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Abstract N\
Cholangiocarcinoma (CCA) is one of the most common malignant tumors. Although gene-targeted therapies have significantly
improved the outcome of many cancers, the results are still not satisfactory for patients with CCA. Owing to the lack of an effective
biomarker for guiding clinical treatment and monitoring prognosis in patients with CCA, the purpose of this study was to identify a new
biomarker that could help predict the outcome of patients with CCA using bioinformatics tools.

Gene expression data were collected from three publicly available datasets, comprising 263 patients with CCA and 22 healthy
controls. Differentially expressed genes were obtained using the limma package (FDR < 0.05, |Log-FC|>1), and the respective
protein—protein interaction revealed five relevant genes in the STRING dataset (TOP2A, BUB1, RRM2, TYMS, and KIF4A). The
immunohistochemistry and PCR were used to analyze the difference in KIF4A expression in CCA.

Kinesin Family Member 4A (KIF4A) was the only gene significantly associated with overall patient survival (P.035), with higher KIF4A
expression being associated with poor survival rates. Moreover, KIF4A was significantly correlated with the infiltration of activated
memory T cells (P=.0198) and activated mast cells (P=.008) in the tumor microenvironment. Increase in KIF4A expression affected
the infiltration degree of the immune cells, which may be involved in the regulation of immune tolerance by CCA cells. The results
indicated that the expression of KIF4A in CCA was higher than that in paracancerous tissues.

Taken together, these findings suggest that KIF4A could be a potential new biomarker in CCA for predicting the response of
patients to targeted immunotherapies.

Abbreviations: Cholangiocarcinoma = CCA, DEGs = differently expressed genes, GEO = Gene Expression Omnibus, GEPIA =
Gene Expression Profiling Interactive Analysis, GO = gene ontology, GSEA = Gene set enrichment analysis, KEGG = Kyoto
Encyclopedia of Genes and Genomes, KIF4A = Kinesin Family Member 4A, PBS = phosphate buffer saline, PPl = Protein—protein

interaction, gRT-PCR = Quantitative real-time PCR, TCGA = The Cancer Genome Atlas.
Keywords: biomarker, cholangiocarcinoma, immunotherapies, prognosis

Editor: Leonidas G. Koniaris.

This work was supported by the Anhui Province Science Foundation
(2008085MH256) and the university top-notch talent cultivation project
(gxbjiZD28).

The authors have no conflicts of interest to disclose.

Data Availability: The datasets used in this study are publicly available at the
Gene Expression Omnibus database (GSE26566, GSE32225, and GSE45001).
The processed data are available from the corresponding author upon
reasonable request.

All data generated or analyzed during this study are included in this published
article [and its supplementary information files].

@ Department of General Surgery, The First Affiliated Hospital of Bengbu Medical
College, © Department of Clinical Medicine, Bengbu Medical College, Bengbu,
China.

) Correspondence: Zheng Lu, Department of General Surgery, The First Affiliated
Hospital of Bengbu Medical College, No.287 Chang Huai Road, Bengbu
233000, Anhui, China (e-mail: zdy527897470@126.com).

Copyright © 2021 the Author(s). Published by Wolters Kluwer Health, Inc.

This is an open access article distributed under the terms of the Creative
Commons Attribution-Non Commercial License 4.0 (CCBY-NC), where it is
permissible to download, share, remix, transform, and buildup the work provided
it is properly cited. The work cannot be used commercially without permission
from the journal.

How to cite this article: Zhang DY, Ma SS, Sun WI, Lv XC, Lu Z. KIF4A as a
novel prognostic biomarker in cholangiocarcinoma. Medicine 2021;100:21
(e26130).

Received: 28 December 2020 / Received in final form: 20 April 2021 / Accepted:
6 May 2021

http://dx.doi.org/10.1097/MD.0000000000026130

1. Introduction

Cholangiocarcinoma (CCA) is a heterogeneous group of
malignancies that can emerge at every point of the biliary tree.
It is the second most common primary liver tumor and accounts
for approximately 10-15% of all hepatobiliary malignancies.!'=!
CCAs can be classified as intrahepatic, perihilar, and distal CCA
according to their anatomical location, and these subtypes have
not only particular similarities but also important inter- and
intra-tumor differences that can affect the CCA pathogenesis and
outcome.**! These subtypes differ in their epidemiology,
etiology, pathogenesis, and treatment. CCA is difficult to
diagnose at an early stage, with most cases being already at an
advanced middle or late stage at the time of diagnosis. Surgical
treatment is preferred for all subtypes; however, vascular
structure and lymph node involvement need to be considered.
The high fibrinolytic quality of CCA, extensive support of a rich
tumor microenvironment, and profound genetic heterogeneity,
are all important contributing factors to therapeutic resistance in
CCA.B! Most CCA patients lack an obvious correlation with
known etiological factors, complicating the monitoring and early
diagnosis of patients at risk for tumor development.'®! CA19-9 is
currently used to diagnose CCA, but owing to its low specificity
and sensitivity, early diagnosis and prognostic detection of CCA
are unreliable.[”! Therefore, biomarkers have a critical role in the
diagnosis, prognosis, and treatment of patients with CCA. A
reliable biomarker can be used for early diagnosis of CCA,
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evaluation of therapeutic efficacy, prediction of the likelihood of
recurrence, and targeted drug development.

KIF4A is a member of the kinesin superfamily, with a
molecular weight of approximately 140 kDa. It is mainly located
in the nucleus, and its localization and function in the nucleus
vary with the cell cycle stage.’®* In addition to the involvement of
KIF4A in the transport of intracellular materials, it is closely
related to the formation and dynamics of spindles during mitosis,
concentration and arrangement of chromosomes, and comple-
tion of cytokinesis.!'”! Some studies have revealed that KIF4A is
involved in DNA damage and repair and that abnormal
expression of KIF4A may affect the expression of the homolo-
gous recombination enzyme RadS1 and its regulator BRCA2,
leading to the failure of damaged DNA repair.'"'?! DNA
damage may lead to abnormal cell proliferation and differentia-
tion, ultimately promoting tumor formation.!'3! Therefore,
KIF4A is closely related to the occurrence and prognosis of
various human tumors."'!

In this study, we used bioinformatics techniques to identify and
verify the prognostic value of differently expressed genes (DEGs)
in CCA and conducted in-depth studies on the biological
functions and involvement of potential biomarkers to better
understand the biology of CCA. Improved knowledge of the
carcinogenic background of this disease and its complex
interactions with the tumor microenvironment can lead to
optimal treatment and improved patient survival.

2. Materials and methods

2.1. Data and tissue collection

The gene expression data of bile duct cancer were collected from
three publicly available datasets stored in the Gene Expression
Omnibus (GEO) database. The datasets were selected based on
the sample size (greater than 20) and presence of control samples.
The GSE26566 dataset was based on the Illumina GPL6104
platform (Illumina humanRef-8 v2.0 expression beadchip) and
comprised information on 111 patients with bile duct carcinoma.
The GSE32225 dataset was based on the Illumina GPL8432
platform (HumanRef-8 WG-DASL v3.0) and included informa-
tion on 149 tissues from patients with CCA and expression
spectrum data from six adjacent tissues. Lastly, the GSE45001
dataset was based on the Agilent GPL14550 platform (Agilent-
028004 SurePrint G3 Human GE 8x60K Microarray) and
consisted data on 10 patients with CCA and 10 adjacent
expression spectrum data. The GEOquery *! toolkit was used
for downloading and processing the data. Considering the
differences among data platforms, we used the SVA ¢! toolkit
for removing the batch effect. Tissue specimens from five patients
with CCA were obtained after surgical resection and were stored
in the refrigerator at -80°C. This study was approved by the ethics
committee of the First Affiliated Hospital of Bengbu Medical
College (No. 2019035).

2.2. Differentially expressed gene analysis and gene set
enrichment analysis

We used the limma R package to obtain 588 DEGs (FDR < 0.05,
|[Log,FC|>1) between healthy controls and patients with CCA
(216 upregulated genes and 372 downregulated genes). Next, we
used the clusterProfiler"”! R package to carry out the gene
ontology (GO) function and Kyoto Encyclopedia of Genes and
Genomes (KEGG) analyses on DEGs. A P-value of <.05 was
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considered statistically significant and used as a threshold to filter
the data.

2.3. Protein-protein interaction (PPI) network and
selection of hub genes

We further constructed a PPI network of DEGs based on the
STRING database.!'®! The network was visualized using Cyto-
scape,™”! and the five most relevant genes were extracted using
the CytoHubba plug-in.!*"

2.4. Survival and mutation analyses

Owing to the lack of prognostic information on patients with bile
duct carcinoma in the selected GEO datasets, we used Gene
Expression Profiling Interactive Analysis (GEPIA),*!! which is
based on information from The Cancer Genome Atlas (TCGA)
database, to assess the predictive potential of the hub genes with
regard to patient survival. The mutational spectrum of the five
identified hub genes was explored using the cBioPortal
website.!?!

2.5. Analysis of immune cell infiltration and its correlation
with KIF4A expression

The Cibersort 1#*! algorithm was used to analyze immune cell
infiltration in the cancer samples (N=263), based on the
combined gene chip data. The correlation analysis of 0.05
samples was generally considered as statistically significant. The
calculated results of the 0.05 samples were more accurate and
reliable, and thus, in total, 93 samples were selected for further
analysis. Then, we calculated the correlation between KIF4A
expression and the level of immune cell infiltration.

2.6. Gene set enrichment analysis (GSEA)

GSEA is a statistical method for evaluating whether a
congenitally defined set of genes shows statistically significant
differences in consistency between two different biological states.
A dataset comprising 270 patients with intrahepatic CCA was
classified based on the median value of KIF4A expression, and the
clusterProfiler R package was used to identify the main cellular
pathways affected by KIF4A.

2.7. Quantitative real-time PCR

Total RNA in CCA tissues was extracted using a Trizol kit
(Invitrogen, USA) according to the manufacturer’s instructions.
Quantitative real-time PCR (qQRT-PCR) was performed using an
Applied Biosystems 7500 Real-Time PCR system (Applied
Biosystems, Foster City, CA, USA) and SYBR Premix Ex Taq
Tli RNaseH Plus (Takara Bio; RR820A).

The primers used were as follows: KIF4A — Forward primer 5'-
GGGATGACGAGGAATGGAAG-3/, reverse primer 5'-TCA-
CAGCAACAGTCCACAC-3’; GAPDH - forward primer 5'-
CACCAGGGCTGCTTTTAACTCTG-3/, reverse primer 5'-
GATTTTGGAGGGATCTCGCTCCTG-3'. Data are presented

as mean=SD in at least three independent experiments.

2.8. Immunohistochemistry

After the CCA and adjacent normal tissues were embedded into
paraffin and sectioned, the tissue sections were dewaxed with



Zhang et al. Medicine (2021) 100:21

www.md-journal.com

-Logy P-value

-5 -10 1 5
Log- (fold change)

10

B

Figure 1. Heatmap (A) and volcanic map (B) of differentially expressed genes between the cholangiocarcinoma group and the control group.

xylene, hydrated with gradient ethanol, repaired with EDTA
antigen retrieval solution, and soaked in hydrogen peroxide
solution at 25°C for 30 min. Next, the sections were incubated
with 3% bovine serum albumin at 37°C for 30 min. Later, the
sections were washed with phosphate buffer saline (PBS) and
incubated with a primary antibody (rabbit anti-human KIF4A,
1:50 dilution, Abcam, Cambridge, MA, USA; ab124903)

overnight at 4°C. Following incubation, the sections were
washed three times with PBS for Smin each. After discarding
the PBS, the sections were incubated with an HRP-labeled rabbit
secondary antibody (31460; Waltham, MA, USA) 37°C for 30
min. Then, the sections were washed with PBS and incubated
with DAB chromogenic agent. The sections were again washed
with PBS, counterstained with hematoxylin, placed in cold water
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Figure 2. Enrichment analysis diagram of the differentially expressed genes in cholangiocarcinoma.
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Figure 3. Protein—protein interaction network of the differentially expressed genes in cholangiocarcinoma. The node size represents the degree value of each

protein in the network.

for 10min, dehydrated with gradient ethanol, air dried, and
sealed with neutral gum.

2.9. Statistical analysis

Differentially expressed gene analysis, GO, KEGG, and Pearson
correlation analysis were conducted using Rstudio (v.3.6.1). We
obtained the outcomes of Kaplan Meier survival analysis in the
GEPIA database. The selection criteria were as follows: Methods
(Overall Survival); Group Cutoff (Median); 95% Confidence
Interval (YES); Datasets Selection (CHOL).

3. Results

3.1. DEGs may contribute to important biological
functions in CCA

The genetic landscape of 263 cancer samples was compared with
that of 22 healthy control samples. In total, 588 DEGs were
identified (FDR<0.05, |Log,FC|>1) (Fig. 1).

Further, GO and KEGG analyses were performed on these DEGs
to predict some possible biological functions (Fig. 2). KEGG
analysis revealed that the complement and coagulation cascades,
metabolism of xenobiotics by cytochrome P450, and PPAR
signaling pathway, among other pathways, were significantly
enriched. Meanwhile, GO enrichment analysis indicated that the

Figure 4. The top five proteins identified in the protein—protein interaction
network of cholangiocarcinoma. The key subnetwork was selected according
to the node degree of each protein.
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Figure 5. Survival analysis diagrams of the top five proteins identified in the critical cholangiocarcinoma subnetwork.

DEGs were also involved in extracellular structure organization,
biological processes, and the carboxylic acid catabolic process.

3.2. Five hub genes were identified from the PPI network

The interaction between different proteins in CCA was analyzed
using the STRING database (Fig. 3), and the CytoHubba
algorithm was used to calculate the node degrees of all the genes

in the PPI network. Among the 588 DEGs, five genes stood out —
TOP2A, BUB1, RRM2, TYMS, and KIF4A — as the most relevant
interaction nodes (Fig. 4).

3.3. KIF4A overexpression reduces patient survival in CCA

Next, we used the GEPIA database to analyze the effect of the
expression patterns of TOP2A, BUB1, RRM2, TYMS, and
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Figure 6. Mutation status of TOP2A, BUB1, RRM2, TYMS, and KIF4A in cholangiocarcinoma.

No alterations

KIF4A on the survival of patients with CCA. Only the expression
of KIF4A had a significant effect on the survival outcome of
patients with CCA, with KIF4A overexpression being associated
with significantly lower survival (P=.035) (Fig. 5).

3.4. Mutational status of the five hub genes

To evaluate the mutational status of RRM2, TYMS, TOP2A,
KIF4A, and BUB1, the genes were analyzed using the cBioPortal
database. The mutation frequency of these genes is low in CCA
(Fig. 6).

The analysis of KIF4A expression in other carcinomas revealed
that KIF4A is overexpressed in several malignant tumors
compared to its expression in the corresponding normal cells/
tissues (Fig. 7). Therefore, KIF4A may play an important role in a
variety of cancers, although its underlying mechanism and
function are not well understood.

3.5. Association of KIF4A with immune infiltrating cells

Next, the relationship between KIF4A expression and immune
cell infiltration was further explored. We used the CIBERSORT
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Figure 7. KIF4A expression in TCGA carcinoma.

algorithm to calculate the immune infiltration level in 263 CCA
samples and selected 93 samples for subsequent analysis
(P<.05). KIF4A expression significantly correlated with the
infiltration of various immune cells within the tumors (Fig. 8). In

particular, higher KIF4A expression significantly increased the
infiltration of CD4" memory T cells (P=.0198), whereas the
number of resting CD4* memory T cells decreased (P=.0184).
Similarly, increased KIF4A expression was associated with
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Figure 8. Correlation analysis between KIF4A expression and immune infiltrating cells in cholangiocarcinoma.

significantly increased mast cell activation (P=.008) and reduced
number of resting mast cells (P=.0086). Altogether, these results
suggest that KIF4A is involved in the regulation of immunity
within CCA tumors.

3.6. GSEA of KIF4A

Lastly, the impact of KIF4A expression on cell behavior and
biological function was explored. According to the median
expression value of KIF4A, the 263 CCA samples were divided
into two groups: high expression and low expression groups. The
GSEA algorithm was used to enrich and analyze the genes of the
high and low expression groups. The results revealed that the GO
functions (Fig. 9A) were significantly enriched in the cell cycle,

cytokine receptor interaction, and complement and coagulation
cascades, showing a positive correlation with KIF4A. In contrast,
KEGG pathway analysis (Fig. 9B) was mainly concentrated in the
inflammatory response and regulation of cell activation. These
results show that KIF4A plays a key role in the immune status of
CCA.

3.7. Expression of KIF4A in CCA tissues

We conducted qRT-PCR and immunohistochemistry to verify
the expression of KIF4A in five CCA samples. GAPDH was
used as a reference gene for PCR. The results of immunohis-
tochemistry showed significantly high KIF4A expression in
CCA tissues than that in paracarcinoma tissues (Fig. 10 (A)).
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Figure 9. Gene set enrichment analysis of KIF4A in cholangiocarcinoma.

qRT-PCR results showed that the expression of KIF4A mRNA
was significantly high in CCA samples than that in para-
carcinoma samples (average of five patients), with an average
increase in expression by approximately 4.5-fold (P <.001)
(Fig. 10(B)).

4. Discussion

In this study, we evaluated and compared the genetic landscape of
263 cases of CCA and 22 healthy counterparts. Based on 588
DEGs, a PPI network was constructed, and five genes — RRM2,
TYMS, TOP2A, KIF4A, and BUB1 — were identified as being
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KIF4A

Relative mRNA level of KIF4A

Figure 10. KIF4A expression in human CCA tissue. (A) KIF4A expression in CCA tissues compared with that in paracarcinoma tissues, as determined by
immunohistochemistry. (B) KIF4A expression in CCA tissues compared with that in paracarcinoma tissues, as analyzed by gRT-PCR. P<.05.

most relevant. Of note, overexpression of KIF4A was found to
be associated with poorer prognosis in CCA, resulting in
significantly shorter survival time. KIF4A expression was
significantly correlated with immune cell infiltration at the
tumor site, further predicting the GO and KEGG enrichment of
KIF4A. To our knowledge, the role of KIF4A in CCA is still
unknown.

CCA has received increasing attention due to its high
malignancy potential and poor outcomes. In recent decades,
the global incidence of CCA, in particular intrahepatic CCA, has
increased.>>** Recent studies have shown that immunotherapy
has made some initial achievements in the treatment of many
malignant tumors.*>! However, not all patients with advanced
cancer are eligible for such treatments and may not have a good
prognosis, as immunotherapies require a long time to show their
therapeutic effects.!*®! Therefore, biomarkers, such as KIF4A
identified in this study, can be used to estimate treatment response
and survival outcomes in patients with CCA.

In this study, the analysis of the most relevant DEGs (the PPI
nodal genes) revealed their potential involvement in CCA. We
found that RRM2, TYMS, TOP2A, KIF4A, and BUB1 were
mainly enriched in pathways involved in the complement and
coagulation cascades, metabolism of xenobiotics by cytochrome
P450, and PPAR signaling pathway. In addition, GO function
analysis revealed that these five genes were implicated in the
organization of biological processes and the carboxylic acid
catabolic process. Analysis of the mutational status of the five
genes revealed a low frequency of mutations associated with
CCA.

As mentioned above, we selected the genes with the top five
node degrees in the PPI network; however, only KIF4A
demonstrated predictive potential for poor prognosis in CCA.
The survival time of patients with overexpression of KIF4A was
significantly lower than that of patients with low KIF4A
expression. Therefore, inhibition of the KIF4A expression may
affect the biological behavior of bile duct cancer cells, leading to
the prevention of cancer cell growth, spread, and overall CCA
progression. KIF4A expression was significantly altered in a
variety of malignant tumors in comparison with that in healthy
counterparts. Therefore, we chose KIF4A for the next step of
molecular research.
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We investigated the relationship between KIF4A expression
and immune infiltration and found that KIF4A expression was
significantly correlated with the activation of CD4* memory T
cells and mast cells. These results suggest that KIF4A is involved
in immune regulation and immune escape mechanisms of CCA
cells through promoting the infiltration of activated immune
cells. In particular, KIF4A may contribute to enhanced immune
tolerance of bile duct cancer cells, allowing them to evade the
host immune cancer-targeted activity. Furthermore, we found
that KIF4A was mainly involved in cytokine-receptor interac-
tion, complement and coagulation cascades, natural killer cell-
mediated cytotoxicity, cell cycle, ribosome, and calcium
signaling pathways. Moreover, we conducted qRT-PCR and
immunohistochemistry to verify the expression of KIF4A in
CCA and paracarcinoma tissues. As shown in Figure 10, the
results of both immunohistochemistry and qRT-PCR indicated
an increased expression of KIF4A in CCA tissues compared
with that in paracarcinoma tissues. These results suggest that
KIF4A has a broad cellular impact, which warrants further
studies. Nevertheless, based on our findings, we speculate that
KIF4A may hold predictive potential and represent a useful
biomarker in CCA.

There were some limitations to this study. First, our survival
and KIF4A expression association analysis was derived from the
GEPIA database because of the lack of clinical information on
patients with CCA and the low number of samples available.
Second, no laboratory experiments were conducted to verify the
biological activity of KIF4A in CCA. The functional aspects of
KIF4A will be the focus of our future studies.

5. Conclusion

In this study, we screened and validated the expression,
survival prognosis, and mutational status of five potential
biomarkers of CCA. Particularly, KIF4A showed potential
as a representative novel biomarker in CCA, with the
ability to evaluate the tumor microenvironment immunity
and identify patients who could benefit from gene-targeted
therapy or immunotherapy. These findings will provide new
insights into the biology of CCA and potential new treatment
strategies.
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