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CCNB2, NUSAP1 and TK1 are associated with
the prognosis and progression of hepatocellular
carcinoma, as revealed by co-expression analysis
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Abstract. The mortality rate associated with hepatocellular
carcinoma (HCC) is the third highest among all digestive
system tumors. However, the causes of HCC development
and the underlying mechanisms have remained to be fully
elucidated. In the present bioinformatics study, genetic
markers were identified and their association with HCC was
determined. The mRNA expression datasets GSE87630,
GSE74656 and GSE76427 were downloaded from the Gene
Expression Omnibus (GEO) database. A total of 96 differen-
tially expressed genes (DEGs) were screened from the 3 GEO
datasets, including 25 upregulated and 71 downregulated
genes. DEGs were uploaded to the database for Annotation,
Visualization and Integrated Discovery to screen for enriched
Gene Ontology terms in various categories and the Search
Tool for the Retrieval of Interacting Genes/Proteins was used
to identify the interactions and functions of the DEGs. A total
of 3 genetic markers were identified in a stepwise pathway
and functional analysis in a previous study. The association
of the genetic markers with prognosis was analysed using the
UALCAN online analysis tool. Regression analysis was also
performed to identify the relationship between HCC grade and
disease recurrence and the expression of genetic markers using
The Cancer Genome Atlas HCC dataset. In addition, the expres-
sion of the 3 genetic markers in HCC tissues was determined
using reverse transcription-quantitative PCR, the Oncomine
database and the Human Protein Atlas database. The expression
levels of the 3 genetic markers cyclin B2 (CCNB2), nucleolar
and spindle-associated protein 1 (NUSAPI) and thymidine
kinase 1 (TK1) were significantly correlated with each other
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and high mRNA expression of CCNB2 was significantly
associated with poor overall survival of patients with HCC.
Receiver operating characteristic curve analysis indicated that
NUSAPI and TK1 were capable of distinguishing between
recurrent and non-recurrent HCC. Furthermore, CCNB2,
NUSAPI and TK1 were highly correlated with the HCC
grade. It was also indicated that the mRNA expression of
CCNB2, NUSAPA and TK1 was increased in primary HCC
tissues when compared with that in adjacent tissues. The
present study identified that the CCNB2, NUSAP1 and TK1
genes may serve as prognostic markers for HCC, and may be
of value from the perspectives of basic research and clinical
treatment of HCC.

Introduction

Liver cancer is one of the most common malignancies of the
digestive system (1) and the fourth most frequent cause of
cancer-associated mortality worldwide. The most common
liver cancer type is hepatocellular carcinoma (HCC) (2). Since
HCC lacks reliable clinical and biochemical features in the
early stages, the majority of patients are only definitively diag-
nosed with HCC at an advanced stage. At present, in addition
to hepatectomy, combination therapy also has a significant
role in HCC treatment, but a suitable and effective curative
treatment strategy is yet to be developed. Of note, ~70% of
patients with HCC exhibit tumor recurrence or metastasis
within 5 years of receiving the currently applied curative
treatment (3). The majority of HCCs occur in patients with
underlying liver disease, mostly as a result of hepatitis B or
C virus infection and/or alcohol abuse (4-6). Numerous risk
factors associated with poor prognosis and recurrence of HCC
have been identified, including histological grade, regional
invasion and distant metastasis (7,8). In the last decade, with
the wide application of genome-wide gene expression chips,
several molecular markers have been detected based on gene
expression profiles, several of which are used in the clinical
treatment of HCC. These markers have proven valuable for
early diagnosis, molecular typing, sensitivity to chemotherapy
and drug resistance, prediction of prognosis and monitoring.
Several pathways involved in the generation and
development of HCC have been identified, including the
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PI3K/Akt, mitogen-activated protein kinase/ERK (9-11),
Janus kinase 2/STAT3 (12,13) and Wnt/B-catenin signaling
pathways (14). However, numerous molecular mechanisms
of hepatocarcinogenesis remain elusive. In the present study,
genetic markers and their clinical value in HCC were identi-
fied based on data from the Gene Expression Omnibus (GEO)
database and The Cancer Genome Atlas (TCGA), and gene
expression was then analyzed in association with HCC prog-
nosis and progression.

Materials and methods

Differentially expressed genes (DEGs) from the GEO
database. The mRNA expression datasets GSE87630,
GSE74656 and GSE76427 were downloaded from the
GEO database (https:/www.ncbi.nlm.nih.gov/geo/). The
GSE87630 dataset consisted of 64 HCC and 30 non-tumor
samples (Illumina HumanHT-12 V3.0 expression BeadChip),
the GSE74656 dataset consisted of 5 HCC and 5 non-tumor
samples (GeneChip® PrimeView™ Human Gene Expression
Array) and the GSE76427 dataset consisted of 115 HCC and
52 non-tumor samples (Illumina HumanHT-12 V4.0 expres-
sion BeadChip). Calculations for each dataset were performed
using the GEO2R online analysis tools (https://www.ncbi.
nlm.nih.gov/geo/geo2r/). Genes with an adjusted P<0.05 and
llog,(fold change)l=1 were considered differentially expressed.
The ‘Roubust Rank Aggreg’” R package was used to screen the
list of DEGs from the 3 microarray datasets obtained using the
GEO2R online analysis tools. The list of up- or downregulated
DEGs in the 3 chips was used for subsequent analysis.

Functional and pathway analysis of DEGs. DEGs were
uploaded to the Database for Annotation, Visualization and
Integrated Discovery (https://david.ncifcrf.gov/) for analysis
of gene ontology (GO) terms, including GO functional
analysis [categories: Biological processes (BP), cellular
component (CC) and molecular function (MF)] and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathways.
Terms with P<0.05 were considered staistically significant.

Candidate gene selection. The Search Tool for the Retrieval of
Interacting Genes/Proteins (version 11.0; https://string-db.org/)
is a system used to identify the interactions and functional asso-
ciations between DEGs. The protein-protein interaction (PPI)
was visualized using Cytoscape 3.5.1 (https://cytoscape.org/)
to create integrated networks. The CytoHubba plugin was used
to screen for hub genes using the maximal clique centrality
(MCC) algorithm. In addition, together with document and
enrichment analysis, the hub genes that may be interrelated
with other hub genes and took part in the same pathway as the
genetic markers were selected and used for further analysis
and validation.

Survival analysis and clinical features of genetic markers.
The expression levels of genetic markers were validated
using the Oncomine database (https://www.oncomine.org/)
and the Human Protein Atlas (HPA) database (http:/www.
proteinatlas.org/) (15). Prognostic analysis was performed
for genetic markers using the UALCAN online analysis
tool (http://ualcan.path.uab.edu/index.html) (16), which
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incorporates the prognostic data from the TCGA database.
Patients with low gene expression (75%) were assigned to the
low/medium expression group and those with high gene expres-
sion (25%) were categorized into the high expression group. A
Kaplan-Meier curve for the OS of patients with HCC from the
TCGA was obtained according to the low and high expres-
sion of each gene. Regression analysis was also performed
to identify the clinical features of the genetic markers using
TCGA data. Gene expression correlation analysis was used to
determine the correlation between genetic marker expression
and HCC staging. Spearman's method was used to calculate
the correlation coefficient and the datasets, including normal
tissue and cancer tissue at different stages were used for
analysis. The receiver operating characteristic (ROC) curve
was plotted and the area under the curve (AUC) was calculated
with SPSS 22.0 (IBM Corp.) to evaluate the capability of
genetic markers in distinguishing recurrent and non-recurrent
HCC using TCGA data.

Reverse transcription-quantitative (RT-q)PCR. A total of
16 HCC and 16 paired adjacent non-tumor tissues were
obtained following surgeries performed between August 2016
and September 2018 at the Oncology Affiliated Hospital of
Guangxi Medical University (Guangxi, China). Informed
consent was obtained from all patients prior to use of their
tissues. The present study was approved by the Ethics
Committee of Guangxi Medical University (Guangxi, China)
and in accordance with the Guangxi Medical University
ethical guidelines and regulations. Total RNA was extracted
from tissues using the E.Z.N.A. FFPE RNA Isolation kit
(Omega Bio-Tek, Inc.). Complementary (c)DNA was obtained
using the PrimeScript RT-qPCR kit (Takara Bio, Inc.)
according to the manufacturer's protocol. PCR amplification
was performed using the GoTaq qPCR Master Mix with
SYBR green I (Takara Bio, Inc.). The mRNA expression
level was normalized to GAPDH. The primer sequences for
cyclin B2 (CCNB2), nucleolar and spindle-associated protein 1
(NUSAPI) and thymidine kinase 1 (TK1) and GAPDH were
as follows: CCNB2 forward, 5-ATGCGTGCCATCCTAGTG
GA-3" and reverse, 5-CGGGAAACTGGCTGAACCTG-3';
NUSAPI forward, 5'-GGTGCAAGACTGTCCGTGTGG-3'
and reverse, 5"-TGGTGCTCGTCTGGTGGAGAAG-3"; TK1
forward, 5'-GTTCTCAGGAAAAAGCACAGAG-3' and
reverse, 5S-GTCTTTGGCATACTTGATCACC-3'; GAPDH
forward, 5'-AGGTCGGTGTGAACGGATTTG-3' and reverse,
5'-GGGGTCGTTGATGGCAACA-3' (Sangon Biotech Co.,
Ltd.). The PCR thermocycling conditions were as follows:
Initial denaturation at 95°C for 30 sec and 40 cycles of 95°C for
5 sec and 60°C for 34 sec. For each sample, the experiment was
performed in triplicate in a 20-ul reaction volume containing
1 pl diluted cDNA, 8 pmol/ul forward and reverse primers,
10 1 SYBR Premix Ex Taq™ (Takara Bio, Inc.) and 0.4 ul
ROX II Reference Dye (Takara Bio, Inc.). The relative expres-
sion of CCNB2, NUSAP1 and TK1 to GAPDH was calculated
using the 2-44°4 method (17).

Statistical analysis. Statistical analysis was performed
using R-3.5.3 and SPSS 22.0 (IBM Corp.). The y* test and
Fisher's exact test were performed to compare count data
and a Student's t-test was performed to compare continuous
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Figure 1. Hierarchical clustering heatmaps of differentially expressed genes screened on the basis of IFCI>2.0 and a corrected P-value <0.05. Heatmaps
generated using the datasets (A) GSE87630, (B) GSE74656 and (C) GSE76427 are provided. The intensity of the color scheme is scaled to expression values
(log,FC), which are Z-score standardized per gene. The color bar above the heatmap represents the sample groups, with orange indicating the tumor sample
and blue representing normal samples. FC, fold change.

data between groups. Kaplan-Meier curves were drawn and
log-rank tests were performed to assess patient survival.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Screening of DEGs. The HCC expression microarray datasets
were processed using the GEO2R online analysis tool to
obtain DEGs. A total of 1,163 DEGs were screened from the
GSE87630 dataset, including 395 up- and 768 downregulated
genes. The cluster heatmap of the top 100 up- and down-
regulated genes is presented in Fig. 1A. A total of 971 DEGs
were screened from the GSE74656 dataset, including 556
up- and 414 downregulated genes. The cluster heatmap of the
top 100 up- and downregulated genes is provided in Fig. 1B.
A total of 494 DEGs were screened from the GSE76427
dataset, including 92 up- and 402 downregulated genes. The
cluster heatmap of the top 100 up- and downregulated genes

is presented in Fig. 1C. Using the robust rank aggregation
(RRA) method (corrected P<0.05), 96 integrated DEGs were
identified, including 25 up- and 71 downregulated genes. The
heatmap of the top 20 up- and downregulated integrated DEGs
is provided in Fig. 2.

DEG enrichment analysis. Significant terms and pathways from
the GO enrichment and KEGG analysis of DEGs in HCC are
presented in Tables I and II, respectively, and in Fig. 3A and B,
respectively. The significantly enriched GO terms in the category
BP were ‘anaphase-promoting complex-dependent catabolic
process’, ‘oxidation-reduction process’ and ‘cell division’. The
significantly enriched GO terms in the category MF were ‘trans-
membrane signaling receptor activity’, ‘enzyme binding’ and
‘serine-type endopeptidase activity’. The significantly enriched
GO terms in the category CC were ‘brush border membrane’,
‘spindle’ and ‘organelle membrane’ (Fig. 3A). Furthermore, the
KEGG analysis revealed the highest accumulation of the DEGs
in ‘tryptophan metabolism’ and ‘metabolic pathways’. The
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Figure 2. Common differential genes in each expression microarray
(GSE87630, GSE74656 and GSE76427). Red represents upregulated genes,
green represents downregulated genes.

present results indicated that DEGs were significantly enriched
in cell division and metabolic pathways (Fig. 3B).

PPI network analysis of DEGs. A total of 96 DEGs, including
25 up- and 71 downregulated genes, were used to construct
a PPI network, as presented in Fig. 4A. The top 15 hub
genes were screened according to their MCC values and
the hub genes identified were aurora kinase (AURKA), cell
division cycle (CDC20), DNA topoisomerase [la (TOP2A),
CCNB2, kinesin family member (KIFCI), protein regulator
of cytokinesis (PRC1), KIF20A, Rac GTPase-activating
protein 1 (RACGAP1), PTTGI, ubiquitin-conjugating enzyme
(UBE2C), maternal embryonic leucine zipper kinase (MELK),
NUSAPI, cytoskeleton-associated protein 2 like (CKAP2L)
and TK1. Among the 15 hub genes, CCNB2, NUSAPI and
TK1 were indicated to have a close association with each
other. In a previous study using integration of GRNInfer
with GO, KEGG, BioCarta, GNF-U133A, UNIGENE-EST,

Table I. Top 30 Gene Ontology terms of differentially genes

associated with hepatocellular carcinoma.

A, Biological process

Term Count  P-value

Anaphase-promoting complex-dependent 5 0.000818
catabolic process

Oxidation-reduction process 11 0.001144
Cell division 8  0.002569
Cell surface receptor signaling pathway 7 0.003351
Cellular response to cadmium ion 3 0.003587
G2/M transition of mitotic cell cycle 5  0.006063
Methylation 4 0.006851
Xenobiotic metabolic process 4 0.008223
Mitotic nuclear division 6  0.010251
Mitotic cytokinesis 3 0010277
B, Cellular component

Term Count  P-value

Brush border membrane 5 0.000127
Spindle 6  0.000368
Organelle membrane 5 0.000983
Collagen trimer 5 0.001211
Midbody 5 0.004142
Microtubule 7 0.004918
Extracellular region 17 0.006435
Extracellular space 15  0.007454
Extracellular exosome 24 0.011258
Spindle pole 4 0017791
C, Molecular function

Term Count  P-value

Transmembrane signaling receptor 6 0.005480
activity

Enzyme binding 7 0.008315
Serine-type endopeptidase activity 6 0.011224
Carbohydrate binding 5 0.020020
Microtubule binding 5 0.024267
Oxygen binding 3 0.025482
Heme binding 4 0.035824
Oxidoreductase activity, acting on paired 3 0.036374
donors, with incorporation or reduction

of molecular oxygen

Pyridoxal phosphate binding 3 0.036374
Calcium-dependent protein binding 3 0.037546

Disease and GenMAPP databases by DAVID and
MAS 3.0, a corresponding BRCA1 and E2F transcription
factor 1 (E2F1) feedback-interactive network as constructed
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Table II. Kyoto Encyclopedia of Genes and Genomes pathway analysis of differentially expressed genes associated with hepa-

tocellular carcinoma.
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Pathway Count P-value Genes

hsa04114: Oocyte meiosis 7 0.000085 ADCY1,CCNB2,CPEB3,AURKA, CAMK2B, CDC20, PTTG1

hsa00380: Tryptophan metabolism 5 0.000134 AADAT, GCDH, KMO, CYP1A2, INMT

hsa01100: Metabolic pathways 15 0.024348  AADAT, GCDH, CYP2C19, NAT2, CYP26A1, KMO, CYP1A2,
DBH, TK1, ACSM3, CSAD, HAO2, PEMT, ABAT, DEGS1

hsa00232: Caffeine metabolism 2 0.033000 NAT2,CYP1A2

hsa00983: Drug metabolism-other 3 0.037585 NAT2, TPMT, TK1

enzymes

Hsa, Homo sapiens.
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Figure 3. Enrichment analysis of DEGs in HCC. (A) GO enrichment signifi-
cance items of DEGs in different functional groups. (B) Kyoto Encyclopedia
of Genes and Genomes pathway enrichment analysis for DEGs in HCC. FC,
fold change; HCC, hepatocellular carcinoma; DEG, differentially expressed
gene; GO, gene ontology.

and CCNB2-NUSAPI1 was indicated to be activated upstream
and TK1 was located downstream in HCC (18). In the present
study, CCNB2, NUSAPI and TK1 were identified as genetic
markers with involvement of E2F1 and interacting with the
BRCAL pathway in HCC, and were also indicated to be closely
associated with other hub genes (Fig. 4B).

Prognostic potential and correlation analysis of 3 genetic
markers in HCC. Based on the TCGA data, it was investigated
whether any correlation was present between the expression of
CCNB2 and NUSAP1 or TK1. The results indicated that the
3 genetic markers had a moderately or highly positive corre-
lation; the expression of CCNB2 and NUSAP1 was highly
correlated, while the expression of TK1 was moderately corre-
lated with that of CCNB2 and NUSAP1 (P<0.05; Fig. 5A-C).

The influence of the expression of CCNB2, NUSAPI and
TK1 on survival and of patients with HCC was also analyzed.
The expression of CCNB2 was revealed to be positively
associated with survival. Higher expression of CCNB2 was
associated with poorer survival, while the expression of
NUSAPI and TK1 was not associated with survival. A slight
trend for high expression was associated with poor prognosis
(P<0.05; Fig. 5D-F).

Regression analysis was performed to determine the
association between the expression of CCNB2, NUSAPI or
TKI1 and the histopathological grade. The results suggested
that the expression of each of the 3 genetic markers exhib-
ited a mild positive correlation with the histopathological
grade (Fig. 5G-I).

ROC curve analysis was used to assess the ability of the
expression levels of CCNB2, NUSAPI1 and TK1 to distinguish
between patients with recurrent and not-recurrent HCC. The
results suggested that AUC values of NUSAPI and TK1 were
>0.5 (P<0.05), whereas CCNB2 had no significant potential to
distinguish between patients with recurrent and non-recurrent
HCC (Fig. 5J-L). However, the AUCs in the present study are
relatively small (~0.56) and may not be sufficient for each
molecule on its own to predict recurrence. Hence, they may be
used in combination with other predictive factors.

Expression levels of genetic markers in HCC tissue. To
investigate the clinical significance of the expression of
the genetic markers identified in HCC, the expression of
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Figure 4. (A) PPI network. Circles represent genes, lines represent the interaction of proteins between genes and the results within the circle represent the
structure of proteins. Line colors indicate the interaction between the proteins. (B) Visualization of the 15 hub genes selected from the PPI network using the
maximal clique centrality algorithm and the cytoHubba plugin. Edges represent the protein-protein associations. Red octagons represent DEGs with the PPI
scores. Yellow octagons represent DEGs with low PPI scores. DEG, differentially expressed gene; PPI, protein-protein interaction.

CCNB2, NUSAPI and TK1 was compared between normal
human liver and HCC tissues using the Oncomine database.
The Human Protein Atlas database was also used to verify
the protein expression levels of these genetic markers.
The analysis of a representative dataset (Roessler Liver 2)
revealed that CCNB2, NUSAPI and TK1 mRNA expression
was maintained at significantly higher levels in HCC vs.
normal liver tissues, which was consistent with the micro-
array results. The expression of the 3 genetic markers in HCC
determined in the above analysis was also consistent with the
histological evaluation results from the Human Protein Atlas
database (Fig. 6). Furthermore, RT-qPCR was used to verify
the expression levels of the 3 genetic markers in primary
HCC and paired adjacent tissues. In the 16 HCC tissues,
CCNB2, NUSAPI and TK1 were significantly upregulated
as compared with those in their matched adjacent tissues
(P<0.001; Fig. 7A-C). In addition, a highly positive correla-
tion was determined between the expression of CCNB2 and
NUSAPI (P<0.05), while the expression of CCNB2 and TK1
and that of NUSPA1 and TK1 exhibited a moderate positive
correlation (P<0.05; Fig. 7D-F).

Discussion

In the present study, DEGs from 3 GEO datasets were screened.
A total of 96 DEGs were identified following RRA analysis,
including 25 up- and 71 downregulated genes. Following
enrichment and PPI analysis, 15 genes were identified as hub
genes. Among these 15 hub genes, CCNB2, NUSAPI1 and TK1
were closely correlated with one another, and may participate
in the E2F1 pathway interacting with the BRCA1 pathway. It
was also indicated that these genes may be involved in HCC
progression.

DEG enrichment analysis suggested that ‘anaphase-
promoting complex-dependent catabolic process’,

‘oxidation-reduction process’ and ‘cell division’ were the
top 3 most significantly enriched BPs. The major reason
for tumorigenesis may be cell cycle imbalance, which then
induces excessive cell proliferation. Furthermore, several
of the 15 hub genes were indicated to be involved in cancer
cell growth and survival. Targeting of AURKA by inhibitor
alisertib potently induced apoptosis in HCC cells, which was
consistent with the results of clinical trials for hematological
malignancies and solid tumors (19,20). CDC20 has been
reported to be closely associated with the tumorigenesis and
progression of multiple cancers (21). TOP2A overexpres-
sion is implicated in early-stage HCC development, short
survival and chemoresistance in patients with HCC (22,23).
KIFC1 is considered a potential biomarker for non-small
cell lung cancer and may have a significant reference value
for ovarian adenocarcinoma metastasis (24,25). Increased
KIFCI mRNA expression in HCC induced cell metastasis
through the G-ankyrin/AKT/TWIST1 signaling pathway (26).
PRCI was not only overexpressed in several types of cancer,
but it was also reported to enhance early HCC development
through the Wnt/B-catenin pathway (27-29). KIF20A is a
downstream target of Hedgehog signaling and crucial to the
growth of human HCC cells through the GLI family zinc
finger 2/KIF20A axis (30,31). RACGAPI was reported to
be highly upregulated in multiple types of cancer (32,33). A
recent study also suggested that RACGAP1 was essential for
HCC cell cytokinesis and suppressed the Hippo/yes-asso-
ciated protein-1 pathway (34). PTTGI is closely associated
with hepatitis B virus x (HBx) protein and was indicated to
be highly expressed in HBx-immunoreactive cells, which may
contribute to cirrhosis and HCC in patients with chronic hepa-
titis B (35,36). The expression of CDCAS was reported to be
closely linked to microvascular invasion and tumor diameter,
and inhibition of CDCAS expression impeded hepatoma cell
proliferation and induced apoptosis (37). UBE2C was indicated
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Figure 5. (A-C) CCNB2, NUSAPI1 and TK1 levels were highly correlated to one another (data from TCGA). (D-F) Survival analysis of genetic markers in the
TCGA datasets. (D) CCNB2, (E) NUSAPI1 and (F) TK1. Red lines represent high expression of the genes and blue lines represent low/medium expression.
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tics to evaluate the capacity of the distinguishing recurrent and non-recurrent hepatocellular carcinoma are provided. CCNB2, cyclin B2; NUSAPI1, nucleolar
and spindle-associated protein 1; TK1, thymidine kinase 1; TCGA, The Cancer Genome Atlas; ROC, receiver operating characteristic; AUC, area under curve.

to be highly expressed in HCC tumor tissues and patients with
upregulated UBE2C were more likely to have higher-grade
tumors and poor prognosis (38,39). Overexpression of MELK
leads to cell cycle- and mitosis-associated gene expression,
which influences cell division. In addition, MELK was defined
as an oncogenic kinase in early HCC recurrence (40,41). To
date, the function of CKAP2L in cancer has rarely been inves-
tigated and its mechanism has remained elusive (42,43).

Besides the hub genes mentioned above, the present
study focused on the CCNB2, NUSAPI and TK1 genes,
and PPI analysis suggested that CCNB2, NUSAP1 and TK1
are closely associated with other hub genes. BRCA1 was
indicated to be one of the protein targets of double-stand
breaks and ATM/ATR and E2F1 was involved in the cell
cycle by influencing the formation of RADS5I1 foci, which
was controlled by BRCA1 and BRCA2 (44), and BRCA1
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has two splice variants, BRCAla and BRCA1b, which are
able to associate with E2F transcriptional factors, including
cyclins/cyclin D kinase (CDK) to regulate the cell cycle (45).
In a previous study, based on integration of GRNInfer with
GO, KEGG, BioCarta, GNF-U133A, UNIGENE-EST,
Disease and GenMAPP databases by DAVID and MAS 3.0,
CCNB2, NUSAPI and TK1 were key molecules in a
novel hypothetic mechanism of the E2F1 interacting with
the BRCA1 pathway, where CCNB2 and NUSAP1 were
upstream molecules and TK1 an important downstream
molecule (18). CCNB2 belongs to the B-type cyclin family

and is known to activate CDKs during the cell cycle;
inhibition of the expression of CCNB2 in BEL-7404 cells
was reported to decrease cell proliferation and migration,
increase cell apoptosis and induce S-phase arrest (46,47).
NUSAPI is a 55-kDa protein involved in cell proliferation,
which interacts with microtubules and causes chromosome
segregation. NUSAPI has a key role in BRCA1-regulated
pathways, as it regulates BRCA1 protein levels from the
early S-phase into G2-phase (48). There are two CCAAT
boxes and binding sites for E2F1 in the promoter region of
NUSAP and overexpression of E2F1 results in increased
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expression of NUSAP; NUSAP overexpression appears to
be driven in part by E2F1 activation (49). TK1 is involved
in DNA repair and is upregulated during S-phase. A
study on pancreatic ductal adenocarcinoma suggested that
patients with upregulated TK1 had poor prognosis and
that the transcription factor E2F1 may lead to tumor cell
proliferation by regulating TK1 expression (50-53).

In the present study, further analysis using data from
TCGA indicated a close correlation among CCNB2, NUSAP1
and TK1. CCNB2 was significantly associated with the
survival of patients with HCC. The ROC curve and calcu-
lated AUC suggested that NUSAP1 and TK1 were capable
of distinguishing between recurrent and non-recurrent HCC.
In addition, CCNB2, NUSAPI1 and TK1 were all highly
correlated with the HCC grade. Furthermore, the Oncomine
database and the HPA database were used to verify the tran-
scriptional and translational expression levels of the 3 genes.
It was revealed that, as compared with normal tissue, the
3 genes were significantly upregulated in HCC. In addition,
RT-gPCR demonstrated that the mRNA expression of CCNB2,
NUSAPI and TK1 was increased in 16 primary HCC tissues
as compared with that in the matched adjacent tissues, and the
3 genes were closely correlated with one another. The increase
in CCNB2 and NUSAPI1 expression was highly correlated
with the expression of TK1, and based on the Kaplan Meier
analysis, high expression levels of TK1 was linked to poor
prognosis, indicating that it may be more accurate if the
combination of CCNB2. While NUSAPI1 and TK1 is used
as a prognostic marker for HCC, the detailed mechanism of
CCNB2-NUSAPI-TKI1 on the cell cycle and apoptosis of HCC
cells warrants further investigation.

Only a few studies have focused on the association between
these 3 genes and their role in the E2F1 pathway interacting
with the BRCA1 pathway. This was attempted in the present
study. The present results demonstrated that CCNB2,NUSAP1
and TK1 were significantly upregulated in HCC tissues
compared with adjacent normal tissues through RT-qPCR
analysis, as well as bioinformatics analyses of the TCGA and
GEO databases. High expression levels of CCNB2, NUSAP1
and TK1 in HCC tissues were associated with poor prognosis
and high risk of reccurrence. However, further studies are
required to explore the biological functions of these 3 genes
in HCC and/or other cancer types, including metabolism and
cell cycle. This may indicate their utility as targets in the treat-
ment of HCC and/or other cancer types and provide details on
the interactions between them. The roles of the other 12 hub
genes that do not interact with E2F1 and the BRCA1 pathway
in HCC also require further investigation.

In conclusion, using a series of rigorous bioinformatics
analyses, it was indicated that the expression levels of CCNB2,
NUSAPI and TK1 were not only closely correlated with the
HCC grade but also associated with OS, and the expression of
the 3 genes at the transcriptional and translational level also
proved their vital role in HCC. These genes not only regulate
key steps of the cell cycle and catabolic processes, targeting
individual genes and potentially affecting cancer cell devel-
opment and growth, but are also closely associated with one
another. CCNB2, NUSAPI and TK1 may therefore be reliable
prognostic biomarkers for HCC, and even as possible onco-
genes and therapeutic targets in HCC.
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In the present study, bioinformatics analyses were used
to screen for DEGs between HCC and non-tumor tissues.
Among the 15 hub genes, CCNB2, NUSAP1 and TK1 were
indicated to be correlated with one another, and those genes
were indicated to be able to help predict the prognosis of
HCC patients. The results of the present study may prove
valuable from the perspectives of basic research and clinical
treatment for HCC. However, even though the present results
may contribute to the understanding of the progression of
HCC, further studies are required to verify genes associated
with HCC.
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