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Background: The incidence of liver cancer is increasing every year. Hepatocellular carcinoma (HCC) 
accounts for nearly 90% of liver cancer, and the overall 5-year survival rate of become of Hepatocellular 
carcinoma patients less than 20%. However, the molecular mechanism of HCC progression and prognosis 
still requires further exploration.
Methods: In this study, we downloaded the gene expression data from the Cancer Genome Atlas (TCGA) 
Genomic Data and the official website of GEO database. Weighted gene co-expression network analysis 
(WGCNA) and Pearson’s correlation coefficient were utilized to detect the gene modules. The shared 
differentially-expressed genes (DEGs) were screened out by a Venn diagram, and the hub genes were 
identified through protein-protein interaction (PPI) network analyses. GO and KEGG enrichment analyses 
were constructed for these hub genes. Overall survival (OS) and correlation analysis were conducted to 
investigate the relationship between the hub genes and clinical features.
Results: We screened out 27 shared DEGs, and the mainly enriched GO terms were mitotic nuclear 
division, chromosomal region, and tubulin binding. Furthermore, the top three enriched KEGG pathways 
were “cell cycle”, “oocyte meiosis”, and “p53 signaling pathway”. According to the Maximal Clique 
Centrality (MCC) algorithm, the top 10 candidate hub genes were MYC, MCM3, CDC20, CCNB1, BIRC5, 
UBE2C, TOP2A, RRM2, TK1, and PTTG1, among which BIRC5, CDC20, and UBE2C showed a strong 
correlation with the OS.
Conclusions: Three hub genes (BIRC5, CDC20, and UBE2C) were identified and found to be correlated 
to the progression and prognosis of HCC. These may become potential targets for HCC therapy. 
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Introduction

Liver cancer is a common malignant tumor of the digestive 
tract and the Hepatocellular carcinoma (HCC) is one 
of the most common type of primary liver cancer (1). 
At present, there are multiple treatment modalities for 
HCC, among which liver transplantation, tumor resection, 
chemoembolization, ablation, etc. are widely utilized (2). 
However, the curative effects of these methods differ, and 
the prognosis of patients is poor. Therefore, exploring the 
molecular mechanism of HCC from a genetic perspective 
and finding new tumor markers are helpful for early 
diagnosis as well as the development of highly accurate 
targeted therapy and preventive treatment. Studying the 
pathogenesis and molecular mechanism has always been 
a hotspot in HCC research. Based on genomics research, 
scholars have studied the key genome changes in HCC 
by using The Cancer Genome Atlas (TCGA) and Gene 
Expression Omnibus (GEO) online datasets (3,4). At 
present, most investigations on potential prognostic 
biomarkers for hepatocellular carcinoma from TCGA are 
single or commination studies. In this study, we analyzed 
associations between HCC oncogenes expression and 
clinical prognosis of HCC patients, aim to find novel 
biomarkers and therapeutic target genes for HCC.

With the evolution of high-throughput sequencing 
technology, characterization of gene expression signature 
has been widely used in the study cancer researches, with 
this technique we can efficiently and inefficiently identify 
thess clinical biomarkers and therapeutic targets. Weighted 
gene co-expression network analysis (WGCNA) algorithm 
is a novel biological instrument used to analyze correlated 
gene expression patterns and key genes in samples. It can 
construct a co-expression network to identify clusters of 
genes with similar expression patterns for the investigation 
of clinical traits (5). In this research, WGCNA was 
performed to identify the gene modules that are correlated 
with HCC. Furthermore, gene function enrichment analysis 
and correlation analysis were conducted to investigate the 
mechanism of HCC progression and prognosis. We present 
the following article in accordance with the STREGA 
reporting checklist (available at https://jgo.amegroups.com/
article/view/10.21037/jgo-22-303/rc).

Methods

Data collection

The gene expression data of HCC was downloaded from 

TCGA (http://portal.gdc.cancer.gov), and the DEGs 
of HCC and normal tissues in GSE60502 dataset was 
downloaded from the GEO database (https://www.ncbi.
nlm.nih.gov/geo). The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013).

Weighted gene co-expression network analysis (WGCNA)

WGCNA can be used to detect the co-expression gene 
modules. The pickSoftThreshold function was used to 
to calculate the soft threshold power β. The connectivity 
threshold power β was set to 3. A cluster tree was then 
generated to classify the gene modules. According to the 
dissimilarity measure of the topological overlap matrix 
(TOM), the gene modules were generated by average 
linkage hierarchical clustering. Each branch and color 
represented a different gene module. Pearson’s correlation 
analysis was performed to analyze the interaction of these 
modules and the clinical traits.

Differentially-expressed genes (DEGs) identification

An in-depth analysis the DEGs in HCC, we used the edgeR 
package in Bioconductor (http://bioconductor.org/) with 
P<0.05 & |log fold change (FC)| >1. Then a Venn diagram 
wa constructed to identify overlapping hub module target 
genes among different groups.

Gene function enrichment analysis

To identify the characteristic biological and functional 
properties of all DEGs, the sequences were mapped 
using the GO database. To identify candidate biomarkers 
in this process, we performed Gene Ontology analysis. 
Functional attributes was performed using the Kyoto 
Encyclopedia of Genes and Genomes (KEGG) enrichment 
analysis.

Protein-protein interaction (PPI) network analysis

The online Search Tool for the Retrieval of Interacting 
Genes (STRING) database (https://string-db.org/) and 
cytoHubba (version 0.1, https://cytoscape.org/), a cytoscape 
plugin were performed to construct a PPI network of the 
interaction between DEGs with criteria were confidence 
score >0.7. The top 10 genes were screened out as the hub 
genes by using the Maximal Clique Centrality (MCC) 
algorithm.

https://jgo.amegroups.com/article/view/10.21037/jgo-22-303/rc
https://jgo.amegroups.com/article/view/10.21037/jgo-22-303/rc
http://portal.gdc.cancer.gov
https://www.ncbi.nlm.nih.gov/geo
https://www.ncbi.nlm.nih.gov/geo
https://cytoscape.org/
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OS analysis

We chose the hub genes within the significant modules 
to validate their usage for the prediction of survival 
information. Next, we used the “survival” R package to 
calculate the correlation between each module and overall 
survival (OS), with a value of P<0.05 was considered as 
statistically significant. In addition, the prognostic value of 
the hub genes was analyzed by univariate and multivariate 
Cox regression, with a value of P<0.05 was treated as 
statistically significant.

Correlation analysis between clinical features and hub 
genes expression

The correlation between clinical features and hub genes by 
using the “cor” package in R (http://bioconductor.org/). In 
the present study, clinical features were downloaded from 
TCGA database. P<0.05 was considered as statistically 
significant.

Statistical analysis

All statistical analyses were performed using R software 
version 3.4.3.  WGCNA were performed by using 
“WGCNA” package. P<0.05 was considered as statistically 
significant difference.

Results

Identification of significant gene modules

A WGCNA network was initially constructed using the 
HCC data from TCGA online database, the connectivity 
threshold power β was set to 3 to define the adjacency matrix 
based on calculated by applying the pickSoftThreshold 
function in WGCNA (Figure 1A). Totally of 12 co-
expressed modules and hub genes were clustered, among 
which the black module (422 genes) was related to HCC 
(R=0.84, P<0.05, Figure 1B,1C). After correlation analysis, 
the results showed that black module was strong correlation 
with the module-related genes (R=0.96, Figure 1D, P<0.05).

Similarly, WGCNA was conducted using the GSE60502 
dataset from the GEO database. The scale-free network 
was constructed when β=13 (Figure 1E), and there were 10 
co-expressed gene modules clustered (Figure 1F,1G). The 
results showed that the blue module (2,181 genes) exhibited 
the strongest correlation to HCC (R=0.88, P<0.05,  
Figure 1G). After correlation analysis, the results showed 

that blue module was strong correlation with the module-
related genes (R=0.92, Figure 1H, P<0.05).

DEGs identification

Next, we used the “edgeR” package to screen out the 
DEGs in both TCGA and the GSE60502 dataset. In 
TCGA database, the volcano plot showed that 773 DEGs 
were obtained by applying a False Discovery Rate (FDR) 
value <0.05 and |logFC| >1 (Figure 2A), including 79 up-
regulated genes and 694 down-regulated genes. In the 
GSE60502 dataset, 1,052 DEGs were screened of which 485 
were up-regulated and 567 were down-regulated (Figure 2B). 
After compared analysis between brown and blue modules 
with the DEGs, we obtained 27 overlap genes (Figure 2C).

GO and KEGG analysis

We performed GO and KEGG analyses to investigate the 
potential function of the 27 shared genes (Figure 3A,3B).  
In biological process (BP), these shared genes were 
significantly enriched in mitotic nuclear division. As 
for cellular component (CC), chromosomal region was 
mainly enriched. Regarding molecular function (MF), 
tubulin binding was mainly enriched. Besides, the top 
three enriched KEGG pathways were “cell cycle”, “oocyte 
meiosis”, and the “p53 signaling pathway” (Figure 3B). The 
GO and KEGG results showed that these shared genes may 
affect the progression of HCC by regulating the cancer cell 
proliferation, 

Since most of the mainly enriched GO and KEGG terms 
were involved in cell proliferation, we assumed that the 27 
shared genes affected the progression of HCC by regulating 
the biological behavior of cancer cells.

Hub genes identification

String analysis was performed to identify the hub genes 
related to HCC progression (Figure 4A). According to 
the MCC algorithm, the top 10 candidate hub genes were 
MYC, MCM3, CDC20, CCNB1, BIRC5, UBE2C, TOP2A, 
RRM2, TK1, and PTTG1. Subsequently, Kaplan-Meier 
(KM) curves were drawn to analysis the correlation between 
vital genes and overall survival (OS) in HCC. Based on the 
KM curves, BIRC5, CDC20, and UBE2C showed a strong 
correlation with OS (Figure 4B-4D). Therefore, BIRC5, 
CDC20, and UBE2C were screened out as hub genes for 
further analysis.

http://bioconductor.org/
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Figure 1 WCGNA and identification of gene modules. (A) Scale independence in TCGA database when β was set at 3; (B) gene 
dendrograms and module colors; (C) Correlation analysis between ME and gene modules; (D) Scatter diagrams between gene significance 
vs. module membership; (E) scale independence in GSE60502 dataset when β was set at 13; (F) gene dendrograms and module colors in 
GSE60502 dataset; (G) Correlation analysis between ME and gene modules in the GSE60502 dataset; (H) a scatter plot of gene significance 
vs. module membership in the GSE60502 dataset. WCGNA, Weighted Gene Co-expression Network Analysis; TCGA, The Cancer 
Genome Atlas; ME, module eigengenes.
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Figure 2 Differentially expressed genes analyses. (A) The differentially expressed genes of HCC patients’ in TCGA database; (B) The 
differentially expressed genes of HCC patients’ in the GSE60502 dataset; (C) Venn diagram showing the 27 shared genes of TCGA database 
and the GSE60502 dataset. DEGs, differentially-expressed genes; TCGA_diff, DEGs in TCGA database; TCGA_brown, brown module 
in TCGA database; GEO_diff, DEGs in GSE60502 dataset; GEO_blue, blue module in GSE60502 dataset. DEGs, differentially-expressed 
genes; HCC, hepatocellular carcinoma; TCGA, The Cancer Genome Atlas.
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Prognostic value analysis of hub genes

Next, we analyzed the relationship between the expression 
of these hub genes and clinical features (age, stage, TNM 
categories) to explore their prognostic value, and the three 
hub genes showed similar results. As shown in Figure 5, the 
expression level of these three hub genes in patients younger 
than 65 years was higher than that in patients older than  
65 years. Also, compared to stage I, the expression level of 
hub genes was significantly increased in stages II and III. As 
for T category, compared to T1, patients exhibited a higher 
expression level of hub genes in T2, T3, and T4. Taken 
together, the expression of hub genes was decreasingly 
associated with age, while increasingly associated with the 
HCC stages and T category.

Discussion

In this study, we detected 12 co-expressed gene modules 
in TCGA database and 10 co-expressed gene modules 
in the GSE60502 dataset, among which brown and blue 
modules were most strongly associated with HCC, and the 
Venn diagram results showed that there were 27 shared 
genes. Furthermore, in biological process (BP), theses 
shared genes were significantly enriched in mitotic nuclear 
division, chromosomal region, and tubulin binding. KEGG 
analysis revealed that the 27 shared genes were significantly 
enriched in the cell cycle, oocyte meiosis, and the p53 
signaling pathway. 

Several previous studies have confirmed that these 
enriched GO and KEGG terms play critical roles in 
the progression of HCC (6,7). Obviously, abnormality 
during mitotic nuclear division is a crucial reason for the 
predisposition and progression of cancers such as HCC. It 
has been shown that mitotic errors in HCC progression will 
lead to Chk2 activation, which causes lagging chromosome/
Deoxyribonucleic acid (DNA) damage (8). The genetic 
polymorphism site located in specific chromosomal 
regions, such as chromosome 6p21.3 and 6p21.33, is closely 
correlated to the susceptibility of HCC (9,10). 

Microtubules, composed of tubulin, are widely prevalent 
in dividing cells, and have significant regulatory effects 
on mitosis, cytoskeletal shape, cell motility, intracellular 
protein, and organelle transport (11). Tubulin binding 
agent has been reported as a novel drug, which can inhibit 
mitosis, cell growth, migration, and vascularization (12,13). 
P53 is a famous tumor suppressor gene, which plays 
crucial roles in the cell cycle, apoptosis, and maintenance 
of genomic stability. P53 mutations have been observed in 
HCC pathogenesis (14,15). MDM2 negatively regulates 
p53 activity by inducing p53 protein degradation. Thus, the 
mechanism of steady state maintenance of the MDM2-p53 
axis is an important factor in the initiation and progression 
of HCC (16,17).

Based on PPI network analysis and the MCC algorithm, 
we screened out 10 potential candidate hub genes. 
Subsequently, three hub genes (BIRC5, CDC20 and 
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Figure 3 Gene function enrichment analysis of the 27 shared genes. (A) GO analysis; (B) Bubble diagram of the KEGG pathway enrichment 
analysis. BP, biological process; CC, cellular component; MF, molecular function; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of 
Genes and Genomes.
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UBE2) were identified according to the KM curves, which 
were strongly correlated to the OS of HCC patients. 
Furthermore, the expression level of these hub genes 
was elevated in patients younger than 65 years than that 
in patients over the age of 65 years. However, the hub 
genes showed a positive correlation with the stages and T 
category of HCC. As for N and M categories, there was no 
significant correlation with the hub genes.

BIRC5, also known as Survivin, it lies at crossroads of a 
series of tumors cell signaling networks, particularly some 
upstream cellular signaling molecules regulate surviving 
and its functions, the survivin has been reported to affect 
the proliferation and division of tumor cells by regulating 
apoptosis during the progression of several cancers (18,19). 
It has been demonstrated that co-suppression of OCT4 and 

BIRC5 can efficiently inhibit the proliferative activity of 
cancer cells by inducing apoptosis and cell cycle arrest (19). 
Xu et al. revealed that highly-expressed BIRC5 is strongly 
correlated with a poor prognosis in HCC (20). Treatment 
targeting BIRC5 has been recognized as a potential therapy 
for HCC.

CDC20 (cell division cycle 20), a cell-cycle checkpoint 
control factor was first discovered by Lee Hartwell 40 years  
ago. It has been revealed that APC can be activated by 
the substrate-recruiting module CDC20, and the CDC20 
can promote cancer progression as a carcinogen, the 
overexpression of CDC20 is correlated with the poor 
prognosis of several cancers (21-23). Compared with 
adjacent non-cancerous specimens, the expression of 
CDC20 in HCC specimens is increased (24). Consistent 

Figure 4 Identification of hub genes. (A) PPI network analysis (left). Top 10 candidate hub genes based on the MCC algorithm (right); 
(B) overall survival analysis associated with BIRC5 expression. P<0.001; (C) overall survival analysis associated with CDC20 expression. 
P<0.001; (D) overall survival analysis associated with UBE2C expression. P<0.001. PPI, protein-protein interaction; MCC, Maximal 
Clique Centrality.
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with our findings, Li et al. found that CDC20 is also 
positively correlated with TNM stages in HCC (25). De-
activation of CDC20 may be effective in the treatment of 
HCC, and further researches should pay more attention to 
CDC20 inhibitors.

UBE2C is one of the genes which used in molecular 
classification in many types of tumors, the expression level 
of UBE2C (Ubiquitin-conjugating enzyme E2C) is related 
to many types of solid tumors; however, UBE2C is nearly 

undetectable in normal tissues (26,27). Overexpression of 
UBE2C is associated with enhanced proliferation, migration, 
and invasion (28,29). Xiong et al. has demonstrated that 
UBE2C knockdown can attenuate the proliferation and 
invasion of HCC cells (30). A growing body of evidence 
has revealed that UBE2C can be identified as a potential 
candidate biomarker to predict the prognosis of HCC. 

Taken together, combining the results of previous studies 
with our findings, we detected three hub genes (BIRC5, 

Figure 5 Analysis of the prognostic value of hub genes. (A-C) BIRC5 expression correlated to (A) age, (B) stages, and (C) T category of 
HCC patients; (D-F) CDC20 expression correlated to (D) age, (E) stages, and (F) T category of HCC patients; (G-I) UBE2C expression 
correlated to (G) age, (H) stages, and (I) T category of HCC patients. HCC, hepatocellular carcinoma.
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CDC20, and UBE2C), which were strongly correlated with 
the progression and prognosis of HCC, and targeting these 
hub genes may provide new therapeutics for HCC.
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