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Abstract
Background: Hepatocellular carcinoma (HCC) is one of the most common and highest mortality rates
carcinomas worldwide. At present, there are varies of therapeutic methods can be provided for HCC
patients. However, there is no one method can inhibit occurrence and development of HCC very well, and
prognosis of HCC patients is still very poor. Herein, our study aims to identify a key gene closely related to
occurrence, development, poor prognosis of HCC and explore its underlying mechanism from molecular
level.

Methods: GSE62232, GSE102079, GSE112790 and GSE121248 genes expression pro�le datasets were
screened from Gene Expression Omnibus (GEO) database. R studio was used to identify DEGs of each
dataset. Venn online tool was used to generate a Venn diagram and screen overlapping DEGs of the four
datasets. Search Tool for the Retrieval of Interacting Genes  (String) online tool was used to draw
Protein–Protein Interaction (PPI) network. And the most signi�cant module and the key gene NUSAP1 in
PPI network were identi�ed by MCODE and cytoHubba plug-in in Cytoscape software. Oncomine
database and Kaplan–Meier Plotter database were used to analyze relationships between expression of
NUSAP1 and occurrence, development, prognosis of HCC. The cBioPortal online tool was used to identify
co-expression genes of NUSAP1 in HCC patients from TCGA database. Then, KEGG pathway analysis
was carried out by DAVID online tool and Cell cycle pathway map was generated by Kyoto Encyclopedia
of Genes and Genomes (KEGG) online tool.

Results: A total of 86 overlapping DEGs were screened, which included 55 up-regulated DEGs and 31
down-regulated DEGs. Then the key gene NUSAP1 in the PPI network were screened using cytoHubba
plug-in in Cytoscape software. We found NUSAP1 may be associated with occurrence, development and
poor prognosis of HCC by analyzing HCC patients in Oncomine database and Kaplan–Meier Plotter. Co-
expression genes of NUSAP1 in TCGA database were obtained by cBioPortal. And KEGG pathway
analysis was produced using the top 300 co-expression genes of NUSAP1, the result showed most co-
expression genes closely related to the expression of NUSAP1 were concentrated in Cell cycle. Thus, we
generate a KEGG pathway map of Cell cycle and found that most of these genes were located in S phase
and G2/M phase of the Cell cycle and they could regulate the genes in G1 phase, hence, we inferred that
NUSAP1 may regulate the progression of HCC by promoting the transition from the G1 phase to the S
phase.

Conclusion: NUSAP1 may in�uence occurrence, development and prognosis of HCC and might be a new
molecular marker in HCC.

Background
Hepatocellular carcinoma (HCC) is the sixth most common and the fourth deadliest malignant tumors
globally [1]. And it is particularly prevalent in China, Asia and Africa [2]. About 60% new hepatocellular
carcinoma cases occur in China every year, and the 5-year survival rate is approximately 12%[3, 4]. In
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terms of etiology, the occurrence of hepatocellular carcinoma is related to HBV, HCV, alcohol, a�atoxin,
autoimmune diseases, diabetes, obesity and so on [5, 6]. There are many treatment options for HCC now,
including surgical resection, orthotopic liver transplantation, ablation, transcatheter arterial chemical
embolization (TACE), systemic chemotherapy, etc [7–9]. Despite so many treatment options available, the
overall survival (OS) of HCC patients remains poor due to its extremely high rates of postoperative
recurrence and metastasis [10]. Therefore, there is an urgent need to study underlying molecular
mechanism of HCC occurrence, development and poor prognosis in order to explore some better
strategies of prevention, diagnosis and treatment in HCC, which has important clinical signi�cance.

At present, bioinformatics methods and microarrays have been widely used to screen differentially
expressed gene (DEGs) in tumors. Herein, we collected four HCC-related mRNA microarray datasets from
Gene Expression Omnibus (GEO) and obtained differentially expressed genes (DEGs) between HCC and
normal liver tissues by R studio. Then, we obtained overlapping DEGs of the four HCC-related mRNA
microarray datasets by Venn online tool and analyzed the relationships among overlapping genes by
protein–protein interaction (PPI) network. MCODE and ctyoHubba plug-in in Cytoscape software was
respectively used to screen the most signi�cant module in PPI network and key gene in all overlapping
genes. Wurmbach liver dataset in Oncomine was used to explore the relatioships between the expression
of key gene and occurrence, development of HCC. Kaplan–Meier Plotter was used to analyze the
relationship between the expression of key gene and prognosis of HCC. And then, we used cBioPortal to
identify co-exprssion genes of key gene, and used Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway map of Cell cycle to analyze the underlying possible mechanism of key gene in�uencing
progression of HCC. And our study may be of signi�cant value to studies in regard to exploring clinical
and molecular mechanism of HCC in the future.

Materials And Methods

Microarray data
In our study, four genes expression pro�le datasets were screened using the Gene Expression Omnibus
(GEO, http://www.ncbi.nlm.nih.gov/geo) database of NCBI, including the GSE62232 series[11], the
GSE102079 series[12], the GSE112790 series[13] and the GSE121248 series[14]. The GSE62232 dataset
included 81 HCC tissue samples and 10 normal liver tissue samples, the GSE102079 dataset included
183 HCC tissue samples and 15 normal liver tissue samples, the GSE112790 dataset included 70 HCC
tissue samples and 37 normal liver tissue samples, and the GSE121248 dataset included 152 HCC
tissues samples and 105 adjacent normal liver tissue samples. The microarray data from GSE62232,
GSE102079, GSE112790 and GSE121248 were based on the GPL570 platform (HG-U133_Plus_2)
Affymetrix Human Genome U133 Plus 2.0 Array.
Identi�cation Of DEGs

R studio was used to identify DEGs between HCC and normal liver samples by analyzing GSE62232,
GSE102079, GSE112790 and GSE121248 raw data of CEL �les. Firstly, we used the RMA package to
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normalize all the raw database and the Affy package to assess the quality of samples in each dataset.
Then, according to the annotation information in GPL570 platform, probes were changed into the
corresponding gene symbols using R studio. At last, the Limma package was used to identify DEGs. The
criterion of identifying DEGs was |logFC|>2 and adjusted p < 0.05.

Screening Overlapping DEGs

In order to screen overlapping DEGs among GSE62232, GSE102079, GSE112790 and GSE121248, we
used the Venn online tool (http://jvenn.toulouse.inra.fr/app/example.html) to draw a Venn diagram and
�nd the overlapping DEGs among GSE62232, GSE102079, GSE112790 and GSE121248.

Construction and module analysis of the Protein–Protein Interaction (PPI)network

The PPI network was generated by the Search Tool for the Retrieval of Interacting Genes (String,
http://string-db.org Ver-sion:11.0) online database[15]. The MCODE plug-in in Cytoscape software was
used to selected signi�cant modules in the PPI network, and we could �nd the most important module in
all selected signi�cant modules. The criteria of selecting signi�cant modules were degree cutoff = 2, node
density cutoff = 0.1, node score cutoff = 0.2, k-core = 2 and maximum depth = 100.

Hub gene selection and analysis

CytoHubba plug-in in Cytoscape software was used to screen the top 10 hub genes in PPI network. There
were 12 calculating methods in cytoHubba, which included Betweenness, BottleNeck, Closeness,
ClusteringCoe�cient, Degree, DMNC, EcCentricity, EPC, MCC, MNC, Radiality and Stress. And we used the
12 different calculating methods to get 12 different outcomes of the top 10 hub genes. By analyzing the
12 outcomes, we found the key gene NUSAP1. The Wurmbach liver dataset[16] in Oncomine
(http://www.oncom ine.com)[17] was used to analyze key gene NUSAP1 expression levels among normal
liver tissues, cirrhosis, hepatocellular carcinoma and liver cell dysplasia. Besides, the relationships
between NUSAP1 expression level and different HCC grades, hepatitis C virus infection statue, satellites,
vascular invasion or pathological types (detailed) were also analyzed using Wurmbach liver dataset of
Oncomine[16, 17]. The Kaplan–Meier Plotter (http://kmplot.com/analysis/) [18] was used to generate
Kaplan–Meier curves of overall survival (OS), relapse free survival(RFS)progress free survival (PFS) and
disease-speci�c survival (DSS) of NUSAP1 by analyzing 364, 316, 370, and 362 HCC patients
respectively. Then, we used cBioPortal (https://www.cbioportal.org/)[19, 20] to screen the co-expression
genes of NUSAP1 in The Cancer Genome Atlas (TCGA) database, and used DAVID
(https://david.ncifcrf.gov/home.jsp) [21, 22] to generate KEGG pathway analysis of the co-expression
genes of NUSAP1. The pathway map of Cell cycle was generated by Kyoto Encyclopedia of Genes and
Genomes (KEGG, https://www.kegg.jp/)[23], and the corresponding positions of co-expression genes in
the map were marked in red color.

Results
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Identi�cation and analysis of DEGs

DEGs of each microarray dataset were identi�ed using R studio (238 in GSE62232, 258 in GSE102079,
169 in GSE112790 and 197 in GSE121248), and the cut-off criterion was |logFC|>2 and adjusted p < 
0.05(Supplementary material 1). A total of 86 overlapping DEGs in four microarray datasets were
identi�ed using a Venn diagram (Fig. 1 and Supplementary material 2). Then, we used STRING online
database to generate a PPI network of 86 overlapping DEGs, and used Cytoscape software for
visualization (Fig. 2a); it included 55 up-regulated genes (marked in red) and 31 down-regulated genes
(marked in blue). MCODE plug-in in Cytoscape software was used to screen the most signi�cant module
in the PPI network of 86 DEGs (Fig. 2b); it included 32 nodes and 474 edges, all of 32 genes in this
module were up-regulated genes (marked in red) in HCC tissues.
Screening And Analysis Of Top 10 Hub Genes

CytoHubba plug-in in Cytoscape software was used to �nd the top 10 hub genes in the PPI network
containing 86 DEGs. There were 12 calculating methods in cytoHubba, which included Betweenness,
BottleNeck, Closeness, ClusteringCoe�cient, Degree, DMNC, EcCentricity, EPC, MCC, MNC, Radiality and
Stress. And we used the 12 different calculating methods to get 12 different outcomes of the top 10 hub
genes (Fig. 3a-l and Supplementary material 3). By analyzing the 12 different outcomes of the top 10 hub
genes, we found that NUSAP1 existed in 8 outcomes (including Betweenness, Closeness, Degree, EPC,
MCC, MNC, Radiality and Stress), and NUSAP1 was the highest score in 6 outcomes (including
Betweenness, Closeness, Degree, MCC, MNC and Radiality); CDK 1 existed in 9 outcomes (including
BottleNeck, Closeness, Degree, EcCentricity, EPC, MCC, MNC, Radiality, Stress), however, CDK1 was the
highest score only in 3 outcomes (including EcCentricity, MCC and MNC); RAD51AP1 existed in 8
outcomes(including Closeness, Degree, EcCentricity, EPC, MCC, MNC, Radiality and Stress), and
RAD51AP1 was the highest score only in 3 outcomes (including EcCentricity, MCC and MNC). Hence, we
suggest NUSAP1 may be a key gene which associated with HCC occurrence, development and poor
prognosis.

Analysis of key gene NUSAP1

The key gene NUSAP1 full name and corresponding functions are listed in Table 1. And, we used the
Wurmbach liver dataset in Oncomine to analyze expression of NUSAP1 in normal liver, cirrhosis,
hepatocellular carcinoma and liver cell dysplasia (Fig. 4a). We found the expression of NUSAP1 in normal
tissue, cirrhotic and hepatocyte dysplasia was low, but the expression in hepatocellular carcinoma was
signi�cantly high. The result indicates that NUSAP1 may play a signi�cant role in the occurrence of HCC.
Meanwhile, we further analyzed the expression of NUSAP1 from different aspects using the Wurmbach
liver dataset, including different HCC grades (Fig. 4b), whether infected with hepatitis C virus (Fig. 4c),
whether had satellites (Fig. 4d), whether had vascular invasion (Fig. 4e) and different detailed
pathological types (Fig. 4f). The results showed that higher expression of NUSAP1 was signi�cantly
associated with higher HCC grades, hepatitis virus infection, satellites and vascular invasion. Therefore,
we further a�rmed that higher expression of NUSAP1 was related to occurrence and development of
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HCC. Hepatitis C virus infection cases also had a higher expression of NUSAP1, it might exactly explain
that hepatitis virus infection was one risk factor of HCC. Subsequently, in order to further explore the
relationships between NUSAP1 and prognosis in HCC, we used Kaplan–Meier Plotter database to analyze
overall survival (OS), relapse free survival(RFS), progress free survival (PFS) and disease-speci�c survival
(DSS) of NUSAP1 in HCC patients. As the Kaplan–Meier curve shows, we noted that HCC patients with
high NUSAP1 expression were associated with a decrease in OS (Fig. 5a), RFS (Fig. 5b), PFS (Fig. 5c) and
DSS (Fig. 5d). Hence, we guess the high expression of NUSAP1 was associated with poor prognosis of
HCC.

Table 1
Function of key gene NUSAP1.

Gene
symbol

Full name Function

NUSAP1 Nucleolar and spindle-
associated protein 1

NUSAP1 is a nucleolar-spindle-associated protein that plays a
role in spindle microtubule organization.

 

 

Screening and analysis of co-expression genes of NUSAP1 in HCC

To further explore the underlying mechanism of the in�uence of NUSAP1 in HCC, we used cBioProtal
online data analysis tool to screen co-expression genes of NUSAP1 in TCGA HCC transcriptome data
(Pearson scores > 0.3, Spearman scores > 0.3), the top 20 co-expression genes of NUSAP1 were listed in
Table 2. Subsequently, we used DAVID online data analysis tool to generate the KEGG pathways of the
top 300 co-expression genes of NUSAP1(Supplementary material 4), the top 10 hits were listed in Table 3.
The result indicted that the expression of NUSAP1 mainly in�uence HCC Cell cycle, DNA replication,
Oocyte meiosis, Fanconi anemia pathway and so on. Meanwhile, we continued to observe Table 3 and
noticed that most co-expression genes closely related to the expression of NUSAP1 were concentrated in
Cell cycle. Thus, we generated a Cell cycle pathway map using these genes in Cell cycle (Fig. 5), positions
of these genes in the Cell cycle pathway map were marked with red color. The results showed that most
of these genes were located in S phase and G2/M phase of the Cell cycle, and they could regulate the
genes in G1 phase. Herein, we speculated that NUSAP1 may regulate progression of HCC mainly by
promoting the transition from the G1 phase to the S phase. This conclusion was of great clinical
signi�cance, if there was a targeted therapy drug that could inhibit the function of NUSAP1 to promote G1
to S phase transformation, it was possible to inhibit the progression of HCC.
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Table 2
The top 20 co-expression genes of NUSAP1, which were screened by cBioProtal

data analysis platform (Pearson score > 0.3, Spearman scores > 0.3).
Gene Cytoband Spearman’s correlation p-value q-value

BUB1B 15q15.1 0.927414494 5.75E-155 1.16E-150

PRC1 15q26.1 0.920889495 1.55E-148 1.56E-144

TOP2A 17q21.2 0.916780924 9.17E-145 6.14E-141

ARHGAP11A 15q13.3 0.916274747 2.59E-144 1.30E-140

KIF23 15q23 0.913767397 4.05E-142 1.63E-138

KIF18B 17q21.31 0.907355696 8.40E-137 2.81E-133

TPX2 20q11.21 0.895222243 1.00E-127 2.88E-124

OIP5 15q15.1 0.892248583 1.14E-125 2.86E-122

LMNB1 5q23.2 0.888274787 5.14E-123 1.15E-119

KIF18A 11p14.1 0.886901834 4.02E-122 8.07E-119

POLQ 3q13.33 0.886469088 7.65E-122 1.40E-118

CKAP2L 2q14.1 0.882338655 3.11E-119 5.21E-116

KIF11 10q23.33 0.880169399 6.68E-118 1.03E-114

HJURP 2q37.1 0.87933053 2.15E-117 3.09E-114

GINS1 20p11.21 0.8789635 3.58E-117 4.79E-114

FOXM1 12p13.33 0.876505662 1.04E-115 1.30E-112

KIF4A Xq13.1 0.875040502 7.46E-115 8.82E-112

NUF2 1q23.3 0.873623695 4.91E-114 5.48E-111

CDK1 10q21.2 0.872852727 1.36E-113 1.43E-110

PLK4 4q28.1 0.872672685 1.72E-113 1.73E-110
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Table 3
KEGG pathway enrichment analysis of the top 300 co-expression genes of NUSAP1.

Gene Set
Name

Count P-
Value

Genes

Cell cycle 35 5.43E-
36

PCNA, MCM7, BUB1B, TTK, PKMYT1, CDC20, CCNB2, CCNB1,
CDC45, ORC6, PTTG1, ORC1, CHEK1, E2F1, E2F2, BUB1, PLK1,
CDC7, CDC6, CDC25C, CDC25A, CCNA2, DBF4, RBL1, ESPL1,
CCNE2, CCNE1, CDK2, CDK1, MCM3, MCM4, MCM5, MCM6,
MCM2, MAD2L1

DNA
replication

21 1.35E-
28

RFC5, PRIM2, FEN1, RFC3, PCNA, RFC4, RNASEH2A, LIG1,
MCM7, PRIM1, POLD3, POLA1, POLA2, POLE2, POLD1, MCM3,
MCM4, MCM5, MCM6, DNA2, MCM2

Oocyte
meiosis

17 1.91E-
12

PLK1, PKMYT1, CDC25C, FBXO43, AURKA, SGO1, CDC20,
CCNB2, PTTG1, ESPL1, CCNE2, CCNE1, CDK2, CDK1, FBXO5,
BUB1, MAD2L1

Fanconi
anemia
pathway

13 3.40E-
12

FANCI, BLM, RMI2, FANCB, BRCA1, BRCA2, FANCE, FANCG,
RAD51, EME1, FANCD2, UBE2T, USP1

Mismatch
repair

9 6.06E-
10

POLD3, RFC5, RFC3, PCNA, RFC4, MSH2, LIG1, EXO1, POLD1

Homologous
recombination

9 3.62E-
09

POLD3, BLM, RAD51, EME1, POLD1, XRCC2, XRCC3, RAD54L,
BRCA2

Progesterone-
mediated
oocyte
maturation

11 3.72E-
07

CCNA2, CCNB2, CCNB1, PLK1, CDK2, CDK1, CDC25C, PKMYT1,
BUB1, CDC25A, MAD2L1

MicroRNAs in
cancer

13 6.46E-
07

DNMT1, CDCA5, KIF23, BRCA1, CDC25C, CDC25A, CCNE2,
CCNE1, STMN1, DNMT3B, E2F1, E2F2, EZH2

Pyrimidine
metabolism

11 7.05E-
07

POLD3, PRIM2, POLA1, RRM1, POLA2, RRM2, PRIM1, POLE2,
POLD1, TK1, TYMS

Nucleotide
excision repair

8 2.71E-
06

POLD3, RFC5, RFC3, PCNA, RFC4, LIG1, POLE2, POLD1

 

Discussion
Hepatocellular carcinoma (HCC) is the sixth most common and the fourth deadliest malignant tumors
globally, it has a serious impact on human health. Herein, to study the relationships between key gene
and occurrence, development, prognosis of HCC is absolutely a necessary affair, it may guide us to �nd a
new molecular marker in HCC, the underlying molecular mechanisms of HCC and even a new treatment
option at the molecular and genetic level of HCC.
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Herein, four gene chip datasets of HCC (GSE62232, GSE102079, GSE112790 and GSE121248) from GEO
database were screened for bioinformatic analysis, and 86 common DEGs in the four datasets were
identi�ed. We used the 86 common DEGs to make a PPI network by String online tool. Then, the top 10
hub genes in PPI network were screened by cytoHubba plug-in in Cytoscope using 12 different calculating
methods, thus, we gain 12 different outcomes of the top hub genes. Subsequently, we screened the key
gene NUSAP1 by analyzing the 12 outcomes, which existed in 8 outcomes and was the highest score in 6
outcomes. Therefore, we carried out the following study around the NUSAP1 gene which we regarded as
key gene and might related to HCC occurrence, development and poor prognosis.

Nucleolar and spindle-associated protein 1 (NUSAP1) is a nucleolar-spindle-associated protein that plays
a role in spindle microtubule organization, which belongs to the NUSP1 family[24, 25]. Before our study,
many studies had demonstrated that the overexpression of NUSAP1 was observed in many human
neoplasms including colon cancer[26, 27], astrocytoma[28], glioblastoma multiforme[29], renal cell
carcinoma[30], prostate cancer[31–33], oral squamous cell carcinoma[34], breast cancer[35, 36], cervical
carcinoma[37] and esophageal squamous cell carcinoma[38]. Besides, many studies also showed that
overexpression of NUSAP1 was associated with poor survival of colon cancer[26], astrocytoma[28],
glioblastoma multiforme[29], renal cell carcinoma[30], prostate cancer[33], breast cancer[36] and
esophageal squamous cell carcinoma[38]. However, few studies had demonstrated the relationships
between the expression of NUSAP1 and hepatocellular carcinoma. We found two study which were
related to NUSAP1 and hepatocellular carcinoma, one study demonstrated that NUSAP1 was a target of
miRNA 193a-5p and microRNA 193a-5p can regulate levels of NUSAP1, HCC with low levels of miRNA
193a-5p could increase expression of NUSAP1, and the overexpression of NUSAP1 in HCC samples
correlated with shorter survival times of patients[39]. Another study was a transcriptome analysis, by
analyzing microarray datasets incorporating cirrhosis and HCC subjects from Gene Expression Omnibus
(GEO) database, the author found that NUSAP1 was one of the top 5 signi�cant genes which were
associated with onset, progression, prognosis of HCC and exhibited higher expression in HCC compared
with normal livers[40]. Herein, to further explore the relationships between the expression of NUSAP1 and
HCC, we did the next series of study. Firstly, we attempted to explore the expression of NUSAP1 in normal
liver, cirrhosis, hepatocellular carcinoma and liver cell dysplasia, and we found the expression of NUSAP1
signi�cantly higher in hepatocellular carcinoma. Thus, we continued to demonstrate the relationships
between NUSAP1 and HCC grades, hepatitis C virus infection statue, satellites and vascular invasion. The
results showed expression of NUSAP1 was signi�cant higher in HCC grades, hepatitis virus infection,
satellites and vascular invasion. According to these results, we speculated that higher expression of
NUSAP1 might be closely associated with occurrence and development of HCC. Hepatitis C virus
infection patients also had a higher expression of NUSAP1 compared with the patients without hepatitis
C virus infection, it might exactly explain that hepatitis virus infection was one risk factor of HCC. Then,
we want further to explore the relationships between the expression of NUSAP1 and overall survival
(OS),relapse free survival(RFS) progress free survival (PFS), disease-speci�c survival (DSS). We found
that HCC patients with high expression of NUSAP1 had a lower OS (P < 0.05), RFS (P < 0.05), PFS (P < 
0.05) and DSS (P < 0.05) compared with the HCC patients with low expression of NUSAP1, which were
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analyzed using HCC patients in Kaplan–Meier Plotter database. Herein, we a�rmed that high expression
of NUSAP1 was closely connected with the poor prognosis of HCC.

Although we had demonstrated the relationships between high expression of NUSAP1 and occurrence,
development, poor prognostic of HCC, the mechanism of NUSAP1 in�uencing occurrence, development
and poor prognosis of HCC was not very clear until now. We found only one study reported that hepatitis
B virus X protein can enhance hepatocarcinogenesis by depressing the targeting of NUSAP1 mRNA by
miRNA18b, the speci�c mechanism was the targeting of NUSAP1 mRNA by the tumor suppressor
miRNA18b was controlled by hepatitis B virus X modulated promoter methylation during the host-virus
interaction, leading to hepatocarcinogenesis[41]. Hence, in order to further explore the mechanism of
NUSAP1 in�uencing occurrence, development and poor prognosis of HCC, we screened co-expression of
NUSAP1 in HCC by cBioProtal online data analysis tool. Then, we used top 300 co-expression genes of
NUSAP1 to make KEGG pathway analysis by DAVID online data analysis tool, the result showed that the
expression of NUSAP1 mainly affected pathways related to Cell cycle, DNA replication, Oocyte meiosis
and Fanconi anemia pathway. Among these pathways, we found that co-expression genes of NUSAP1
were mainly located in Cell cycle pathway. Herein, we continued to generate a KEGG pathway map using
these co-expression genes of NUSAP1 in Cell cycle pathway, and the map showed that these genes were
mainly located in S phase and G2/M phase of the cell cycle. Thus, we speculated that the mechanism of
NUSAP1 might regulate occurrence, development of HCC by promoting the transition from the G1 phase
to the S phase.

Through these analyses of multiple databases and tools to NUSAP1, our study demonstrated the high
expression of NUSAP1 might be associated with occurrence of HCC by comparing normal liver, cirrhosis,
hepatocellular carcinoma and liver cell dysplasia; the high expression of NUSAP1 might be related to
development of HCC by comparing different HCC grades, whether had satellites and whether had
vascular invasion; the high expression of NUSAP1 might be concerned with poor prognosis of HCC by
making Kaplan–Meier curves, including OS, RFS, PFS and DFS. At last, our study speculated the
mechanism of NUSAP1 of regulating progression of HCC by generating KEGG pathway map of Cell cycle,
which showed that NUSAP1 may facilitate progression of HCC by promoting the transition from the G1
phase to the S phase. And we concluded that NUSAP1 might be of great value to the early diagnosis and
treatment of HCC according to our study outcomes.

Conclusion
By integrating and analyzing four microarray datasets, we screened one key gene (NUSAP1) which was
closely associated with the occurrence, development and poor prognosis of HCC. Meanwhile, we further
studied the mechanism of NUSAP1 in HCC, and found NUSAP1 played a signi�cant role in regulating
HCC progression by promoting the transition from the G1 phase to the S phase in cell cycle. Our results
were of great clinical signi�cance, it might provide some new ideas about early diagnosis, targeted
therapy and prognostic judgement of HCC.
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Abbreviations
HCC: hepatocellular carcinoma; GEO: Gene Expression Omnibus; DEGs: differentially expressed genes;
PPI: protein–protein interactions; KEGG: Kyoto Encyclopedia of Genes and Genomes; String: Search Tool
for the Retrieval of Interacting Genes; TCGA: The Cancer Genome Atlas; NUSAP1: nucleolar and spindle-
associated protein 1; OS: overall survival; RFS: relapse free survival; PFS: progress free survival; DSS:
disease-speci�c survival.
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Figure 1

Venn diagram. Identi�cation of overlapping DEGs in four microarray datasets (GSE62232 GSE102079
GSE112790 and GSE121248), the four datasets share 86 overlapping DEGs.
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Figure 2

PPI network and the most signi�cant module in PPI network. a. PPI network was constructed using 86
overlapping DEGs (including 55 up-regulated genes and 31 down-regulated genes). Up-regulated and
down-regulated genes were respectively marked in red and blue. b. The most signi�cant module of PPI
network included 32 nodes and 474 edges. All genes in the most signi�cant module were up-regulated
genes and marked in red.
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Figure 3

Top 10 hub genes in the PPI network, which were calculated by method Betweenness (a), BottleNeck (b),
Closeness (c), ClusteringCoe�cient (d), Degree (e), DMNC (f), EcCentricity (g), EPC (h), MCC (i), MNC (j),
Radiality (k) and Stress (l). The darker the color, the higher the score.

Figure 4

a. Expression of NUSAP1 in normal liver, cirrhosis, hepatocellular carcinoma and liver cell dysplasia in the
Wurmbach liver dataset. b-f. Association between the expression of NUSAP1 and tumor grades (b),
hepatitis virus infection status (c), satellites (d), vascular invasion (e) and type (detailed) in the
Wurmbach liver dataset.
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Figure 5

a. Overall Survival (OS) analysis of NUSAP1. b. Relapse Free Survival (RFS) analysis of NUSAP1. c.
Progress Free Survival (PFS) analysis of NUSAP1. d. Disease-speci�c Survival DSS analysis of NUSAP1.
(All of the four �gures were generated by Kaplan–Meier Plotter online tool, p < 0.05 was considered
statistically signi�cant).
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Figure 6

Positional relationships of the co-expression genes of NUSAP1 in the Cell cycle. The positions of the
related genes in the Cell cycle pathway were marked with red color, these genes were mainly existing in S
phase and G2/ M phase of the Cell cycle.
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