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Aim: This study was done to determine biomarkers for the prognostic prediction of
hepatocellular carcinoma (HCC).

Materials and Methods: In the Gene Expression Omnibus, the gene expression profiles of
HCC were downloaded. Biomarkers were identified by weighted gene co-expression network
analysis and protein—protein interaction network analysis.

Results: There were 24 modules, which were characterized by the high correlation with
HCC. Meanwhile, through enrichment analysis, differentially expressed genes were largely
participated in the ubiquitination and autophagy processes. Moreover, PRC1, TOP2A and
CKAP2L may be the hub genes involved in HCC tumorigenesis, and their biomarker roles
were further demonstrated via Gene Expression Profiling Interactive Analysis (GEPIA) and
Oncomine databases. In addition, the levels of PRC1, TOP2A and CKAP2L were obviously
up-regulated in the sera of HCC patients.

Conclusion: PRC1, TOP2A and CKAP2L may serve as biomarkers for the prognostic
prediction of HCC patients.
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Introduction

According to the cancer statistics reported in 2020, hepatocellular carcinoma (HCC)
is the main type of Primary Carcinoma of the Liver and the second leading causes
of cancer-related death globally, with a five-year survival rate < 20%." Currently,
surgical resection, a standard therapy for HCC, contributes to the prognosis of
HCC.? It is known that most HCC patients are diagnosed at the middle and/or
advanced stages, which may lead to delayed treatment and poor prognosis.’ Due to
the reason that the current detection techniques including diagnostic imaging and
biomarkers still need to be improved, there is an urgent need for accurately
diagnosing HCC at an early stage.* Moreover, the identification of reliable prog-
nostic molecular targets for HCC is imperative.’

Weighted gene co-expression network analysis (WGCNA) is a method that
divides differentially expressed genes (DEGs) with closely relevant stemness
index into gene modules (GMs).® According to function enrichment analysis of
DEGs, disease characteristics and cancer-associated biomarkers can be identified.
In this study, a microarray dataset (GSE76427) was obtained from the Gene
Expression Omnibus (GEO) database, then WGCNA as well as protein-protein
interaction (PPI) network analysis was used to find HCC-related hub genes.’
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Interestingly, there may be a positive correlation between
HCC development and hub genes including PRCI,
TOP2A and CKAP2L, which was confirmed by the data-
sets from Gene Expression Profiling Interactive Analysis
(GEPIA) and Oncomine databases. Notably, the protein
levels of these hub genes were increased in the liver
tissues from HCC patients in the Human Protein Atlas
(THPA) database. The results of this study demonstrate
that the HCC-related hub genes such as PRC1, TOP2A
and CKAP2L may be used as promising prognostic bio-
markers for HCC, which may provide us with fresh
insights into the molecular mechanisms of HCC.

Materials and Methods

Data Collection

From the GEO database (https://www.ncbi.nlm.nih.gov/),
the mRNA expression profile and the relevant clinical data
of human HCC were downloaded. The dataset GSE76427
including 115 HCC and 52 adjacent normal tissue samples

was extracted from the platforms GPL10558 (Illumina
HumanHT-12 v4.0 Expression BeadChip). Then the
mRNA expression profile was utilized to structure co-
expression networks and confirm hub genes.

Identification of DEGs

The “limma” R package was utilized to calculate fold
change (FC) value of gene expression level between
HCC and adjacent normal tissues.® In addition, the method
of Benjamin-Hochberg was applied to obtain the false
discovery rate (FDR).” All DEGs were screened by using
the criteria of FDR < 0.05 and |log FC| > 1.5.

Construction of the Gene Co-Expression

Network

WGCNA package was utilized to construct a co-
expression network for the identified DEGs in GSE76427
in this study.'” According to Pearson’s correlation
matrices, we constructed a weighted adjacency matrix by
a power function am=|cmn|® (cmn=Pearson’s correlation
between gene m and gene n). To emphasize the weak
correlations and strong correlations between genes, the
soft threshold power B was set as 4. Then, we transferred
the adjacencies to the topological overlap matrix (TOM),
and used the gene dendrogram with a minimum module
size of 20 to perform average linkage hierarchical cluster-
ing. Finally, genes classified to the same module tend to
exhibit similar expression patterns and functions."'

Protein-Protein Interaction (PPI)

PPI network information with a combined score of 0.4 was
obtained from the Search Tool for the Retrieval of Interacting
Genes (STRING) database (http://string-db.org) based on
uploaded DEGs.'? By using a tool of Network Analyzer in
Cytoscape software 3.6.1 (https://cytoscape.org), the degree
score of each gene was obtained. Then, genes that have

a degree higher than 5 were defined as hub genes in this study.

Identification of Hub Genes

The key module genes were composed of highly intercon-
nected nodes and had been demonstrated to have important
functions."® In this study, key module genes in the co-
expression network were considered to have high module
membership (MM) measured by Pearson’s correlation, and
were correlated with the clinical trait.'* The common hub
genes in PPI network and the co-expression network were
defined as “true” hub genes for subsequent analysis.

Hub Genes Validation

To validate the hub genes, GEPIA database (http://gepia.
cancer-pku.cn) was used to compare expression levels and
survival analysis data between HCC and adjacent normal
tissues.'”> Additionally, Oncomine database (http://www.
oncomine.org) was also utilized to verify the expression
values of the hub genes. All the results with P<0.05 were
considered of statistically significance.'® Furthermore, the
Human Protein Atlas (http://www.proteinatlas.org) offered

immunohistochemistry validation to the hub genes.

Function Enrichment Analysis

We used the R package “cluster Profiler” to perform gene
ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway enrichment analysis on the
DEGs identified in the 24 modules, respectively.!” Gene sets
were considered significantly enriched under a threshold of
P<0.05.

The Human Protein Atlas (THPA)

The Human Protein Atlas (https://www.proteinatlas.org/) was

composed of Tissue Atlas, Pathology Atlas and Cell Atlas.
This database provided proteomics data and cell-specific loca-
lization information across certain normal tissues and organs
and 20 of the most common types of cancer. In this study, this
database was utilized to study the protein expression and cell-
specific localization of the PCR1, TOP2A and CKAP2L gene
in normal liver tissues and cancer tissues.
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Validation of qRT-PCR

Sera samples were obtained from 20 HCC patients and 20
healthy controls from Lishui Municipal Central Hospital.
The study was approved by the ethics committee of Lishui
Municipal Central Hospital and the informed consents
were received from all subjects in this study. Next,
TRIzol LS reagent was used to extract total RNA from
the sera of HCC patients and healthy controls. Then we
used the ribo SCRIPTTM reverse transcription kit to
reversely transcribe the mRNA into cDNA. The mRNA
expression level was calibrated with glyceraldehyde-
3-phosphate dehydrogenase (GAPDH). SYBR Green

master mix was added, and then real-time PCR was per-
formed by using a 7500 rapid quantitative PCR system
(Applied Biosystems, USA). We recorded the CT value of
each well, and the relative quantification of the amplified
products was carried out by using the 27" method.

Statistical Analysis
In this study, R version 3.6.1 (http://www.R-project.org)

was used to perform statistical analysis. A paired ¢-test was
utilized to check for differences in gene expression
between tumor and normal tissues. The P value of less
than 0.05 was considered of statistically significance.

Downloading of raw data
of GSE76427

|

Data preprocessing

115 HCC samples

|

52 adjacent samples

Screening for differentially
expressed genes

r
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Figure | Study design. Flowchart of data collection, preprocessing, analysis and validation.
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Results
Identification of DEGs Between HCC

Patients and Normal Controls
The workflow of this study is shown in Figure 1.

The aim of this study was to identify the roles of DEGs
in the development and progression of HCC. The expres-
sion data of GSE76427 was downloaded from the GEO
database. All patients were included into subsequent ana-
lysis after the data preprocessing and quality evaluation of
the WGCNA R package. Using the threshold of FDR
<0.05 and the adjusted P value <0.05, over 13648 DEGs

were identified for further analysis, and the minimum log |
FC| was greater than 1.5. Among these, 6922 were up-
regulated, while 6726 were down-regulated.

Construction of a Weighted
Co-Expression Network for Key Modules

Co-expression analysis was performed on all clinical sam-
ples, and no significant outliers were found (Figure 2A).
The weighted co-expression network in this study was
constructed with a weighted parameter (soft-threshold B
= 4) that ensured the adjacency function of the scale-free
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Figure 2 Use Weighted Gene Co-expression Network Analysis (WGCNA) to determine the soft threshold power (B). (A) Clustering’s expression data was from the
differentially expressed genes between HCC (n = | 15) and adjacent normal (n = 52) tissues. (B) Scale-free topology model fitting index (R2, y-axis). (C) Average connectivity
of diverse soft-thresholding powers, where the red Arabic numerals indicate the soft thresholds. We determine = 4, so as to balance the maximizing R2 and maintaining

a high average number of connections.
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network (Figure 2B and C). Here, the dynamic tree was
used to cut and merge similar modules, and 24 modules
were identified and visualized through the clustering den-
drogram (Figure 3A and B). Interestingly, all modules
were related to certain clinical features (Figure 3C).

GO and KEGG Pathway Analysis of DEGs
All DEGs were classified into clusters with the same GO
biological process (BP) terms and KEGG pathway functions
using the R package “cluster Profiler”. As indicated by the

analysis of GO term results, the upregulated DEGs in tumors
were mainly enriched in ubiquitin-like protein transferase
activity (Figure 4A), whereas the downregulated DEGs
were enriched in coenzyme binding and carboxylic acid
binding (Figure 4C). Moreover, the results of KEGG path-
way function analysis revealed that the upregulated genes in
tumors were mainly enriched in ribosome, cell cycle, spli-
ceosome and ubiquitin mediated proteolysis (Figure 4B),
whereas the downregulated DEGs were enriched in comple-
ment and coagulation cascades (Figure 4D). Next, GO and
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Figure 3 Identify modules related to HCC tumorigenesis. (A) Dendrogram of differentially expressed genes clustered based on a dissimilarity measure (I-TOM). (B)
Adjacent heatmap of characteristic genes of different modules. (C) Heatmap of the correlation between the characteristic genes of the module and the clinical

characteristics of HCC.
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KEGG pathway enrichment analysis were performed in the
24 modules, respectively. Intriguingly, cell cycle was highly
associated with 2 modules (black and yellow) (Figure 4F and
H), and the genetic compositions of the above two modules
were completely different, since the black module consisted
of downregulated DEGs, whereas the yellow module was
composed of upregulated DEGs.
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Hub Gene Identification Through PPl and
WGCNA

Next, the hub genes of DEGs were explored in PPI network
via STRING analysis and only 161 genes reached the cutoff
criterion (degree>5) in Cytoscape. Moreover, it was found
that 162 hub genes were identified by WGCNA analysis.
Further studies showed that only 3 hub genes including
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Figure 4 GO and KEGG enrichment analysis of genes in the total module. (A and B) Enrichment results of all up-regulated genes via GO and KEGG analysis. (C and D)
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PRC1, TOP2A and CKAP2L, were confirmed by both PPI
and WGCNA, as shown in Venn diagram (Figure 5A).
Notably, the above 3 genes were involved in the same cluster
in the PPI network using Markov Clustering (MCL) algo-
rithm (inflation parameter=5) (Figure 5B).

Hub Genes Validation in the GEPIA,

Oncomine and THPA Database

It was found that the expressions of PRC1, TOP2A and
CKAP2L were increased in HCC tissues via GEPIA
(Figure 6A—C). In addition, HCC patients with low expres-
sions of these genes exhibited prolonged survival
(Figure 6D-F). Furthermore, the data from Oncomine data-
base confirmed higher expression levels of PRC1, TOP2A
and CKAP2L in tumor tissues in comparison with adjacent
normal tissues (Figure 7A—C). Additionally, the results of
immunohistochemistry staining from THPA database indi-
cated that PRC1, TOP2A and CKAP2L may be oncogenes

(Figure 7D-F).

Hub Genes Validation in Sera of HCC
Patients

The expressions of PRC1, TOP2A and CKAP2L were also
examined in the sera of HCC patients. Notably, it was
found that serum levels of PRC1, TOP2A and CKAP2L
were up-regulated in HCC patients in comparison with the

A

PPI WGCNA

159
(49. 7%)

B e

healthy controls (Figure 8). Our results suggest that PRCI,
TOP2A and CKAP2L may be promising HCC biomarkers.

Discussion

Currently, there is an urgent need to improve the diagnosis
of HCC, which may promote the survival rate of HCC
patients.'® We explored the hub biomarkers and molecular
mechanisms of HCC via GSE76427. Our findings contri-
bute to the development of new predictive models and
biomarkers for the detection of patients with HCC. Our
data also revealed the involvement of the pathways of
ubiquitination and autophagy in HCC. Finally, using
WGCNA and PPI, we identified the key hub genes in
HCC."”

Interestingly, our results indicated that PRC1, TOP2A,
and CKAP2L were highly correlated with the progression
and prognosis of HCC. Currently, this is the first report to
screen the key oncogenes (PRC1, TOP2A and CKAP2L)
via WGCNA analysis and PPI network in HCC, which
may provide promising prognosis biomarkers for HCC.

Herein, all DEGs were divided into two groups:
upregulated genes and downregulated genes. The enrich-
ment analysis of GO biological process revealed that
many upregulated genes were enriched in the ubiquiti-
nating process, while the downregulated ones were
enriched in the autophagy process. Further studies were
performed in the 24 modules via GO (BP) and KEGG
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Figure 5 Common hub genes in co-expression network and PPl network. (A) Venn diagram showed the hub genes in the co-expression network and the PPl network, in
which three common network genes were further analyzed and verified. (B) Three selected genes were involved in the same cluster in the PPl network using Markov

Clustering (MCL) algorithm (inflation parameter=5).
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pathway enrichment analysis. As a result, 2 modules
(black and yellow) were found to be associated with
cell cycle. Notably, the black module was consisted of
downregulated DEGs, whereas the yellow module was
composed of upregulated DEGs, indicating that cell
cycle may be one of the major processes for HCC-
associated ubiquitination and autophagy programming.
For example, recent studies have reported that ubiquity-
lation could contribute to the development of new pro-
cesses related to DNA replication and mitosis.”® Besides,
that
a mechanism that maintains orderly DNA repair and

Zheng et al found selective autophagy is

genome integrity by degrading specific cell cycle pro-
teins, regulating cell division, and promoting DNA

damage repair.”’ Combined with these, targeting ubiqui-
tination and autophagy may be a promising treatment
strategy for HCC.

Three hub genes including PRCI1, TOP2A and
CKAP2L were identified in the intersection of WGCNA
and PPI network analysis. Among them, PRC1 is a key
regulator of cytokinesis.”> As an oncogene, PRCI1 has
been demonstrated to be a substrate of several cyclin-
dependent kinases, as well as an exhibitor of E3 ubiquitin-
ligase activity.”® The ubiquitin pathway has been reported
to be involved in cell cycle regulation.* Previously, de-
ubiquitin enzyme have been found to reverse the process
of protein ubiquitin degradation, and then affect the occur-
rence and prognosis of HCC, including tumor signal
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pathway, apoptosis, autophagy, and cell cycle regulation.”
Currently, tazemetostat (EPZ-6438), a competitive inhibi-
tor of PRC1, has been applied to some advanced malignant
sarcoma and

PRC1

tumors, including lymphoma,

mesothelioma,”®  indicating  that may be
a promising target of HCC.

TOP2A is significantly enriched in the nucleotide binding,
nuclear chromosome and magnesium ion binding in GO
biological processes. It is known that TOP2A encodes an
enzyme, DNA topoisomerase, which controls the topological
state of DNA during the transcription process and is often
used as a target of anti-cancer drugs.”’ Further studies have

revealed that TOP2A contributes to the activation of the

PI3K/Akt/mTOR signaling pathway in patients with gallblad-
der cancer (GBC), resulting in the promotion of cell prolif-
eration, migration and invasion in GBC.?® Taken together,
since we still do not know the role of TOP2A in HCC, this
may be a new idea of the molecular mechanism of HCC.
Recently, CKAP2L, participating in the cell division of
neural progenitor cell, has been found to be involved in
spindle organization defects, such as lagging chromo-
somes, mitotic spindle defects and chromatin bridges."
Increasing evidence has demonstrated that CKAP2L
could be induced by the Mitogen Activated Protein
Kinase (MAPK) pathway, leading to the invasion of lung
cancer.”” Furthermore, the MAPK signaling pathway plays
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a key role in the progression of autophagy, associated with
the sensitivity to drug treatment.’® Therefore, higher
CKAP2L may be associated with poor prognosis in
tumors. Interestingly, all the genes (PRC1, TOP2A, and
CKAP2L) were involved in the same cluster (cell cycle) in
the PPI network, which was consistent with the previous
functional enrichment analysis.

However, this study still has many limitations. The
underlying molecular mechanisms of PRC1, TOP2A and
CKAP2L promoting HCC development remain unclear,
which could be explored in the future. In addition, larger
sample size studies are needed to verify the clinical values
of PRC1, TOP2A and CKAP2L in HCC prognosis.

Conclusion

Our results categorize the significance of many HCC-
related biological advances including ubiquitination and
autophagy. Our findings also suggest that PRC1, TOP2A
and CKAP2L may be novel prognostic biomarkers
in HCC.
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Future Perspective
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