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Identification of potential hub genes related to the
progression and prognosis of hepatocellular carcinoma
through integrated bioinformatics analysis

XIUDAO SONG!?*, RAO DU*", HUAN GUI®, MI ZHOU>, WEN ZHONG?>, CHENMEI MAO® and JIN MA?

IClinical Pharmaceutical Laboratory of Traditional Chinese Medicine, Suzhou TCM Hospital Affiliated to
Nanjing University of Chinese Medicine; 2Clinical Pharmaceutical Laboratory of Traditional Chinese Medicine,

Suzhou Academy of Wumen Chinese Medicine, Suzhou, Jiangsu 2150009; 3Department of Pharmacy,
Children's Hospital of Soochow University, Suzhou, Jiangsu 215025, P.R. China

Received June 10, 2019; Accepted October 17, 2019

DOI: 10.3892/0r.2019.7400

Abstract. Hepatocellular carcinoma (HCC) is the fourth
leading cause of cancer-related deaths among cancer patients.
Genes correlated with the progression and prognosis of HCC
are critically needed to be identified. In the present study,
3 Gene Expression Omnibus (GEO) datasets (GSE46408,
GSE65372 and GSE84402) were used to analyze the differen-
tially expressed genes (DEGs) between HCC and non-tumor
liver tissues. Gene Ontology (GO) and Kyoto Encyclopedia
of Genes and Genomes (KEGG) enrichment analyses
were conducted to clarify the functional roles of DEGs. A
protein-protein interaction network was established to screen
the hub genes associated with HCC. The prognostic values of
hub genes in HCC patients were analyzed using The Cancer
Genome Atlas (TCGA) database. The expression levels of
hub genes were validated based on ONCOMINE, TCGA and
Human Protein Atlas (HPA) databases. Notably, 56 upregu-
lated and 33 downregulated DEGs were markedly enriched
under various GO terms and four KEGG terms. Among
these DEGs, 10 hub genes with high connectivity degree
were identified, including cyclin B1, cyclin A2, cyclin B2,
condensin complex subunit 3, PDZ binding kinase, nucleolar
and spindle-associated protein 1, aurora kinase A, ZW10 inter-
acting kinetochore protein, protein regulator of cytokinesis 1
and kinesin family member 4A. The upregulated expression
levels of these hub genes in HCC tissues were further confirmed

Correspondence to: Professor Chenmei Mao or Mrs. Jin Ma,
Department of Pharmacy, Children's Hospital of Soochow University,
92 Zhongnan St., Suzhou, Jiangsu 215025, P.R. China

E-mail: maocm68@163.com

E-mail: majin0912@163.com

*Contributed equally

Key words: hepatocellular carcinoma, differently expressed genes,
bioinformatics analysis, hub gene, prognosis

by ONCOMINE, TCGA, and HPA databases. Additionally,
the increased mRNA expression of each hub gene was related
to the unfavorable disease-free survival and overall survival of
HCC patients. The present study identified ten genes associ-
ated with HCC, which may help to provide candidate targets
for the diagnosis and treatment of HCC.

Introduction

Hepatocellular carcinoma (HCC) is one of the most commonly
diagnosed cancers and the fourth most common cause of
cancer-related deaths in the world (1). More than 466,100
people are diagnosed with liver cancer, and approximately
422,100 individuals succumb to liver cancer annually in
China (2). Although multimodal therapies have been used to
treat HCC in the past several decades, the therapeutic outcomes
of HCC are still unsatisfactory due to post-surgical recur-
rence and treatment resistance. Moreover, although numerous
genes and signaling pathways participating in the initiation
and evolution of HCC have been extensively discussed, the
mechanisms underlying HCC development and progression
remain unclear. Recently, microarray technology coupled
with bioinformatics tools has been used to identify the novel
genes related to cancer progression, diagnosis and prognosis.
The major public databases such as The Cancer Genome Atlas
(TCGA), ONCOMINE, and Gene Expression Omnibus (GEO)
are powerful tools used to screen the differentially expressed
genes (DEGs) generated from microarray data corresponding
to the carcinogenesis and progression of HCC (3-7). These
tools can assist in the comprehension of the mechanisms
behind the occurrence and progression of HCC, and identify
novel targets for the diagnosis and prognosis of HCC. Thus,
bioinformatics analysis is a feasible and valuable method to
screen DEGs from microarray data and identify the core genes
related to HCC progression and prognosis.

In the present study, several mRNA microarray datasets
(GSE46408, GSE65372, and GSE84402) were selected from
the GEO database, in order to identify the genes correlated
to HCC progression and prognosis. Using the online tool
GEO2R, DEGs between HCC and non-cancerous liver tissues
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were obtained. Gene Ontology (GO) annotation and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway enrich-
ment analyses were conducted to further provide an overview
of the function of the screened DEGs. A protein-protein inter-
action network (PPIN) was constructed to determine the hub
genes associated with HCC. Survival analyses of the screened
hub genes were carried out using cBioPortal, Kaplan-Meier
plotter and Gene Expression Profiling Interactive Analysis
(GEPIA). The expression levels of the identified hub genes
were validated based on GEPIA, ONCOMINE, UCSC Xena
browser and Human Protein Atlas (HPA) online databases.

Materials and methods

Microarray data source. To obtain the mRNA expression data-
sets of HCC, the following keywords: ‘Hepatocellular carcinoma’
and ‘Homo sapiens’[porgn: txid9606]’, and ‘Expression
profiling by array’ were searched against the GEO database.
After a systematic review, three GSE profiles (GSE46408,
GSE65372, and GSE84402) were selected and downloaded.
GSE46408, GSE65372 and GSE84402 were based on GPL4133
(Agilent-014850 Whole Human Genome Microarray 4x44K
G4112), GPL14951 (Illumina HumanHT-12 WG-DASL V4.0
R2 expression beadchip) and GPL570 [(HG-U133_Plus_2)
Affymetrix Human Genome U133 Plus 2.0 Array], respectively.
The array data for GSE46408, GSE65372 and GSE84402
consisted of 6 HCC patients vs. 6 controls, 17 HCC patients vs.
15 controls and 14 HCC patients vs. 14 controls, respectively.
All data were freely accessible, and the present study did not
involve any human or animal experimentation.

DEG identification. GEO2R was adopted to identify the DEGs
between HCC and non-cancerous liver tissues. The log-fold
change (FC) in expression and adjusted P-values (adj. P)
were determined. The adj. P using the Benjamini-Hochberg
method with default values were applied to correct the poten-
tial false-positive results. Genes that met the specific cut-off
criteria of adj. P<0.05 and llogFCI>1.0 were regarded as
DEGs. The intersecting genes were examined using the Venn
diagram web tool. Visual hierarchical cluster analysis was also
conducted to display the volcano plot of DEGs.

GO annotation and KEGG pathway enrichment analyses
of DEGs. To reveal the functions of DEGs, Enrichr database
was used to conduct GO annotation and KEGG pathway
enrichment analyses (8). The GO terms were comprised of
the following three divisions: biological process (BP), cellular
component (CC) and molecular function (MF). Adj. P<0.05
was regarded as statistically significant.

Construction of PPIN and screening of hub genes. Search
Tool for the Retrieval of Interacting Genes (STRING) (9) is a
database used for analyzing the functional protein association
networks. The screened DEGs had previously been submitted
to the STRING database. All PPI pairs with a combined score
of >0.4 were extracted. High-degree nodes appear crucial
for ensuring the stability of the overall network. The degree
of all nodes was calculated by Cytoscape (v3.6.1) plugin
cytoHubba (10). In this experiment, the genes with the top 10
highest degree values were considered as hub genes.

SONG et al: IDENTIFICATION OF hub GENES RELATED TO HCC

Validation of hub genes. To validate the mRNA expression
level of the screened hub genes in HCC vs. non-tumor liver
tissues, ONCOMINE microarray database (https:/www.
oncomine.org) was used (11). Gene rank is the median rank
for one target gene over all analyses. The threshold was
defined as P=0.05, a 2-fold change and top 10% gene rank.
The hierarchical clustering analysis of hub genes in primary
liver cancer (TCGA Liver Cancer, n=438) was performed by
UCSC Xena browser. The GEPIA database, containing data
from 9,736 tumors and 8,587 controls (12), was employed to
visualize the mRNA expression of each hub gene in liver hepa-
tocellular carcinoma (LIHC) and non-cancerous liver samples.
The protein expression levels of the 10 hub genes in human
normal and HCC tissues were determined using the Human
Protein Atlas (HPA), a website that contains immunohisto-
chemistry-based expression data for approximately 20 most
common types of cancers, 12 individual tumors in each cancer

type (13).

Genetic alterations of hub genes. The LIHC (TCGA,
Provisional) dataset, including the data of 442 samples, was
selected for the analyses of the genetic alterations in hub genes
using cBioPortal. This portal allows for the visualization,
analysis and downloading of a large-scale cancer genomic
dataset (14). The genomic alterations included gene muta-
tions, copy number variations (GISTIC), mRNA expression
z-scores (RNA Seq V2 RSEM) with a z-score threshold of
+2.0 and protein expression z-scores. In accordance with the
online instructions of cBioPortal, the analyses on disease-free
survival (DFS), progression-free survival (PFS) and overall
survival (OS) were carried out.

Survival analyses for hub genes.Kaplan-Meier plotter is widely
applied to explore the roles of 54,675 genes in OS based on
10,461 tumor samples from GEO, European Genome-phenome
Archive and TCGA datasets including 364 patients with
liver cancer. The relationship between OS and hub genes
expressed in patients with liver cancer was evaluated by the
Kaplan-Meier survival analysis (15). Moreover, the association
between DFS and the genes expressed in LIHC patients was
determined using the online tool GEPIA. The lower and upper
50% of gene expression were set as the standard for analysis.
In the present study, HCC patients were categorized into
2 groups based on the median expression values of hub genes.
Log-rank test results with P<0.01 were regarded as statistically
significant.

Results

DEG identification. Following GSE46408 dataset analysis,
1,417 DEGs were successfully identified, including 1,066
upregulated and 351 downregulated genes. For the GSE65372
dataset, 985 DEGs involving 399 upregulated and 586 down-
regulated genes were observed. For the GSE84402 dataset,
1,218 DEGs were identified, including 675 upregulated and
543 downregulated genes. Venn analysis was conducted to
examine the intersection among the DEG profiles. Among
them, 89 DEGs were identified from the three profile datasets.
Notably, 33 DEGs were markedly downregulated (Fig. 1A),
while 56 DEGs were significantly upregulated (Fig. 1B) in
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Table I. The common DEGs of three gene expression profiles (adj. P-val. <0.05, llogFCI>1.0).

Common DEGs Gene symbol

Upregulated DEGs E2F8; TKT; HSPBI1; TPX2; IGF2BP3; CCNBI1; KPNA2; SMYD3; EZH2; HISTIH3B; KIF18B;
CDC25C; ENAH; AURKA; FAMI189B; KIF4A; SOLE; CENPN; ZWINT; CCNA2; PBK; NUF2;
PTTGI1; CDCAS5; CKS2; TRIM24; ECT2; ASPM; ATAD2; MND1; CCNB2; MCM7; PRCI; CDTI;
CENPW; CEP55; MCM4; KIF15; DLGAPS; CKAP2L; NVL; FAM83D; CDCA2; HMMR; GPC3;
CENPI; ORC6; CDKN2A; SGO2; CDKN3; NCAPG; NEK2; CENPM; CENPF; NUSAPI; ESM1
CXCLI14; CLECIB; CRHBP; IGFALS; DBH; MTIM; ECM1; FCN2; ASPA; KBTBD11; CLEC4M;
TMEM?27; BMPER; GPM6A; ANGPTLI; DPT; SLC25A47; COLECI10; LYVEI; CXCLI2; NTF3;

ANGPTL6; HHIP; FCN3; CCBEI; MASP1; MARCO; LCAT; VIPRI; HAMP; PTHIR; ADGRG7;

Downregulated DEGs

SYT9

DEGs, differentially expressed genes.

Table II. Top ten hub genes with higher degree of connectivity.

Gene symbol Gene description Degree
CCNB1 Cyclin B1 42
CCNA2 Cyclin A2 41
CCNB2 Cyclin B2 40
NCAPG Condensin complex subunit 3 40
PBK PDZ binding kinase 39
NUSAPI1 Nucleolar and spindle associated 39
protein 1
AURKA Aurora kinase A 39
ZWINT ZW 10 interacting kinetochore 39
protein
PRC1 Protein regulator of cytokinesis 1 38
KIF4A Kinesin family member 4A 38

HCC tissues compared to non-cancerous liver tissues (Table I).
These 89 DEGs in GSE84402 were plotted in Fig. 1C, where
the red and green dots represented the up and downregulated
genes, respectively.

GO annotation and KEGG pathway enrichment analyses.
To obtain a deeper insight into the biological roles of these
89 DEGs, the Enrichr database (http://amp.pharm.mssm.
edu/Enrichr/)) was employed to conduct GO annotation and
KEGG pathway enrichment analyses. Fig. 2 lists the top 10
enriched GO terms and KEGG pathways. GO BP analysis
revealed that these 89 DEGs were markedly enriched in
the lectin pathway of complement activation, kinetochore
organization, spindle microtubule attachment regulation to
kinetochore and mitotic sister chromatid segregation (Fig. 2A).
For GO CC analysis, the top four significantly enriched terms
were microtubule cytoskeleton, mitotic spindle, chromosome
centromeric region and spindle pole (Fig. 2B). The top four
significantly enriched MF terms included kinase binding,
kinesin binding, cyclin-dependent protein serine/threo-
nine kinase regulator activity and cyclin-dependent protein
kinase activity (Fig. 2C). In addition, the top four markedly
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Figure 1. Identification of common DEGs from GSE46408, GSE65372 and
GSE84402 datasets. Venn diagram of (A) downregulated and (B) upregulated
DEGs based on the three GEO datasets. (C) Volcano plot of the 89 DEGs.
Red, upregulation; green, downregulation. The intersecting areas represent
the commonly altered DEGs. The t-test was used to analyze DEGs, with the
cut-off criteria of 1logFCI>1.0 and adj. P<0.05. GSE46408 (6 HCC patients
vs. 6 controls), GSE65372 (17 HCC patients vs. 15 controls), GSE84402
(14 HCC patients vs. 14 controls); DEG, differentially expressed gene; GEO,
Gene Expression Omnibus; logFC, log-fold change; HCC, hepatocellular
carcinoma.

enriched pathways for these 89 DEGs were cell cycle, oocyte
meiosis, progesterone-mediated oocyte maturation and p53
signaling pathway (Fig. 2D).

PPIN construction and hub gene identification. The STRING
database was adopted to determine the PPI pairs among
the 89 DEGs. As revealed in Fig. 3A, 89 nodes (genes) and
715 edges (interactions) were established in the constructed
PPIN (PPI enrichment P-value=1.0e-16). The top ten hub
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Figure 3. PPIN and hub gene identification. (A) PPIN was constructed by all the 89 DEGs using STRING database. (B) The top 10 hub genes in the PPIN
were screened by Cytoscape (v3.6.1) plugin cytoHubba based on their connectivity degree. The 10 identified hub genes such as CCNBI, CCNA2, CCNB2,
NCAPG, PBK, NUSAPI, AURKA, ZWINT, PRCI and KIF4A are displayed from red (high degree value) to yellow (low degree value). (C) KEGG pathway
enrichment analysis of the 10 hub genes. PPIN, protein-protein interaction network; DEG, differentially expressed gene; STRING, search tool for the retrieval

of interacting genes; KEGG, Kyoto encyclopedia of genes and genomes.

genes were identified based on their connectivity degree. The
results revealed that cyclin B1 (CCNBI) was the most crucial
gene with the highest connectivity degree=42, followed
by cyclin A2 (CCNA2) at degree=41, cyclin B2 (CCNB2)
at degree=40, condensin complex subunit 3 (NCAPG) at
degree=40, PDZ binding kinase (PBK) at degree=39, nucle-
olar and spindle-associated protein 1 (NUSAPI) at degree=39,
Aurora kinase A (AURKA) at degree=39, ZW10 interacting
kinetochore protein (ZWINT) at degree=39, protein regulator
of cytokinesis 1 (PRCI) at degree=38, and kinesin family
member 4A (KIF4A) at degree=38 (Table II). The PPIN of the
identified ten hub genes were also constructed, which indi-
cated a strong interaction among each other (Fig. 3B). KEGG
analysis revealed that the markedly enriched pathways for the
10 hub genes were progesterone-mediated oocyte matura-
tion, the cell cycle, oocyte meiosis, cellular senescence, the
p53 signaling pathway, the FOXO signaling pathway, human
immunodeficiency virus 1 infection, and human T-cell
leukemia virus 1 infection (Fig. 3C). The mRNA expression

levels of these ten hub genes were markedly upregulated in
HCC tissues.

Validation of mRNA expression of the top 10 hub genes in
HCC.First,ameta-analysis on the mRNA expression levels of
CCNBI,CCNA2, CCNB2, NCAPG, PBK, NUSAPI, AURKA,
ZWINT, PRCI, and KIF4A between HCC and non-tumor
liver tissues was performed using the ONCOMINE database.
As demonstrated in Fig. 4, the mRNA expression levels
of (Fig. 4A) CCNBI, (Fig. 4B) CCNA2, (Fig. 4C) CCNB?2,
(Fig. 4D) NCAPG, (Fig. 4E) PBK, (Fig. 4F) NUSAPI,
(Fig. 4G) AURKA, (Fig. 4H) ZWINT, (Fig. 41) PRCI,
and (Fig. 4]) KIF4A were markedly upregulated in HCC
tissues (P<0.05) compared to those in non-cancerous liver
tissues. Furthermore, the median rank of NUSAPI was the
lowest (15) among the top 10 hub genes in HCC tissues
(Fig. 4F). Hierarchical clustering analysis with UCSC Xena
Browser also revealed that the mRNA expression levels of
all the 10 hub genes were basically increased in primary



138

A Median rank
315.0

Gene

[1]2]8]4]5]

p-value
5.31E-8

C Median rank
188.5

p-value Gene

6.10E-10 CCNB2 ‘
[1]2]3]4]5]

L]
r
[ | |
11213 5
E Median rank p-value Gene
840.0 4.49E-6 PBK ]
-ﬂﬂii
G Median rank p-value Gene
57.0 5.80E-21 AURKA ]
[1]2]3]4]5]
H Median rank p-value Gene
37.0 3.75E-23 ZWINT
Median rank p-value Gene
91.0 2.97E-10 PRC1 -
[1]2]3]4]5]
J Median rank p-value Gene
2620 2.03E-8 [
5

[1]2]3]4]5]

SONG et al: IDENTIFICATION OF hub GENES RELATED TO HCC

B Median rank  p-value  Gene
3450 5.22E-55 CCNA2 || ]
[1]2]3]4]5]
D Median rank  p-value Gene
178.0 1.48E-11 NCAPG
F Median rank  p-value Gene

15.0 4.39E-13 NUSAP1
[1]2]3[4]s]
Legend

1. Hepatocellular Carcinoma (n=102) vs. Normal Chen Liver
(n=75), Mol Biol Cell, 2002

2. Hepatocellular Carcinoma (n=38) vs. Normal Mas Liver
(n=19), Mol Med, 2008

3. Hepatocellular Carcinoma (n=22) vs. Normal Roessler Liver
(n=21), Cancer Res, 2010

4. Hepatocellular Carcinoma (n=225) vs. Normal Roessler Liver
2 (n=220), Cancer Res 2010

5. Hepatocellular Carcinoma (n=35) vs. Normal Wurmbach Liver
(n=10), Hepatology, 2007

1 5 1025 2510 5
EEOOOCOO®

Yo

] Not measured

!._.

Figure 4. Meta-analysis on the mRNA expression levels of (A) CCNBI, (B) CCNA2, (C) CCNB2, (D) NCAPG, (E) PBK, (F) NUSAPI,(G) AURKA, (H) ZWINT,
(I) PRCI and (J) KIF4A in HCC tissues vs. non-cancerous liver tissues using the five ONCOMINE datasets. The colored squares represent the median rank of
these genes (vs. normal tissue) across the five datasets. The significance level for the median rank analysis was set at P<0.05. HCC, hepatocellular carcinoma.
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Figure 5. Hierarchical clustering analysis of the hub genes in HCC (n=371) and normal liver tissue (n=50) was conducted using the UCSC Xena browser. HCC,
hepatocellular carcinoma.

hepatic cancer tissues compared to non-tumor tissue samples
(Fig. 5). The results from the GEPIA database also revealed
that the mRNA expression levels of all the 10 hub genes were
significantly higher (P<0.01) in HCC tissues than those in

normal liver tissues (Fig. 6). These findings were consistent
with the obtained microarray data.

After examining the mRNA expression levels of the 10 hub
genes in HCC, the protein expression levels of these hub genes



ONCOLOGY REPORTS 43: 133-146, 2020

139

A 7 B = C ™~ —* D ™~ |
b B of o
o L
<+ £ 0 }57 ’ 0
< | o Q: - ‘ <
™~ 3 @
& I
o o T e &
] i iE
_‘a:_ _f_".':_ - ’*;‘. — -
' B 4
o o4 —— ZE o
T r T
LIHC MNormal LIHC  Normal LIHC  MNormal
E ™~ I F(o = :* G ~ H — %
© - 0 L
w - ‘;;E’ © 2,
4 — e | é
s < = . < N
< — E":'-;' -
@ . < ©® i
™ .
(a0 By -
i o o ..
o ge . .
i ; o .
T . g b — -
- i . 5
G5 ] & :
o £ o- == ] o it
T = - T
LIHC MNormal LIHC  MNormal LIHC  MNormal LIHC  MNormal
I M~ —* +*
@0 :é,' 0 ]
0 # - :
3 o
&
<« -
- o - 5t
. &
o g
o o -
o . s
W " - e
o .
- i ? ey
; o i e

T
LIHC MNormal

LIHC Normal

Figure 6. Validation of the mRNA expression levels of (A) CCNBI, (B) CCNA2, (C) CCNB2, (D) NCAPG, (E) PBK, (F) NUSAPI, (G) AURKA, (H) ZWINT,
(I) PRC1, and (J) KIF4A in LIHC tissues and normal liver tissues using GEPIA. These ten box plots are based on 360 HCC samples (marked in red) and
160 normal samples (marked in gray). “P<0.01 was considered statistically significant. LIHC, liver hepatocellular carcinoma; HCC, hepatocellular carcinoma.

in HCC were explored using the HPA database. Notably,
the protein levels of (Fig. 7A) CCNBI, (Fig. 7B) CCNA2,
(Fig. 7C) CCNB2, (Fig. 7D) NCAPG, (Fig. 7E) PBK, (Fig. 7F)
NUSAPI, (Fig. 7G) AURKA and (Fig. 7T) PRC1 were not
expressed in normal liver tissues, whereas medium and high
expression levels of these genes were observed in liver cancer
tissues (Fig. 7A-G and I). Moreover, the low protein expres-
sion levels of ZWINT and KIF4A were revealed in normal
liver tissues, while medium protein expression levels of these
genes were observed in liver cancer tissues (Fig. 7H and J). In
summary, the present results indicated that the transcriptional
and translational expression levels of the 10 hub genes were
overexpressed in patients with HCC.

Alteration in the frequency and prognostic values of hub
genes. The frequencies of genetic alterations of the 10 hub
genes in LIHC were evaluated using the cBioPortal database.
Approximately 32.5% of LIHC clinical cases exhibited signifi-
cant alterations in the 10 hub genes (Fig. 8A). The mRNA

upregulation was one of the most important single factors for
the altered 10 hub genes in 64 cases (17.78%) of LIHC. The
mRNA expression (RNA Seq V2 RSEM) of the top 10 hub
genes in LIHC was further analyzed. The results revealed
that the percentage change in the mRNA expression levels of
CCNBI, CCNA2, CCNB2, NCAPG, PBK, NUSAPI, AURKA,
ZWINT, PRCI and KIF4A in LIHC were 8,19, 8,5,5,8, 8,
7, 8 and 5%, respectively (Fig. 8B). Through the cBioportal
database, the relationship between the changes in hub gene
expression and LIHC prognosis was examined. Kaplan-Meier
plots were used to compare DFS, PFS and OS in LTHC
patients with or without alterations in the mRNA expression
levels of the top 10 hub genes. As revealed in Fig. 8C, LIHC
cases with altered hub gene expression exhibited significantly
worse OS compared to those with unaltered hub gene expres-
sion (P=7.735e-3). Similarly, LIHC cases with altered hub gene
expression displayed significantly worse DFS (P=0.0226)
compared to those with unaltered hub gene expression
(Fig. 8D).
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Figure 7. Representative immunohistochemistry images of (A) CCNBI, (B) CCNA2, (C) CCNB2,(D) NCAPG, (E) PBK, (F) NUSAPI,(G) AURKA, (H) ZWINT,
(I) PRC1,and (J) KIF4A in HCC and non-cancerous liver tissues derived from the HPA database. HCC, hepatocellular carcinoma; HPA, Human Protein Atlas.

Survival analysis of the hub genes in liver cancer. OS and  conducted by Kaplan-Meier plotter, bioinformatics analysis
DFS analyses of the 10 hub genes selected by PPI were further — and the GEPIA database. As demonstrated in Fig. 9, the high
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expression levels of CCNBI, CCNA2, CCNB2, NCAPG, PBK,
NUSAPI, AURKA, ZWINT, PRCI and KIF4A in patients with
liver cancer were associated with poor OS. The unfavorable
DFS was also markedly observed in LIHC patients with
increased expression levels of the top ten hub genes (Fig. 10).

Discussion

In the present experiments, bioinformatics analysis was
performed to identify the potential key genes correlated with
HCC. By comparing the three DEG profiles of HCC retrieved
from the GEO database, 56 upregulated and 33 downregulated
DEGs were successfully identified, respectively. Based on the
degree of connectivity in PPIN, the top ten hub genes were
ranked, including CCNBI, CCNA2, CCNB2, NCAPG, PBK,
NUSAPI,AURKA,ZWINT, PRCI and KIF4A. These identified
hub genes were functioned as a group, and may play a crucial
role in HCC.

KEGG enrichment analysis revealed that the cell cycle
was the most significantly enriched pathway for these 89
DEGs. Cell-cycle deregulation is the major reason for the
unlimited proliferation of cancer cells. Cyclins belong to a
family of closely related proteins that drive the cell division
cycle entry and progression, repair DNA damage, and control
cell death by activating cyclin-dependent kinases (16). The
up-regulation of cyclins causes cell-cycle deregulation and
uncontrolled cell growth (17), indicating that cyclins play

a vital role in the pathogenesis of cancer. CCNBI (18,19),
CCNA2 (20,21) and CCNB2 (22) are the founding members
of the cyclin gene family, which regulate the proliferation,
growth and apoptosis of cells, and have been associated
with cancer progression and survival. CCNBI (23,24),
CCNA2 (20,25) and CCNB2 (22,26) have been identi-
fied in various types of tumors. Liu et al (3) revealed that
CCNBI and CCNB?2 are highly expressed in HCC tissues
compared to non-cancerous liver tissues. Based on the
microarray studies of human liver tumors, CCNA2 was also
overexpressed in human HCC tissues (27). The overexpres-
sion of CCNBI1 (4,5,28,29) and CCNB2 (4) was correlated
with poor OS and DFS in HCC patients by bioinformatics
analysis. The results of the present study demonstrated
that the upregulated levels of CCNB1 and CCNB2 signifi-
cantly contributed to unfavorable OS and DFS in patients
with HCC. In addition, it has been reported that CCNA2
is associated with a decrease in OS for patients with HCC,
based on the survival and expression data from TCGA (30).
In agreement, this study revealed that HCC patients with a
low CCNAZ2 expression level exhibited longer OS and DFS
compared to those with a high CCNA?2 expression level.
NCAPG is the regulatory subunit of the condensin
complex, and its related pathways are the cell cycle, mitotic
and cell cycle chromosome condensation, which converts the
interphase chromatin into mitotic-like condense chromo-
somes during mitosis and meiosis (31). Although the roles
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of NCAPG in cancers have not been studied extensively, it
can potentially act as a novel oncogene for HCC progression.
NCAPG knockdown suppresses the growth and proliferation
of HCC cells (32,33), and inhibits the growth of HuH7 and
HCCLM3 tumor xenografts (32). NCAPG was revealed to
be overexpressed in HCC tissues, which contributed to the
recurrence and OS of HCC patients (32,33). The overexpres-
sion of CCNBI was revealed to exhibit a significant positive

correlation with NCAPG overexpression in HCC patients (32).
NCAPG has been identified as a hub gene in HCC in several
studies by bioinformatics analysis (34-36). The findings of
the present study demonstrated that the increased expression
of NCAPG could confer a poor prognosis in HCC patients.
Thus, NCAPG plays important roles in HCC progression,
and serves as a novel therapeutic target for improving the
treatment of HCC.
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PBK is highly expressed in several cancers, including pros-
tate cancer (37), breast cancer (38), gastric carcinoma (39), and
lung cancer (40), and its overexpression may be correlated with
tumor progression and poor prognosis. Although the clinical
significance and biological role of PBK in HCC have not yet
been extensively studied, PBK is suggested to function as an
oncogene for HCC. First, Yue ef al identified the upregulation
of PBK as a potential prognostic biomarker for HCC by inte-
grated GEO and TCGA datasets (41). Second, HCC patients
with PBK overexpression were revealed to be more susceptible
to increased tumor size, poor OS and DFS, occurrence of
vascular invasion and incidence lymph node metastasis (42).
Third, previous in vivo and in vitro data have demonstrated
that PBK exerts an oncogenic role in HCC by activating the
[-catenin signaling pathway (42). These results supported the
present findings which revealed that the increased expression
levels of PBK were markedly associated to poor OS and DFS
in HCC patients.

NUSAPI is a microtubule-associated protein that controls
the cell cycle by promoting the aggregation of microtu-
bules (43). Its expression levels are highly up-regulated in
various tumor types, including prostate (44), pancreatic (45)
and invasive breast cancers (46). In HCC patients, the expres-
sion of NUSAP1 was revealed to be upregulated, and its
overexpression may serve as a prognostic factor (47). NUSAP1
knockdown could decrease the proliferation, migration and
survival of tumor cells in a human liver cancer xenograft
model (47). In this study, the present findings also revealed
that the increased expression of NUSAP1 was correlated with
poor OS and DFS in HCC patients.

AURKA is a mitotic serine/threonine kinase that is associ-
ated with the regulation of mitosis, cell division and cell cycle
progression (48). The clinical role of AURKA in HCC has been
studied extensively. AURKA overexpression has been detected
in an HCC cell line (49) and HCC tissue samples (50,51).
AURKA overexpression has been closely associated with
the aggressive tumor characteristics (52), poor outcome (51)
and chemoresistance (53) of HCC. The findings on AURKA
gene polymorphisms have indicated that AURKA can act
as a predictive biomarker for early-stage HCC (54). Another
mechanistic study has revealed that AURKA can promote
HCC metastasis by modulating epithelial-mesenchymal tran-
sition and cancer stem cell-like features (51). In HCC cells,
AURKA at the transcriptional level was revealed to be regu-
lated by c-Myc, which contributes to HCC progression (55).
The inhibition of AURKA by alisertib (56), a compound that is
currently being tested in phase II/III clinical trials of patients
with hematological malignancies and solid tumors, can poten-
tially reduce viability and induce apoptosis in HCC cells (49).
Zhou et al revealed the overexpression of AURKA was nega-
tively correlated with OS, based on the survival and expression
data from TCGA (36). The present study also indicated that
the increased expression levels of AURKA were associated
with unfavorable OS and DFS in HCC patients.

ZWINT belongs to a component of a kinetochore complex,
which can recruit ZW10 to kinetochores. The expression of
ZWINT has been revealed to be downregulated in HCC (57).
However, other findings have suggested that ZWINT mRNA
and protein are overexpressed in HCC cell and tissue samples.
The increased expression of ZWINT in HCC tissues was
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markedly correlated with tumor size and number, poor OS,
and a great tendency for tumor recurrence (58). Furthermore,
the overexpression of ZWINT increased the proliferation
of HCC cells by modulating cell cycle-related proteins (58).
Using bioinformatics analysis, the hub gene ZWINT was iden-
tified and higher expression of ZWINT in HCC predicted poor
prognosis in several studies (34,35). The results of our studies
also indicated that ZWINT could exert oncogenic effects
rather than tumor inhibitory effects on HCC. However, these
findings should be further investigated.

PRCI1 is a microtubule-associated protein that is related
to cell motion and microtubule dynamics. The expression
level of PRCI1 in HCC tissue samples has been revealed to be
higher than that in non-tumor adjacent tissue samples (59).
The increased expression of PRC1 in HCC patients was corre-
lated with the decreased survival rates of HCC patients (59).
PRCI1 promoted early HCC recurrence by activating the
Whnt/beta-catenin signaling pathway (60). Wang et al (61)
reported that the high expression of PRC1 exacerbates chemo-
resistance in HCC cells. Li et al analyzed the HCC data from
TCGA by weighted gene co-expression network analysis and
identified PRCI1 as a novel biomarker for HCC (34). The results
of this study indicated that the increased expression of PRC1
was a prognostic indicator for DFS and OS in HCC patients.

KIF4A is a microtubule-based motor protein that regulates
the segregation of chromosomes and organization of mitotic
spindles during mitosis (62). KIF4A has been revealed to be
highly expressed in HCC cells and tissues (63), and its over-
expression in HCC patients indicates a poor prognosis (63,64).
The findings on an HCC cell model overexpressing KIF4A
revealed that KIF4A enhanced HCC cell survival and clono-
genicity, by maintaining mitotic progression and protecting
against cell death (63). KIF4A knockdown markedly decreased
the proliferation and migration abilities of HCC-LM3
and PLC/PRF/5 (65). The hub gene KIF4A has been identified
to be involved in the development of HCC by bioinformatics
analysis (6). The findings of this study indicated that the
upregulated expression of KIF4A could confer poor OS and
DFS in HCC patients.

In summary, using three cohort profile datasets and
integrated bioinformatics analysis, 10 HCC-associated hub
genes were identified. The expression of the hub genes was
revealed to be increased in HCC, and the overexpression level
predicted poor prognosis. These results were consistent with
previous studies (4-7,34-36,41). Further studies with larger
sample sizes should be carried out to validate the present
findings. Additionally, experimental evidence is warranted to
investigate the functional roles of the identified genes in HCC.
Collectively, it is our sincere hope that this present study will
contribute to the discovery of novel diagnostic and prognostic
biomarkers as well as therapeutic targets for HCC.
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