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Abstract: The cell division cycle-associated (CDCA) protein family plays an essential role in tumor progression by cell 
division. However, the function of each CDCA family member in hepatocellular carcinoma (HCC) is not well known. 
This study is to find the roles of CDCAs in the prognosis of HCC patients by using ONCOMINE, UALCAN, Human Pro-
tein Atlas, Kaplan-Meier Plotter, and cBioPortal databases. Overexpression of CDCA mRNA and protein were found 
to be significantly associated with individual cancer stages and tumor grades in HCC patients. Higher mRNA expres-
sions of 6 CDCA family members were found to be significantly associated with shorter overall survival (OS) in HCC 
patients. Multivariate analysis showed that overexpressions of CDCA mRNA were independent prognostic factors for 
shorter OS in HCC patients. Moreover, a high mutation rate of CDCAs (27%) was also detected in HCC patients, and 
genetic alteration in CDCAs was associated with shorter overall survival (OS) and disease-free survival (DFS) in HCC 
patients. Finally, a functional analysis showed that CDCAs were mainly enriched in the cell cycle (hsa04110) and 
oocyte meiosis. Overall, these results indicated that CDCA2/3/4/5/8 could be prognostic biomarkers of survival in 
HCC patients.
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Introduction

Hepatocellular carcinoma (HCC) is a very com-
mon primary malignant liver neoplasm [1]. It is 
estimated to be the fourth commonest cause 
of cancer-related death worldwide [2]. Also, in 
China, it is the fourth commonest type of can-
cer and the second commonest cause of can-
cer-related death [3, 4]. The HCC long-term sur-
vival rate is still low, although we have obtain- 
ed improvements in the HCC treatment as liver 
transplantation, interventional therapy, and ra- 
dical surgical resection [5]. The overall 5-year 
survival rate of HCC is below 20% in the USA 
[6]. A major reason is that most patients are 
diagnosed at advanced stages. Thus, it is ur- 
gent to explore HCC’s molecular mechanisms 
of the development, progression, invasion, and 
metastasis. It is crucial to find out new biomar- 
kers for HCC’s early diagnosis and treatment.

Cell division has an indispensable role in the 
course of life. Many studies have confirmed 

that any abnormality in the process of cell divi-
sion can result in cancer [7-9]. The Cell Division 
Cycle Associated (CDCA) protein family has 
eight members (CDCA1-8). Six CDCA family 
members are detected in the mammalian cells 
(CDCA2, 3, 4, 5, 7 and 8). Knockdown of CDCA2 
may cause cell cycle arrest and restraint of cell 
apoptosis and proliferation [10, 11]. CDCA3 
may regulate the cell cycle progression. During 
the G1 checkpoint of the cell cycle, the expres-
sion level is controlled by protein degradation 
and transcription [12]. CDCA4 can regulate the 
G1/S transition [13]. CDCA5 can regulate sister 
chromatid cohesion and separation which is 
involved in cell division [14]. CDCA7 has em- 
erged as a vital transcription factor under mod-
ulation of c-Myc [15]. CDCA8 is an important 
regulator of mitosis [16].

In recent years, many studies have reported 
that CDCAs may be prognostic factors in sever-
al cancers [17, 18]. Separately, CDCA3/4/5/8 
genes have been confirmed to be associated 
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with the prognosis of liver cancer through bioin-
formatics and clinical trials [37, 40, 42, 51]. 
However, the systematic analysis of the CDCA 
gene family role in HCC patients is little. This 
study aims to systematically analyze the corre-
lation of CDCA genes’ mRNA expression with 
HCC patients’ survival. The mRNA expressions 
of CDCAs were detected in normal and HCC tis-
sues. Then, the significance of CDCA genes’ 
prognostic value for HCC was analyzed. Later, 
the gene-gene interaction network was built to 
detect the underlying mechanisms and func-
tion of CDCAs. This study is to discover the clini-
cal value of CDCA genes, in order to offer a cer-
tain theoretical basis for allowing early diagno-
sis, prognosis evaluation, and treatment spe-
cific to hepatocellular carcinoma. 

Materials and methods 

Oncomine database 

ONCOMINE database (www.oncomine.org) is 
an online cancer array database for RNA or 
DNA analysis which can be used to promote 
catching the gene-wide expression analyses 
[19]. In this study, the transcription expres- 
sions of CDCA genes in various cancer types 
were examined on the basis of the ONCOMINE 
dataset. A comparison of CDCAs’ mRNA ex- 
pression was made between the clinical tumor 
tissues and adjacent normal specimens. The 
comparison between different transcriptional 
expressions was made with Student’s t-test. 
The threshold of fold-change and P value were 
respectively set at 1.5 and 0.01; data type was 
set as mRNA. 

UALCAN 

UALCAN (http://ualcan.path.uab.edu) is an 
open-access web platform on the basis of  
level 3 RNA-seq and 31 cancer types clinical 
data from the TCGA database. It is used to  
compare the genes transcriptional expressions 
in tumor and normal tissues, and the associa-
tion between the gene mRNA expression and 
pathologic features [20]. In our study, UALCAN 
was used to analyze the mRNA expressions of 
CDCAs in HCC tissues and the correlation with 
pathologic findings. The comparison of differ-
ent transcriptional expressions was made by 
Student’s t test and P<0.05 was considered as 
a significant difference. 

Human protein atlas 

The Human Protein Atlas (https://www.protein-
atlas.org) is an online dataset which contains 
protein expression data by immunohistochem-
istry for nearly 20 kinds of cancer tissues and 
48 normal tissues [21]. Users can obtain pro-
tein expression images that are differentially 
expressed in a given tumor. In this study, pro-
tein expressions of CDCAs family members in 
normal and HCC tissues were compared by 
immunohistochemical image.

Kaplan-Meier plots 

Kaplan-Meier plotter (http://kmplot.com/) is  
an online tool which is capable to assess the 
effect of any gene or gene combination on sur-
vival in many cancers [22]. To analyze the can-
cer patients’ overall survival (OS), PFS, and the 
post-progression survival (PPS), all patients 
were divided into groups of high and low ex- 
pression in accordance with the 50% median 
expression level. The K-M plotter webpage con-
tains the survival curves, the number-at-risk 
cases, median values of mRNA expression, 
HRs, 95% CIs and P value. P value <0.05 was 
considered a significant difference. It was used 
to evaluate the prognostic value of CDCA genes.

Cancer Genome Atlas (TCGA) database 

TCGA is a project designed to help researchers 
to find new roads for cancer prevention and 
treatment. The database contains sequencing 
and pathologic data of over 30 kinds of hu- 
man tumors [23]. The clinicopathologic data 
and CDCAs mRNA expression data of 377 HCC 
patients were acquired from the GDC data por-
tal (https://gdc.cancer.gov/access-data/gdc-
data-portal/). 34 of 377 HCC patients were ex- 
cluded because of the absence of part of the 
clinical data. The basic clinical data, including 
gender, race, age, pathologic stage, treatment 
type, and prior malignancy, are summarized in 
Table 2. 

Statistical methods

Cox regression analysis was used to assess the 
correlation between CDCA mRNA expression 
and the patients’ survival data by SPSS soft-
ware version 21.0. Above all, effect of clinical 
data and mRNA expression on survival was 
evaluated by univariate Cox regression. Then, 
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the independent prognostic value of each gene 
and clinicopathologic features that affect the 
OS was assessed by multivariate Cox regres-
sion. P<0.05 was considered a significant dif- 
ference.

cBioPortal 

The cBioPortal is an open access resource 
(http://www.cbioportal.org/) that can analyze 
genomics data for thousands of samples in  
the TCGA database [24]. We made an analy- 
sis on the genomic profiles of 6 CDCA family 
members in PanCancer Atlas of TCGA. It cov-
ered mutations, putative copy-number altera-
tions from GISTIC, and mRNA Expression 
z-Scores (RNASeq V2 RSEM) with a z-score 
threshold= ±1.8. Genetic mutations in CDCAs 
and their association with OS and DFS of HCC 
patients were shown as Kaplan-Meier plots. By 
Log-rank test, the difference between the sur-
vival curves was identified and P<0.05 was 
considered to have a statistical difference. 

GSEA

GSEA is a software that can be used to con- 
firm whether genes are involved in one sig- 
naling pathway or phenotype (http://software.
broadinstitute.org/gsea/index.jsp) [25]. We 
conducted GSEA to examine the underlying 
mechanisms by using RNA-seq data of HCC 
patients from TCGA-LIHC (total 20530 fea-
tures). The Kyoto Encyclopedia of Genesand 
Genomes (KEGG) gene set “c2.cp.kegg.

Table 1. Significant changes in CDCAs’ mRNA expression between HCC and normal liver tissues (ON-
COMINE)
Types of HCC vs. Liver Fold Change P value t-test Ref
CDCA2
    Hepatocellular Carcinoma 1.813 1.94E-04 3.877 Wurmbach Liver [28]
CDCA3
    Hepatocellular Carcinoma 3.241 3.39E-08 6.686 Wurmbach Liver [28]
    Hepatocellular Carcinoma 1.633 6.04E-42 16.083 Roessler Liver2 [29]
CDCA4
    Hepatocellular Carcinoma 1.832 1.55E-05 4.765 Wurmbach Liver [28]
    Hepatocellular Carcinoma 1.545 8.68E-38 14.390 Roessler Liver2 [29]
CDCA5
    Hepatocellular Carcinoma 4.400 4.55E-24 11.810 Chen Liver [30]
    Hepatocellular Carcinoma 2.422 4.84E-06 5.128 Wurmbach Liver [28]
CDCA7
    Hepatocellular Carcinoma 1.955 7.28E-08 5.512 Chen Liver [30]
CDCA8
    Hepatocellular Carcinoma 2.194 3.98E-10 7.291 Chen Liver [30]
    Hepatocellular Carcinoma 5.159 3.98E-24 12.080 Chen Liver [30]
    Hepatocellular Carcinoma 1.760 1.66E-06 6.008 Roessler Liver [28]
    Hepatocellular Carcinoma 1.693 2.19E-05 4.676 Wurmbach Liver [28] 
    Hepatocellular Carcinoma 1.583 1.99E-37 14.357 Roessler Liver2 [29]
HCC: hepatocellular carcinoma; CDCA: cell division cycle-associated.

Table 2. Univariate analysis of overall survival in 
343 HCC patients

Univariate analysis
P 

value
Hazard 

ratio 95% CI

Gender 0.134 1.334 0.915-1.944 
Race 0.810 0.962 0.702-1.318 
Age at Diagnosis 0.290 0.818 0.563-1.187 
AJCC Pathologic T 0.000 1.699 1.399-2.062 
AJCC Pathologic N 0.295 1.120 0.906-1.384 
AJCC Pathologic M 0.120 1.182 0.957-1.459 
AJCC Pathologic stage 0.000 1.710 1.396-2.095 
Prior malignancy 0.802 0.920 0.480-1.763 
Treatment type 0.413 0.857 0.593-1.239 
CDCA2 0.007 0.598 0.412-0.867 
CDCA3 0.002 0.549 0.376-0.803 
CDCA4 0.003 0.568 0.392-0.824 
CDCA5 0.000 0.484 0.330-0.711 
CDCA7 0.347 0.838 0.580-1.211 
CDCA8 0.000 0.454 0.308-0.668 
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v7.1.symbols.gmt” was used for further analy-
sis. The metric for ranking genes was Pearson. 
The random sample permutation number was 
set as 1,000. P<0.01 and FDR (false discovery 
rate) q value <0.25 were considered to have 
statistical significance.

String

The Search Tool for Retrieval of Interacting 
Genes database (STRINGdb: https://string-db.
org/) was used to acquire co-expression neigh-
bor genes and the Protein-Protein Interaction 
(PPI) Networks information [26]. We utilized the 
multiple protein to input data and selected 
Homo sapiens as the data source. Combined 
score > 0.4 was considered to have statistical 
significance. Then the functional protein asso-
ciation network was established, and the 56 
nodes were selected for further analysis. Cy- 
toscape software 3.6.0 (http://www.cytoscape.

To explore the therapeutic and prognostic  
value of different CDCA members in HCC 
patients, an analysis of mRNA expression lev-
els and protein expression levels was made by 
using ONCOMINE database (www.oncomine. 
org), UALCAN (http://ualcan.path.uab.edu), and 
Human Protein Atlas (https://www.proteina- 
tlas.org). 

Six CDCA factors are recognized in mammalian 
cells. As Figure 1 and Table 1 show, a measure-
ment and comparison of mRNA expression of 6 
CDCA family members in 20 cancer types was 
made to normal tissues by using the ONCOM- 
INE database. Higher mRNA expressions of 
CDCA2/3/4/5/7/8 were detected in HCC tis-
sues in multiple datasets. Wurmbach observed 
a 1.813-fold increase in CDCA2 mRNA expres-
sion in HCC samples (P=1.94E-4) [28]. CDCA3 
overexpression was found in HCC tissues, and 
the fold change was 3.241 by the Wurmbach 
Liver dataset (P=3.39E-8), and 1.633 by the 

Figure 1. Transcriptional expression of six CDCA family members in differ-
ent cancers (ONCOMINE database). mRNA expression of CDCAs in different 
types of cancers compared with normal tissues (red, overexpression; blue, 
downregulation). Difference of transcriptional expression was compared by 
Student’s t-test. Cut-off of p value and fold change were as follows: p value: 
0.01, fold change: 1.5, gene rank: 10%, data type: mRNA.  

org) was used to visualize and 
analyze the results of the 
STRING database. Then, the 
PPI was established and the 
node degree was analyzed.

Metascape

Metascape is an analysis data-
base of gene annotation that 
has rapid data updating and 
extensive coverage. It can be 
used to perform GO enrich-
ment analysis of the biological 
process (BP), the cellular com-
ponent (CC), and the molecular 
function (MF), and pathway 
enrichment analysis [27]. An 
analysis of CDCAs and the 
neighbor genes was made by 
using KEGG and GO approach-
es in Metascape. Finally, we 
got the Gene Ontology (GO) 
and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) 
enriched terms heatmap, as 
well as their network.

Results

Overexpression of different 
CDCA family members in HCC 
patients
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Roessler Liver2 dataset (P=6.04E-42) [28,  
29]. In the Wurmbach Liver dataset and 
Roessler Liver2 dataset, 1.832-fold (1.55E-5) 
and 1.545-fold (8.68E-38) increases in CDCA4 
mRNA expression were detected in HCC tis-
sues compared to normal tissues [28, 29]. 
CDCA5 overexpression was also detected in 
HCC tissues, and the fold change was 4.400  
by Chen Liver dataset (P=4.55E-24) [30], and 
2.422 by Wurmbach Liver dataset (4.84E-6) 
[28]. In Chen Liver dataset, a 1.955-fold in- 
crease in CDCA7 mRNA expression was found 
in HCC tissues compared to normal tissues 
(P=7.28E-8) [30]. Significant up-regulation of 
CDCA8 was detected in HCC tissues com- 
pared to normal tissues. The result from the 
Chen Liver dataset indicated that there were 
2.194-fold (P=3.98E-10) and 5.159-fold (P= 
3.98E-24) increases in CDCA8 mRNA expres-
sion in HCC tissues [30]. Meanwhile, in the 
Roessler Liver dataset and Roessler Liver2 
dataset, 1.76-fold (P=1.66E-6) and 1.583-fold 
(P=1.99E-37) increases in CDCA8 mRNA ex- 
pression respectively, were found in HCC tis-
sues compared to normal tissues [29]. CDCA8 
overexpression was also found in the Wurm- 
bach Liver dataset, and the fold change in HCC 
was 1.693 (P=2.19E-5) [28].

Next, the mRNA expressions of 6 CDCA fami- 
ly members were measured using UALCAN 
(http://ualcan.path.uab.edu). UALCAN resourc-
es were on the basis of level 3 RNA-seq and 
clinical data from the TCGA database, which  
is different from the ONCOMINE database. As 
Figure 2 shows, mRNA expressions of all 6 
CDCA members were found to have significant 
up-regulation in HCC tissues compared to nor-
mal tissues (P<0.05). 

Lastly, we tried to detect the protein expres- 
sion levels of 6 CDCA family members in HCC  
by the Human Protein Atlas (https://www.pro-
teinatlas.org). As Figure 3 shows, CDCA5/8  
proteins were not expressed or lowly detected 
in normal liver tissues, whereas they had mod-
erate-high expressions in HCC tissues (Figure 
3C, 3D). CDCA2 protein was not expressed in 
normal liver tissues, while moderate expres-
sion was detected in HCC tissues (Figure 3A). 
However, protein expression of CDCA4 was 
detected neither in normal liver tissues nor 
HCC tissues (Figure 3B). No protein expression 
of CDCA3/7 was found in the Human Protein 
Atlas dataset.

As a whole, our study showed that CDCA family 
members were overexpressed in HCC patients 
at the transcriptional and protein levels.

Correlation of mRNA expression of different 
CDCA family members with clinical character-
istics of HCC patients

Since the overexpression of CDCA family mem-
bers was proven in HCC, we speculated that 
overexpression of the CDCAs may be correla- 
ted with advanced clinical characteristics in 
HCC patients. We made an analysis on the cor-
relation of the mRNA expression of 6 CDCA 
family members with the clinical characteris-
tics of HCC patients by using UALCAN (http://
ualcan.path.uab.edu), involving clinical stages 
and tumor grades of the patients. As Figure 4 
shows, the CDCAs mRNA expression levels 
were associated with the patients’ individual 
cancer stages. Patients in advanced clinical 
stages were inclined to have higher CDCA 
mRNA expression (Figure 4). Stage 3 had the 
highest mRNA expression level. The CDCAs 
mRNA expression levels in Stage 3 were higher 
than those in Stage 4 due to the number of 
Stage 4 patients being limited (only 6 patients 
in Stage 4).

Similarly, as Figure 5 shows, the mRNA expres-
sion levels of 6 CDCA family members were 
positively associated with tumor grade. As the 
tumor grade increased, the CDCAs mRNA ex- 
pression tended to be higher. The mRNA ex- 
pressions of CDCA3/5/7 were found highest  
in tumor grade 4 (Figure 5B, 5D, 5E), whereas 
the mRNA expression of CDCA2/4/8 were 
found highest in grade 3 (Figure 5A, 5C, 5F). 

Generally, the aforesaid findings suggested 
that the CDCAs mRNA levels are significantly 
related to clinical characteristics of HCC pati- 
ents and can be a biomarker for HCC advan- 
ced stage.

Prognostic value of CDCA mRNA expression in 
HCC patients

Further, we analyzed the prognostic values of 
the CDCAs in HCC patients by Kaplan-Meier 
plotter (http://kmplot.com/analysis/). As Fig- 
ure 6 shows, the mRNA expressions of all 6 
CDCA family members were significantly corre-
lated with the prognosis of HCC patients. High- 



Significance of cell cycle-associated genes in hepatocellular carcinoma

156 Int J Clin Exp Pathol 2021;14(2):151-169

er mRNA expression of CDCA2 (HR=1.94, 95% 
CI: 1.36-2.76, and P=0.00017), CDCA3 (HR= 
2.21, 95% CI: 1.47-3.34, and P=9.8e-05), 
CDCA4 (HR=2.07, 95% CI: 1.31-3.28, and 
P=0.0016), CDCA5 (HR=2.32, 95% CI: 1.62-
3.32, and P=2.3e-06), CDCA7 (HR=1.73, 95% 
CI: 1.2-2.49, and P=0.0029), and CDCA8 (HR= 
2.69, 95% CI: 1.89-3.83, and P=1.2e-08) were 

significantly correlated to HCC patients’ shorter 
OS. 

Those results showed that mRNA expressions 
of six CDCA family members were significantly 
correlated to the HCC patients’ prognosis and 
may be biomarkers for estimating the survival 
in HCC patients. 

Figure 2. The mRNA expression of 6 CDCA family members in HCC tissues and adjacent normal liver tissues (UAL-
CAN). The mRNA expressions of six CDCA family members were overexpressed in primary HCC tissues compared to 
normal tissues (A-F). ***P<0.001.
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Independent prognostic value of CDCA mRNA 
expression in HCC patients 

After CDCAs’ mRNA expressions were found to 
have significant association with the HCC prog-
nosis, then we tried to assess the independent 
prognostic value of CDCA mRNA expression in 
terms of OS. We downloaded integrated clini- 
cal data (Table S1) and mRNA expression of 
CDCAs in 343 HCC patients from the GDC data 
portal in order to do a Cox survival regression 
analysis. Univariate analysis showed that high-
er pathologic stage (HR=1.710, 95% CI: 1.396-
2.095, and P<0.001), Pathologic T (HR=1.699, 
95% CI: 1.399-2.062, and P<0.001), and high-
er mRNA expressions of CDCA2 (HR=0.598, 
95% CI: 0.412-0.867, and p=0.007), CDCA3 
(HR=0.549, 95% CI: 0.376-0.803, and p= 
0.002), CDCA4 (HR=0.568, 95% CI: 0.392-
0.824, and p=0.003), CDCA5 (HR=0.484, 95% 
CI: 0.330-0.711, and P<0.001), and CDCA8 
(HR=0.454, 95% CI: 0.308-0.668, and P< 
0.001) were corelated to shorter OS in HCC 
patients (Table 2). Multivariate analysis show- 
ed that higher mRNA expressions of CDCA2 
(HR=0.631, 95% CI: 0.428-0.928, and P= 

0.019), CDCA3 (HR=0.565, 95% CI: 0.381-
0.839, and P=0.005), CDCA4 (HR=0.568,  
95% CI: 0.386-0.835, and P=0.004), CDCA5 
(HR=0.517, 95% CI: 0.348-0.769, and P= 
0.001), CDCA8 (HR=0.492, 95% CI: 0.332-
0.728, and P<0.001) were independently cor-
related to shorter OS in HCC patients (Tables 
S2, S3, S4, S5, S6 and S7). 

These results indicated that mRNA expressions 
of CDCA2/3/4/5/8 were independent prognos-
tic factors for HCC patients’ OS.

Gene mutations in CDCAs and their correla-
tions to HCC patients’ overall survival (OS) and 
disease-free survival (DFS)

We made an analysis on the gene mutations in 
CDCAs and their correlation to HCC patients’ 
OS and DFS. The cBioPortal (https://www.cbio-
portal.org/) platform provided data on the  
gene mutations of CDCA members. As Figure 
7A shows, a high CDCAs mutation rate was 
found in HCC patients. Approximately 27% of  
all CDCAs were altered among the TCGA-LIHC 
patients. CDCA2 and CDCA5 were the highest 

Figure 3. Immunohistochemical images of six CDCA family members in HCC tissues and normal liver tissues (Hu-
man Protein Atlas). CDCA5/8 proteins were not detected or lowly detected in normal liver tissues, but had high and 
moderate expressions in HCC tissues (C, D). CDCA2 protein was not detected in normal liver tissues, but had moder-
ate expression in HCC tissues (A). CDCA4 was detected neither in normal liver tissues nor HCC tissues (B).



Significance of cell cycle-associated genes in hepatocellular carcinoma

158 Int J Clin Exp Pathol 2021;14(2):151-169

two genes with gene mutations, and their mu- 
tation rates were 12%, and 10% (Figure 7A). 

Moreover, results from Kaplan-Meier plot and 
log-rank test indicated that gene mutations in 

Figure 4. Relationship between mRNA expressions of 6 CDCA family members and individual cancer stages of HCC 
patients (UALCAN). The mRNA expressions of CDCAs were remarkably correlated with patients’ individual cancer 
stages. Patients with advanced clinical stages tended to have higher CDCA mRNA expression. Stage 3 had the high-
est mRNA expression level (A-F). *P<0.05, **P<0.01, ***P<0.001.
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Figure 5. Association of mRNA expression of 6 CDCA family members with tumor grades of HCC patients tumor 
grades (UALCAN). As tumor grade increased, the mRNA expression of CDCAs tended to be higher. The highest 
mRNA expressions of CDCA3/5/7 were found in tumor grade 4 (B, D, E), while the highest mRNA expressions of 
CDCA2/4/8 were found in grade 3 (A, C, F). *P<0.05, **P<0.01, ***P<0.001.
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CDCAs were correlated to shorter OS (Figure 
7B, P=3.139e-4) and DFS (Figure 7C, P= 
1.662e-4). These results showed that gene 
mutations of CDCAs may affect HCC patients’ 
prognosis.

Signaling pathway enrichment analysis of 
CDCA family members in HCC patients

Gene set enrichment analysis (GSEA) was 
made to identify differentially enriched biolo- 
gic pathways of CDCAs in TCGA cohorts. GSEA 
results of the CDCA family members are sh- 
own in Figure 8A-F and Table S8, and suggest-
ed that the high expressions of CDCAs were  
significantly correlated with both cell cycle pro-
cess and progesterone-mediated oocyte ma- 
turation. The low expressions of CDCAs were 
significantly correlated with metabolism path- 
ways.

PPI network construction

We examined 50 neighbor genes that were co-
expressed with CDCA genes by String (https://

string-db.org/). Then, the functional protein 
association network was established (Figure 
9A). We used Cytoscape to visualize and ana-
lyze the results of the STRING database. Then, 
a PPI network was established. The 56 genes 
were evaluated by degree in the PPI network. 
As shown in Figure 9B, CDC20, CDK1, BUB1, 
KIF2C, CCNB2, CCNB1, PLK1, NDC80, AURKB, 
and NUF2 were the top ten with highest degree 
discovered in our results.

Predicted functions and pathways of CDCA 
genes and 50 CDCA-related genes in HCC pa-
tients

We performed functional and pathway enrich-
ment analyses of CDCAs and their 50 fre- 
quently co-expressed neighbor genes using 
Metascape (http://metascape.org/). As shown 
in Figure 10A-C, the GO terms showed that  
the CDCAs were mostly associated with the 
processes below: cell division, chromosome, 
centromeric region, chromosome segregation, 
spindle and microtubule cytoskeleton organi- 

Figure 6. Prognostic value of mRNA expression of 6 CDCA family members in HCC patients (Kaplan-Meier Plotter). 
Higher mRNA expressions of CDCA2/3/4/5/7/8 were both significantly associated with shorter OS in HCC patients 
(A-F).

Figure 7. Genetic mutations in 6 CDCA family members and their association with OS and DFS of HCC patients (cBio-
Portal). High mutation rate (27%) of CDCAs was noted in HCC patients. CDCA2 and CDCA5 ranked as the two highest 
genes with mutations, and their mutation rates were 12%, 10% (A). Genetic alterations in CDCAs were associated 
with shorter OS (B) and DFS (C) of HCC patients.
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zation related to mitosis. The KEGG pathway 
analysis showed that the CDCA family mem-
bers were primarily concentrated in the cell 
cycle (hsa04110) and oocyte meiosis. 

Discussion

Hepatocellular carcinoma has been found to  
be associated with mutations and/or the over-
expression of oncogenic genes. It is important 
to find new targets for the prognosis and treat-
ment of HCC. Although some members of the 
CDCA family have been proven to have crucial 
roles in HCC, the specific roles of CDCA family 
members in HCC were still to be illuminated. In 
our study, the expression, prognostic values, 
and mutations of different CDCA members in 
HCC were analyzed. 

Unregulated cell cycle-mediated cell transfor-
mation and uncontrolled cell growth are the 
basic biologic characteristics of malignant tu- 
mors. Cell division plays an irreplaceable role  
in tumor progression. Studies have demon-
strated that CDCA family member genes are 
involved in tumor cell proliferation, apoptosis, 
invasion activity, and even drug resistance. 
Some results also showed that CDCAs could 
function in different pathways.

CDCA2 may regulate the H3 (the primary mitot-
ic histone) phosphorylation by PP1 (protein 
phosphatase 1) [31]. The chromatin organiza-
tion is crucial in post-mitotic nuclei. Several 
studies suggested that CDCA2 represented a 
very strong prognostic marker for poor patient 
survival [32]. Previously, CDCA2 was proven to 
be involved in some cancer types such, as  
prostate cancer, colorectal cancer, and lung 
adenocarcinoma [33-35]. In a recent study, 
CDCA2 could act as an oncogene and is regu-
lated by hypoxia and the HIF-1α pathway in 
prostate cancer [33]. In another study, CDCA2 
overexpression may target CCND1 to acceler-
ate colorectal cancer cell proliferation by the 
PI3K/AKT pathway [34]. In our study, higher 
CDCA2 mRNA and protein expressions were 
found in HCC tissues compared to normal tis-
sues. The CDCA2 mRNA expression was corre-
lated to patients’ individual cancer stages and 
tumor grades, as noted by previous studies. 
Additionally, higher CDCA2 mRNA expression 

was correlated with shorter OS of HCC pati- 
ents, being an independent prognostic factor 
for shorter OS in HCC patients.

Overexpression of CDCA3 may be associated 
with tG1 arrest in the cell cycle. A current study 
shows that CDCA3 acts as an oncogene, and 
may be a prognostic predictor and a therapeu-
tic target for patients with gastric cancer [36]. 
In another bioinformatic study, CDCA3 mRNA 
expression level was higher than in the control 
sample. The highly expressed gene in the 
tumors of patients with breast cancer sharply 
decreased patient survival [18]. Guan’s bioin-
formatic analysis suggested that CDC20, 
CDCA3, cyclin (CCN) E1, and chromatin licens-
ing and DNA replication factor 1 have a signifi-
cant association with cell division, mitotic cell 
cycle, and positive regulation of cell prolifera-
tion in HCC [37]. CDCA3 can initiate several 
types of cancer. Similarly, our results indicated 
that CDCA3 mRNA expression level was higher 
in HCC patients. CDCA3 was an independent 
prognostic factor in HCC patients.

CDCA4 can regulate the G1/S transition. It was 
proven to have a key role in adjusting the tran-
scription factor (TF) activities [38]. Xu’s study 
suggested that CDCA4 promoted proliferation 
and decreased apoptosis in MCF-7/ADM hu- 
man breast cancer cells [39]. In another bio- 
informatic study, CDCA4 was correlated with 
HCC progression and prognosis [40]. In our 
study, CDCA4 has been demonstrated to have 
a unique role in regulating the cell cycle. The 
CDCA4 mRNA expression was found to be high 
in HCC tissues and was related to the progno- 
sis of HCC patients. 

CDCA5 is an important factor for the interac-
tion between cohesin and chromatin in inter-
phase. CDCA5 has been linked to the develop-
ment of various human cancers. Experiments 
showed that there was increased CDCA5 ex- 
pression in colorectal cancer and in noncan- 
cerous adjacent tissue, and CDCA5 up-regula-
tion in colorectal cancer tissues was associat-
ed with shorter patient survival [41]. Hao et al 
demonstrated that CDCA5 is an oncogene in 
liver cancer and it interrupts cell behavior by 
the AKT pathway [42]. Another study demon-
strated that CDCA5 expression was in connec-

Figure 8. Signaling pathway enrichment analysis of CDCA family members in HCC patients (GSEA). High expressions 
of CDCAs were both significantly correlated with cell cycle process.
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tion with the increased tumor diameter and the 
microvascular invasion in HCC. CDCA5 was cor-
related to poor prognosis in HCC patients [43]. 
Likewise, our study showed that higher CDCA5 
mRNA expression was significantly related to 
poorer OS, being an independent prognostic 
factor for shorter OS in HCC patients. This indi-
cated that CDCA5 had an oncogenic effect in 
HCC.

Previously, much research demonstrated that 
CDCA7 played an oncogene role in several can-

cers, such as colorectal cancer, lung adenocar-
cinoma, and triple-negative breast cancer [44-
46]. In current research, CDCA7 silencing in tri-
ple-negative breast cancer cell lines effectively 
impaired cell invasion, migration, and prolifera-
tion [46]. The strengths of CDCA7 immunos-
taining were correlated to the lymph node me- 
tastasis, invasion depth, tumor-node-metasta-
sis stage, and distant metastasis in colorectal 
cancer. Moreover, compared to patients with 
high CDCA7 expression the, those with low 
CDCA7 expression had a higher overall survival 

Figure 9. Functional protein association network of CDCAs and 50 co-expression genes (String and Cytoscape). 
50 neighbor genes were co-expressed with CDCA genes (A). CDC20, CDK1, BUB1, KIF2C, CCNB2, CCNB1, PLK1, 
NDC80, AURKB, and NUF2 were the top ten discovered (B).

Figure 10. Functional and pathway enrichment analyses of CDCAs and their 50 frequently co-expressed neighbor 
genes (Metascape). Heatmap of the Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) 
enriched terms colored by P values (A). Network of GO and KEGG enriched terms colored by P values (B). Network 
of GO and KEGG enriched terms colored by clusters (C).
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rate of colorectal cancer [44]. We also found a 
similar CDCA7 tumorigenic effect in HCC in our 
study. The results indicated that higher CDCA7 
mRNA and protein expressions in HCC tissues, 
and CDCA7 mRNA expression level were signifi-
cantly related to patients’ individual cancer 
stages and tumor grades.

CDCA8 has an essential role in genomic trans-
mission in the cell division process [47]. CDCA8 
is a gene of cell cycle regulation , being upregu-
lated at G2-M phases of the cell cycle [48]. 
CDCA8 is expressed highly in various tumors 
and accelerates tumor development. Gao et al 
[49] found that CDCA8 was expressed highly in 
bladder cancer compared to normal tissues, 
and its high expression has a significant asso-
ciation with a poor prognosis. CDCA8 may act 
as an effective therapeutic target for bladder 
cancer treatment. CDCA8 is a crucial mediator 
of estrogen-stimulated breast cancer cell 
growth and survival, so as to be used as a tar-
get in the treatment of breast cancer [50]. In a 
bioinformatics study, abnormal expression of 
CDCA8 could be taken as gene biomarker of 
HCC [51]. Our study also found that the expres-
sion level of CDCA8 was up-regulated in HCC 
tissues compared to that in non-carcinoma tis-
sues, and the mRNA expression level of CDCA8 
had a significant correlation with patients’ indi-
vidual cancer stages and tumor grades. High- 
er CDCA8 mRNA expression was significantly 
related to poorer OS, being an independent 
prognostic factor for shorter OS in HCC pati- 
ents. This indicates that CDCA8 is involved in 
the tumorigenesis of HCC.

In conclusion, our results found that mRNA and 
protein overexpressions occurred in all the 
CDCA family members, and CDCAs mRNA ex- 
pression levels were linked to patients’ individ-
ual cancer stages and tumor grades. Higher 
CDCAs mRNA expression levels were correlat-
ed to shorter OS in HCC patients. The multi- 
variate analysis indicated that higher mRNA 
expressions of CDCA2/3/4/5/8 were indepen-
dent prognostic factors for shorter OS in HCC 
patients. Besides, a high mutation rate (27%)  
of CDCAs was found in HCC patients and the 
genetic alteration in CDCAs was correlated to 
shorter OS and DFS. Moreover, enriched bio-
logic pathways of CDCAs were analyzed. The 
results showed that the high expression of 
CDCAs was significantly related to both cell 
cycle process and progesterone-mediated 

oocyte maturation. Finally, we examined 50 co-
expressed genes and analyzed CDCAs’ func-
tions and pathways and their 50 co-expression 
neighbor genes. The GO terms indicated that 
they were primarily enriched in cell division, ch- 
romosome, centromeric region, chromosome 
segregation, spindle, and microtubule cytos- 
keleton organization involved in mitosis. The 
KEGG pathway analysis indicated that they 
were primarily enriched in the cell cycle 
(hsa04110) and oocyte meiosis.

Based on the results above, several strengths 
of this analysis should be mentioned. First, this 
is the first study to comprehensively describe 
the correlation of the mRNA expressions of 
CDCA family members with the prognosis in 
HCC patients. Second, we revealed the expres-
sions of six CDCAs based not only on ONCOMI- 
NE data sets but also confirmed by TCGA-LIHC 
data sets. Third, we confirmed the different 
expression and the function of CDCA family 
members in HCC at the transcriptional level, 
gene mutation level, and protein level. Fourth, 
based on the information presented in the  
current study, CDCAs may be biomarkers to 
predict the risk of disease progression and  
the OS for HCC patients. However, some limita-
tions still existed in this study. First, the data  
we used to make analysis were acquired from 
online databases, and further studies consist-
ing of larger sample sizes should be made to 
confirm our findings and CDCAs’ clinical appli-
cation in the HCC treatment. Second, we did 
not evaluate the possible diagnostic and thera-
peutic roles of CDCA genes in HCC, and further 
studies should be made to determine whether 
CDCA genes can act as the diagnostic markers 
or therapeutic targets. Third, we did not study 
the mechanism of each CDCA gene in HCC, and 
further studies should be made to deeply ex- 
plore the mechanism of CDCAs in HCC.

Conclusion

These results indicated that CDCA2/3/4/5/8 
could be prognostic biomarkers of survival in 
HCC patients.
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Table S1. Basic characteristics of 343 HCC 
patients

TCGA (N=343)
Gender
    Male 233 67.9%
    Female 110 32.1%
Vital Status
    Dead 114 33.2%
    Alive 229 66.8%
Age at Diagnosis
    ≥60 Years Old 181 52.8%
    <60 Years Old 162 47.2%
AJCC Pathologic T
    T1 171 49.9%
    T2 86 25.1%
    T3 76 22.1%
    T4 10 2.9%
AJCC Pathologic N
    N0 252 73.4%
    N1 4 1.2%
    NX 87 25.4%
AJCC Pathologic M
    M0 262 76.4%
    M1 4 1.2%
    MX 77 22.4%
AJCC Pathologic stage
    1 169 49.3%
    2 84 24.5%
    3 85 24.8%
    4 5 1.4%
Prior malignancy
    yes 28 8.2%
    no 315 91.8%
Treatment type
    Pharmaceutical Therapy 166 48.4%
    Radiation Therapy 177 51.6%
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Table S2. Multivariate analysis of overall survival in 
343 HCC patients (CDCA2)

Multivariate analysis
P value Hazard ratio 95% CI

Gender 0.214 1.295 0.861-1.947 
Race 0.057 1.399 0.989-1.978 
Age at Diagnosis 0.257 0.798 0.541-1.179 
AJCC Pathologic T 0.296 1.497 0.702-3.192 
AJCC Pathologic N 0.808 1.036 0.777-1.381 
AJCC Pathologic M 0.054 1.325 0.995-1.764 
AJCC Pathologic stage 0.707 1.164 0.527-2.574 
Prior malignancy 0.628 0.841 0.418-1.693 
Treatment type 0.398 0.847 0.576-1.245 
CDCA2 0.019 0.631 0.428-0.928 

Table S3. Multivariate analysis of overall survival in 
343 HCC patients (CDCA3)

Multivariate analysis
P value Hazard ratio 95% CI

Gender 0.298 1.242 0.826-1.868 
Race 0.067 1.383 0.978-1.954 
Age at Diagnosis 0.282 0.809 0.550-1.191 
AJCC Pathologic T 0.419 1.405 0.616-3.205 
AJCC Pathologic N 0.830 1.032 0.776-1.371 
AJCC Pathologic M 0.045 1.342 1.007-1.788 
AJCC Pathologic stage 0.622 1.241 0.526-2.924 
Prior malignancy 0.551 0.809 0.402-1.625 
Treatment type 0.351 0.832 0.565-1.225 
CDCA3 0.005 0.565 0.381-0.839 

Table S4. Multivariate analysis of overall survival in 
343 HCC patients (CDCA4)

Multivariate analysis
P value Hazard ratio 95% CI

Gender 0.436 1.178 0.780-1.777
Race 0.060 1.390 0.986-1.959
Age at Diagnosis 0.228 0.787 0.533-1.162 
AJCC Pathologic T 0.333 1.454 0.681-3.104
AJCC Pathologic N 0.851 1.028 0.773-1.365 
AJCC Pathologic M 0.063 1.309 0.986-1.739
AJCC Pathologic stage 0.608 1.231 0.556-2.722
Prior malignancy 0.674 0.861 0.428-1.732
Treatment type 0.398 0.847 0.577-1.244
CDCA4 0.004 0.568 0.386-0.835
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Table S6. Multivariate analysis of overall survival in 
343 HCC patients (CDCA7)

Multivariate analysis
P value Hazard ratio 95% CI

Gender 0.215 1.294 0.861-1.946 
Race 0.056 1.397 0.991-1.968
Age at Diagnosis 0.355 0.829 0.556-1.235 
AJCC Pathologic T 0.269 1.564 0.708-3.453 
AJCC Pathologic N 0.736 1.051 0.789-1.399 
AJCC Pathologic M 0.094 1.273 0.959-1.690 
AJCC Pathologic stage 0.764 1.135 0.497-2.589 
Prior malignancy 0.564 0.813 0.402-1.645 
Treatment type 0.492 0.874 0.596-1.282 
CDCA7 0.454 0.861 0.581-1.275 

Table S7. Multivariate analysis of overall survival in 
343 HCC patients (CDCA8)

Multivariate analysis
P value Hazard ratio 95% CI

Gender 0.283 1.251 0.831-1.882 
Race 0.047 1.415 1.005-1.991 
Age at Diagnosis 0.355 0.834 0.567-1.226 
AJCC Pathologic T 0.333 1.470 0.674-3.206 
AJCC Pathologic N 0.709 1.055 0.796-1.398 
AJCC Pathologic M 0.066 1.300 0.982-1.720 
AJCC Pathologic stage 0.692 1.179 0.522-2.659 
Prior malignancy 0.603 0.831 0.412-1.673 
Treatment type 0.409 0.850 0.579-1.249 
CDCA8 0.000 0.492 0.332-0.728 

Table S5. Multivariate analysis of overall survival in 
343 HCC patients (CDCA5)

Multivariate analysis
P value Hazard ratio 95% CI

Gender 0.281 1.254 0.831-1.891
Race 0.097 1.340 0.949-1.892
Age at Diagnosis 0.375 0.839 0.570-1.235
AJCC Pathologic T 0.334 1.470 0.673-3.207
AJCC Pathologic N 0.755 1.046 0.788-1.388
AJCC Pathologic M 0.049 1.327 1.001-1.759
AJCC Pathologic stage 0.707 1.170 0.517-2.644
Prior malignancy 0.524 0.797 0.396-1.604
Treatment type 0.296 0.813 0.551-1.199
CDCA5 0.001 0.517 0.348-0.769
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Table S8. Signaling pathway enrichment analysis of CDCAs in HCC patients (GSEA)
KEGG Pathway SIZE NES NOM p-value FDR q-value

CDCA2 CELL_CYCLE 118 2.246447 0 0
OOCYTE_MEIOSIS 110 2.061211 0 0.009684
PEROXISOME 77 -1.89205 0.00202 0.031184
DRUG_METABOLISM_CYTOCHROME_P450 71 -1.94666 0.002024 0.057169

CDCA3 CELL_CYCLE 118 2.14231 0 0.004599
BASE_EXCISION_REPAIR 33 2.05441 0 0.013115
VALINE_LEUCINE_AND_ISOLEUCINE_DEGRADATION 43 -1.88129 0 0.142421
TRYPTOPHAN_METABOLISM 38 -1.84292 0 0.110136

CDCA4 CELL_CYCLE 118 2.042753 0 0.034617
HOMOLOGOUS_RECOMBINATION 24 1.939275 0.001957 0.079868
RETINOL_METABOLISM 62 -2.08176 0 0.007292
PEROXISOME 77 -2.00441 0 0.01512

CDCA5 CELL_CYCLE 118 2.197763 0 5.37E-04
HOMOLOGOUS_RECOMBINATION 24 1.989972 0 0.024229
BUTANOATE_METABOLISM 34 -1.89001 0.002058 0.134971
PEROXISOME 77 -1.88761 0.008316 0.091452


