machinery, which
physically regulates the localization of two daughter cells (49).
Midbody dysregulation causes mitotic problems in daughter
cell separation, which increases cancer susceptibility and
tumorigenesis (50). CITRON, a known serine kinase present at
midbody during cytokinesis, could contribute to tumor occur-
rence in HCC (51). CDK1 phosphorylates septin 9 (SEPT9),
thus playing an important role in mediating the final separa-
tion of daughter cells (52). Moreover, PCR1 could accumulate
in the midbody during cytokinesis and organize the midbody
through microtubule regulation (49). Based on this study,
we may speculate that CDK1 and PRCI1 contribute to the
progression of CCA through midbody-related function.

Although we cannot exclude the possibility that the identi-
fied hub genes may be implicated in noncarcinogenic aspects of
CCA, we attempted to ensure the credibility of the results by
including as many datasets as possible. Except for TCGA, a total
of 4 datasets were used to validate the differential expression of
hub genes. In addition, the survival analysis of certain hub genes
was based on 2 datasets. Moreover, we performed RT-qPCR to
verify the selected hub genes based on 10 pairs of tissue samples.

In conclusion, we identified a number of hub genes and
comprehensively revealed the biological functions and
signaling pathways associated with CCA carcinogenesis
through systematic bioinformatic analyses. Moreover, we
identified CDKI, MKI167, TOP2A and PRCI as possible
prognostic biomarkers and further discussed the roles that
the four genes may play in cancer development. Most of the
genes have not been thoroughly studied in CCA. In future
research, the clinical application of the identified hub genes
as biomarkers for supervising the prognosis of CCA patients
should be further investigated. Moreover, research concerning
specific mechanisms of these genes in CCA occurrence and
progression is warranted.
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