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HCC (hepatocellular carcinoma), which can be induced by cirrhosis and viral hepatitis infection, is the most frequent
form of liver cancer. This study is performed to investigate the mechanisms of HCC. GSE57957 was obtained from Gene
Expression Omnibus database, including 39 HCC samples and 39 adjacent non-tumorous samples. The DEGs (differen-
tially expressed genes) were screened using the limma package in R, and then were conducted with enrichment analysis
using “BioCloud” platform. Using STRING database, WebGestalt tool, as well as ITFP and TRANSFAC databases, PPI
(protein-protein interaction) pairs, miRNA (microRNA)-target pairs, and TF (transcription factor)-target pairs separately
were predicted. Followed by integrated network was constructed by Cytoscape software and module analysis was performed
using the MCODE plugin of Cytoscape software. There were 518 DEGs identified from the HCC samples, among which 17
up-regulated genes (including MCM2, MCM6, and CDC20) and 5 down-regulated genes could also function as TFs. In the
integrated network for the down-regulated genes, FOS and ESRI had higher degrees, and both of them were targeted by
miR-221 and miR-222. Additionally, MCM2 had interaction with MCMG6 in the up-regulated module with the highest score.
MCM2, MCM6, CDC20, FOS, ESRI, miR-221 and miR-222 might affect the pathogenesis of HCC.

Key words: carcinoma, hepatocellular, gene expression, transcription factors, microRNAs, gene regulatory networks

HCC (hepatocellular carcinoma, also named malig-
nant hepatoma), is the most frequent form of liver cancer
[1]. Most cases of HCC are induced by cirrhosis and viral
hepatitis infection (hepatitis B or hepatitis C) [2-4]. Only
10-20% cases of HCC can be cured by complete resection,
thus the usual outcome of HCC is poor [5]. As one of the
most common cancers around the world, HCC usually
occurs in males from 30 to 50 years old [6]. According to
statistics, HCC results in 662,000 deaths per year globally and
approximately half of them in China [7]. Therefore, revealing
the mechanisms of HCC is important for developing novel
therapies and improving its prognosis.

Previous study reports that the overexpression of UHRFI
(Ubiquitin-like with PHD and RING finger domains 1)
affects DNA hypomethylation in HCC cells and that senes-
cence is a main means of inhibiting tumorigenesis induced
by epigenetic disruption [8, 9]. c-Myc silences tumor-
suppressive miRNAs (microRNAs) in the process of hepato-
carcinogenesis through collaborating with EZH2 (enhancer
of zeste homolog 2)-containing PRC2 (polycomb repressive

complex 2) complex and can serve as potential candidate
for the treatment of human HCC [10]. SALL4 (spalt-like
transcription factor 4) is found to be useful for the diagnosis
and therapy of HCC with the characteristics of stem cells
[11, 12]. Li et al. demonstrate that the miR-224/HOXD10
(homeobox D10)/p-PAK4 (phosphorylated p21 protein
(Cdc42/Rac)-activated kinase 4/MMP-9 (matrix metallo-
peptidase 9) signaling pathway promotes the regulation of
cell invasion and migration and provides promising thera-
peutic targets for HCC [13]. Zhang et al. assume that miR-7
plays tumor-suppressive role during hepatocarcinogenesis
via inhibiting the expression of oncogene CCNEI (cyclin E1)
and can be used for HCC treatment [14]. However, the
pathogenesis of HCC has not been completely reported yet.
In 2014, Mah et al. [15] detected the gene expression
profiles and methylation profiles of HCC patients, finding
that inflammation via the NF-kB ( nuclear factor-kappa B)
pathway functions in regulating gene expression of HCC
patients by methylation. Nevertheless, they have not fully
analyzed the gene expression patterns of HCC patients using
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in-depth bioinformatics analysis. Using the gene expression
profiles deposited by Mah et al. [15], differential expression
analysis, enrichment analysis, and integrated regulatory
network analysis were successively carried out to identify the
key genes associated with the mechanisms of HCC.

Materials and methods

Microarray data. Microarray data of GSE57957, which was
based on the platform of GPL10558 Illumina HumanHT-12
V4.0 expression beadchip, was obtained from GEO (Gene
Expression Omnibus, http://www.ncbi.nlm.nih.gov/geo/)
database. GSE19701 contained 39 HCC samples and 39
adjacent non-tumorous samples. HCC tissues and adjacent
non-tumorous liver tissues were from the NCCS (National
Cancer Centre of Singapore)/SingHealth Tissue Repository,
and all patients have given their informed consent. Tissue
samples were isolated, frozen and then stored at —80°C. The
Qiagen RNeasy mini kit (Qiagen, Germany) was used to
extract RNA from the tissue samples. Mah et al. [15] depos-
ited GSE57957, and their research got the approval of the
SingHealth Centralized Institutional Review Board.

Data preprocessing and DEGs (differentially expressed
genes) screening. The raw data was normalized by the RMA
(Robust Multiarray Average) method [16] of the Affy package
in R. To identify the DEGs, we grouped the 39 HCC samples
together and compared the gene expression to that in 39
non-tumorous samples based on the Bayesian method in the
R package limma (Linear Models for Microarray Analysis,
http://www.bioconductor.org/packages/release/bioc/html/
limma.html) [17]. The genes with [logFC (fold change)| >1.5
and adjusted p-value <0.05 were selected as DEGs.

Functional and pathway enrichment analysis. GO
(Gene Ontology, http://www.geneontology.org) database has
a series of controlled, structured vocabularies for annotating
genes, gene sequences and products [18]. The KEGG
(Kyoto Encyclopedia of Genes and Genomes, http://www.
genome.ad.jp/kegg) database is developed for exploring
gene functions, linking genomic information with corre-
sponding functional information [19]. Reactome (http://
www. reactome. org) is a knowledgebase of pathways,
reactions and biological processes [20]. “BioCloud” online
platform can be used to solve computational problems of
high-throughput data. Based on “BioCloud” platform (http://
www.biocloudservice.com), GO functional, KEGG pathway
and Reactome pathway enrichment analyses were conducted
for the DEGs.

PPI (protein-protein interaction) network analysis.
STRING (Search Tool for the Retrieval of Interacting
Genes, http://string-db.org/) database provides direct and
indirect PPIs associated with over 1100 organisms [21].
Using STRING database [21], PPIs were predicted for the
DEGs, with the threshold of combined score >0.4. Then,
PPI network was constructed by Cytoscape software (http://
www.cytoscape.org) [22].

Integrated network analysis. Using WebGestalt
(WEB-based gene set analysis toolkit, http://www.webgestalt.
org) tool [23], the miRNAs targeting the nodes of the PPI
network were predicted, with the number of target genes >4
as the cut-off criterion. According to the adjusted p-values,
the top 10 predicted results for miRNAs were obtained for
further analysis. Based on the ITFP (integrated transcrip-
tion factor platform, http://itfp.biosino.org/itfp) [24] and
TRANSFAC databases (http://www.gene-regulation.com/
pub/databases.html) [25], the TFs (transcription factors)
among the DEGs and the DEGs targeted by them were
predicted. Using Cytoscape software [22], an integrated
network involving the PPI pairs, miRNA-target pairs, and
TF-target pairs were constructed. Furthermore, module
analysis was performed for the integrated network using the
MCODE ( Molecular Complex Detection) plugin [26] of
Cytoscape software, with the default parameters.

Results

DEGs analysis. With the thresholds of |logFC| >1.5 and
adjusted p-value <0.05, a total of 518 DEGs (194 up-regulated
and 324 down-regulated) were identified in the HCC samples
compared with the adjacent non-tumorous samples. There
were more down-regulated genes relative to up-regulated
genes.

Functional and pathway enrichment analysis. The
up-regulated genes and the down-regulated genes separately
were conducted with enrichment analysis. The up-regulated
genes were enriched in 390 GO terms, 11 KEGG pathways,
and 87 Reactome pathways. The top 5 terms in each
category are listed in Table 1, mainly including mitotic cell
cycle (GO, p-value=1.26E-12), ECM-receptor interaction
(KEGG pathway, p-value = 1.47E-06), and Cell Cycle, Mitotic
(Reactome, p-value=1.76E-11). Besides, the down-regulated
genes were involved in 29 KEGG pathways, 828 GO terms,
and 67 Reactome pathways. For the down-regulated genes,
the enriched terms mainly include organic acid metabolic
process (GO, p-value=0), metabolic pathways (KEGG
pathway, p-value=4.22E-15), and metabolism (Reactome,
p-value=0) (Table 2).

Integrated network analysis. There were separately 314
and 547 interactions in the PPI network for the up-regulated
genes and the PPI network for the down-regulated genes.
Among the DEGs, 17 up-regulated genes (including MCM2,
minichromosome maintenance complex component 2;
MCME6, minichromosome maintenance complex component
6; and CDC20, cell division cycle 20) and 5 down-regulated
genes could also be regarded as TFs (Table 3). Moreover, the
17 up-regulated TFs and the 5 down-regulated TFs targeted
52 up-regulated genes and 7 down-regulated genes, respec-
tively. In addition, the top 10 miRNA predicted results
for the up-regulated genes and the down-regulated genes
(including miR-221, and miR-222) and are listed in Table 4.
The integrated network for the up-regulated genes is shown
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Table 1. The top 5 GO (Gene Ontology) terms, KEGG (Kyoto Encyclopedia of Genes and Genomes) pathways, and Reactome pathways enriched for

the up-regulated genes.

Category  Description Count p-value  Gene symbol
TOP2A, CDC20, PRC1, ASPM, AURKA, CDKN3, PTTG1, CDCA5, CCNB2,
PTTG3B NSMCE2, NUSAP1, NCAPG, RFC4, RRS1, MCM2, FAM83D, GMNN,
GO GO:0000278~mitotic cell cycle 39 1.26E-12 PSME3, MCM4, MELK, KIF20A, MCM6, CDC45, TYMS, CDC25B, NABP2,
KIFC1, NCAPD2, UBE2C, CENPW, NUP37, PSMC4, CENPN, CDCI123, GINS2,
CENPE, TPX2, NUP205
TOP2A, CDC20, PRC1, ASPM, AURKA, CDKN3, PTTG1, CDCAS5, CCNB2,
GO GO:1903047~mitotic cell cycle 35 271E-12 PTTG3B NSMCE2, NUSAP1, NCAPG, RRS1, MCM2, FAM83D, PSME3, MCM4,
process ’ MELK, KIF20A, MCM6, CDC45, TYMS, CDC25B, NABP2, KIFCI1, NCAPD2,
UBE2C, CENPW, NUP37, PSMC4, GINS2, CENPE, TPX2, NUP205
TOP2A, CDC20, PRCI1, ASPM, AURKA, CDKN3, PTTG1, CDCA5, CCNB2,
PTTG3B NSMCE2, NUSAPI, BRSK1, NCAPG, CKS2, RFC4, RRS1, MCM2,
GO GO:0022402~cell cycle process 42 3.19E-11  FAMS83D, PSME3, MCM4, MELK, KIF20A, MCM6, CDC45, TYMS, CDC25B,
NABP2, KIFC1, NCAPD2, UBE2C, CENPW, NUP37, PSMC4, KIAA0196,
CDC123, PEA15, GINS2, CENPE TPX2, NUP205, RRAGD
GO GO:0000819~sister chromatid 13 521E-10 TOP2A, CDC20, PTTG1, CDCA5, PTTG3B NSMCE2, NUSAP1, NCAPG, RRS1,
segregation ) KIFC1, NCAPD2, UBE2C, CENPF
GO GO:0007059~chromosome 17 1.45E-09 TOP2A, CDC20, PTTGI1, CDCA5, PTTG3P, NSMCE2, NUSAPI, NCAPG, RRS1,
segregation ’ FAMS83D, KIFC1, NCAPD2, UBE2C, CENPW, NUP37, CENPN, CENPF
KEGG 4512~ECM-receptor interaction 9 1.47E-06  COL4Al, COLIA1, COL4A2, SPP1, COL5A2, THBS4, VWE HMMR, COL1A2
KEGG :gzsr;ﬁirg;em digestion and 7 881E-05  COL4Al, COLIAL COL4A2, COL5A2, PRSS3, COLIA2, COLI5AI
KEGG 4110~cell cycle 8 0.000215  CDC20, PTTG1, CCNB2, MCM2, MCM4, MCM6, CDC45, CDC25B
KEGG 3030~DNA replication 0.001232  RFC4, MCM2, MCM4, MCM6
KEGG 4510~focal adhesion 0.004792  COL4A1, COLIAI, COL4A2, SPP1, COL5A2, THBS4, VWE COLIA2
TOP2A, CDC20, AURKA, PTTG1, CDCAS5, CCNB2, NCAPG, RFC4, MCM2,
Reactome  69278~cell cycle, mitotic 25 1.76E-11 ~ GMNN, PSME3, MCM4, KIF20A, MCM6, CDC45, TYMS, CDC25B, NCAPD2,
UBE2C, NUP37, PSMC4, CENPN, GINS2, CENPE, NUP205
TOP2A, CDC20, AURKA, PTTG1, CDCAS5, CCNB2, NCAPG, RFC4, MCM2,
Reactome  1640170~cell cycle 26 2.15E-10  GMNN, PSME3, MCM4, KIF20A, MCM6, CDC45, TYMS, CDC25B, NCAPD2,
UBE2C, CENPW, NUP37, PSMC4, CENPN, GINS2, CENPE NUP205
Reactome  176974~unwinding of DNA 5 1.30E-07  MCM2, MCM4, MCM6, CDC45, GINS2
Reactome  1442490~collagen degradation 9.65E-07  COL4Al, COLIAI, COL4A2, COL5A2, MMP9, MMPI11, COLIA2, COL15A1
Reactome  68886~M Phase 14 1.27E-06 CDC20, PTTGI, CDCA5, CCNB2, NCAPG, PSME3, KIF20A, NCAPD2, UBE2C,

NUP37, PSMC4, CENPN, CENPE, NUP205

in Figure 1, and the nodes with degrees higher than 20
(including CDC20) are listed in Table 5A. Meanwhile, the
integrated network for the down-regulated genes is shown
in Figure 2, and the nodes with degrees higher than 20
(including FOS, FB] murine osteosarcoma viral oncogene
homolog; and ESRI, estrogen receptor 1) are listed in Table
5B. Especially, miR-221 and miR-222 could target both FOS
and ESRI in the integrated network for the down-regulated
genes.

A total of 7 modules were obtained from the integrated
network for the up-regulated genes, among which, the
module with the highest score (Mcode score=9.333) had 13
nodes and 61 interactions (Figure 3). Importantly, MCM2
interacted with MCM6 in the module. The top 5 GO terms
and KEGG pathways enriched for the 13 nodes are listed
in Table 6, mainly including mitotic cell cycle process (GO,
p-value=0), and protein digestion and absorption (KEGG
pathway, p-value=8.93E-05). What’s more, there were 13
modules identified from the integrated network for the
down-regulated genes, and the module with the highest

score (Mcode score=7.4) had 11 nodes and 37 interactions
(Figure 4). The top 5 terms enriched for the 11 nodes were
listed in Table 7, mainly including epoxygenase P450 pathway
(GO, p-value = 5.20E-13) and drug metabolism-cytochrome
P450 (KEGG pathway, p-value =2.45E-10).

Discussion

In this study, a total of 518 DEGs (194 up-regulated and
324 down-regulated) were identified from the HCC samples.
Among the DEGs, 17 up-regulated genes (including MCM2,
MCMS6, and CDC20) and 5 down-regulated genes could
also function as TFs. Overexpression of CDC20 is reported
to be related to the pathogenesis of HCC, and may be used
as a potential therapeutic target for the disease [27]. The
low expression of CDC20 and HPSE (heparanase) help cell
apoptosis and autophagy, and targeting inhibition of the
expression of both HPSE and CDC20 is a promising thera-
peutic strategy for HCC [28]. The mRNA and protein levels
of MCME6 in plasma can serve as independent biomarkers
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Table 2. The top 5 GO (Gene Ontology) terms, KEGG (Kyoto Encyclopedia of Genes and Genomes) pathways, and Reactome pathways enriched for
the down-regulated genes.

Category

Description

Count

p-value

Gene symbol

GO

GO

GO

GO

GO

KEGG

KEGG

KEGG

KEGG

KEGG

Reactome

Reactome

Reactome

Reactome

Reactome

GO0:0006082~organic acid
metabolic process

G0:0006805~xenobiotic
metabolic process

G0:0009063~cellular amino
acid catabolic process

GO:0009410~response to
xenobiotic stimulus

G0:0016054~organic acid
catabolic process

1100~Metabolic pathways

982~Drug metabolism -
cytochrome P450

980~Metabolism of xenobiotics
by cytochrome P450

830~Retinol metabolism

591~Linoleic acid metabolism

1430728~Metabolism

211859~Biological oxidations

211945~Phase 1 -
Functionalization of
compounds

71291~Metabolism of amino
acids and derivatives

211897~Cytochrome P450 -
arranged by substrate type

85

28

22

28

30

71

19

18

17

95

27

20

27

16

4.22E-15

9.77E-15

8.53E-14

1.88E-13

3.51E-08

2.22E-16

3.33E-16

5.77E-14

1.24E-13

CYP4A11, IVD, AASS, PFKFB1, APOA4, CSAD, TDO2, ETFDH, SLC25A15,

GSTZ1, IGF1, ACSM2A, LIPC, FBP1, AKRIDI, MSRA, HPGD, HAAO, BHMT,

OAT, PHGDH, ERLIN1, CYP4F2, HAL, HPD, CYP2C18, MTHFDI, ALDH8AI,
ALDHG6AI, G6PC, ACACB, PTGS2, CYP8BI1, PDK4, MATIA, ACADL, CYP2CI9,
CYP2C8, CYP4F12, AGXT2, SARDH, UGT2B10, CTH, VNNI, GCDH, GCKR,
ACSM3, CYGB, SLC27A5, PLA2G16, GPT2, CYP1AI, GPT, ST3GALG6, FTCD,
ACADS, SLC10A1, NCOR1, CYP2CY, OGDHL, GLYAT, BBOX1, PPARGCIA, HAO2,
GHR, RBP1, HOGAI, APOA5, GLS2, CYP39A1, CYP2EI, DCN, CYP2A7, ENO3,
IDO2, CYP2A6, KMO, TAT, GNMT, PCK1, SDS, SRD5A2, SLCO1B3, ASPG, CYPIA2

CYP4A11, GSTZ1, AKR7A3, CYP4F2, CYP2C18, CYP8BI, CYP3A7, MATIA,
ADH6, CYP2C19, CYP2C8, GSTA2, CYP4F12, ADHIC, CYP1A1, CYP2C9Y, GLYAT,
CYP39A1, CYP2EI, CYP3A43, CYP2A7, NNMT, CYP2A6, ADHIB, ADH4, NAT2,
CYP3A4, CYP1A2

IVD, AASS, CSAD, TDO2, GSTZ1, HAAO, OAT, HAL, HPD, ALDH6A1, AGXT2,
CTH, GCDH, GPT2, GPT, FTCD, HOGA1, GLS2, IDO2, KMO, TAT, SDS

CYP4A11, GSTZ1, AKR7A3, CYP4F2, CYP2CI18, CYP8BI, CYP3A7, MATIA,
ADH6, CYP2C19, CYP2C8, GSTA2, CYP4F12, ADHIC, CYPIAI, CYP2C9, GLYAT,
CYP39A1, CYP2EI, CYP3A43, CYP2A7, NNMT, CYP2A6, ADHIB, ADH4, NAT2,
CYP3A4, CYPIA2

CYP4A11, IVD, AASS, CSAD, TDO2, ETFDH, GSTZ1, AKR1DI, HAAO, OAT,
CYP4F2, HAL, HPD, ALDH6A1, ACADL, CYP4F12, AGXT2, CTH, GCDH, GPT2,
GPT, FTCD, ACADS, HOGA1, GLS2, CYP39A1, IDO2, KMO, TAT, SDS

CYP4A11, IVD, AASS, CSAD, TDO2, GSTZ1, TKFC, ACSM2A, LIPC, HSD11B1,
FBP1, AKRIDI, HAAO, BHMT, OAT, PHGDH, CYP4F2, HAL, HPD, CYP2C18,
MTHFDI1, ALDH6A1, G6PC, ACACB, PTGS2, CYP8BI, HSD17B2, CYP3A7,
MATIA, ADH6, ACADL, CYP2C19, CYP2C8, AGXT2, SARDH, CDA, UGT2B10,
CTH, GCDH, ACSM3, ALPL, ADHIC, SLC27A5, GPT2, CYP1A1, GPT, ST3GAL6,
FTCD, ACADS, CYP2C9, OGDHL, HAO2, GLS2, CYP2EI, CYP3A43, CYP2A7,
ENO3, NNMT, IDO2, CNDP1, CYP2A6, KMO, ADHIB, TAT, ADH4, PCK1, SDS,
NAT2, DBH, CYP3A4, CYPIA2

GSTAS5, GSTZ1, CYP2C18, CYP3A7, ADH6, CYP2C19, CYP2C8, GSTA2, UGT2B10,
ADHIC, CYP2CY, CYP2EI, CYP3A43, CYP2A7, CYP2A6, ADH1B, ADH4, CYP3A4,
CYPI1A2

GSTAS5, GSTZ1, CYP2C18, CYP3A7, ADH6, CYP2C19, CYP2C8, GSTA2, UGT2B10,
ADHIC, CYPIAL, CYP2CY, CYP2EI, CYP3A43, ADHI1B, ADH4, CYP3A4, CYPIA2

CYP4A11, CYP2CI18, CYP3A7, ADH6, CYP2C19, CYP2C8, UGT2B10, ADHIC,
CYPIAI, CYP2C9, CYP3A43, CYP2A7, CYP2A6, ADHIB, ADH4, CYP3A4, CYPIA2

CYP2C18, CYP3A7, CYP2C19, CYP2C8, CYP2C9, CYP2EI, CYP3A43, CYP3A4,
CYPI1A2

CYP4A11, IVD, AASS, SLC25A37, PFKFB1, APOA4, CSAD, TDO2, ETFDH,
SLC25A15, GSTZ1, TKFC, AKR7A3, HSD11B1, FBP1, AKRIDI1, HPGD, HAAO,
BHMT, OAT, PHGDH, CYP4F2, HAL, HPD, CYP2C18, MTHFDI, LYVEI,
ALDHG6A1, G6PC, ACACB, PTGS2, CYP8B1, CYP3A7, CA5A, PDK4, HBB, MATIA,
ADH6, ACADL, CYP2C19, CYP2C8, GSTA2, SLC19A3, CYP4F12, AGXT2, CDA,
NPCILI, CTH, GCDH, GCKR, CYGB, ADHIC, IYD, SLC27A5, PLA2G16, GPT2,
CYPIA1L, GPT, ST3GAL6, HBA2, NEU4, FTCD, ACADS, SLC10A1, NCORI,
CYP2C9, GLYAT, BBOX1, CETP, APOAS5, GLS2, CYP39A1, GBA3, CYP2EI,
CYP3A43, DCN, GCGR, ENO3, NNMT, IDO2, CYP2A6, KMO, ADH1B, TAT, ADH4,
PCK1, SLC22A1, SRD5A2, NAT2, STAB2, LCAT, SLCO1B3, DBH, CYP3A4, CYP1A2

CYP4A11, GSTZ1, AKR7A3, CYP4F2, CYP2CI18, CYP8BI, CYP3A7, MATIA,
ADH6, CYP2C19, CYP2C8, GSTA2, CYP4F12, ADHIC, CYPIAI, CYP2C9, GLYAT,
CYP39A1, CYP2EI, CYP3A43, NNMT, CYP2A6, ADHIB, ADH4, NAT2, CYP3A4,
CYPIA2

CYP4A11, CYP4F2, CYP2C18, CYP8B1, CYP3A7, ADH6, CYP2C19, CYP2CS,
CYP4F12, ADHIC, CYPI1AI, CYP2C9, CYP39A1, CYP2E1, CYP3A43, CYP2A6,
ADHIB, ADH4, CYP3A4, CYP1A2

IVD, AASS, CSAD, TDO2, SLC25A15, GSTZ1, HAAO, BHMT, OAT, PHGDH, HAL,
HPD, ALDH6AI, MATIA, AGXT2, CTH, GCDH, IYD, GPT2, GPT, FTCD, BBOX1,
GLS2, IDO2, KMO, TAT, DBH

CYP4A11, CYP4F2, CYP2C18, CYP8BI1, CYP3A7, CYP2C19, CYP2C8, CYP4F12,
CYPIA1I, CYP2C9, CYP39A1, CYP2EI, CYP3A43, CYP2A6, CYP3A4, CYPIA2
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Figure 1. The integrated network for the up-regulated genes. The circles, triangles, and diamonds represent up-regulated genes, transcription factors,
and microRNAs, respectively.

Table 3 The up-regulated genes and the down-regulated genes that could also be taken as TFs (transcription factors).
UP DOWN

ATAD2,C20rf44,CCNB2,CDC20,COL15A1,DARS2,FBXL18, MCM2,
MCM4,MCM6,NCAPD2,NCAPG,NSMAFENUP37,RBM34,RFC4,VWF

EGR1,FOSB,SARDH,SHBG, TACSTD2

Table 4. The top 10 miRNA (microRNA) predicted results for the up-regulated genes and the down-regulated genes.

Category  microRNA Count Adjusted p-value

UP hsa_ATGTACA,MIR-493 5 0.4988
hsa_CTCAGGG,MIR-125B,MIR-125A 5 0.4988
hsa_GCACTTT,MIR-17-5PLMIR-20A,MIR-106A,MIR-106B,MIR-20B,MIR-519D 7 0.4988
hsa_CTACCTC,LET-7A,LET-7B,LET-7C,LET-7D,LET-7E,LET-7EMIR-98,LET-7G,LET-71 5 0.4988
hsa_TGGTGCT,MIR-29A,MIR-29B,MIR-29C 8 0.4988
hsa_CTTTGTA,MIR-524 5 0.4988
hsa_TGCCTTA,MIR-124A 5 1.0000

DOWN hsa_ATGTAGC,MIR-221,MIR-222 6 0.3202
hsa_AACATTC,MIR-409-3P 6 0.3202
hsa_TGCACTG,MIR-148A,MIR-152,MIR-148B 8 0.7214
hsa_GTGCCAA,MIR-96 8 0.7214
hsa_ACTGTGA,MIR-27A,MIR-27B 10 0.7386
hsa_TATTATA,MIR-374 7 0.7386
hsa_ATACTGT,MIR-144 5 0.7386
hsa_TAGCTTT,MIR-9 5 0.7453
hsa_TACTTGA,MIR-26A,MIR-26B 6 0.7453
hsa_AAAGGGA,MIR-204,MIR-211 5 0.7453
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Figure 2. The integrated network for the down-regulated genes. The circles, triangles, and diamonds represent down-regulated genes, transcription
factors, and microRNAs, respectively.

Figure 3. The most significant module obtained from the integrated net-  Figure 4. The most significant module obtained from the integrated net-
work for the up-regulated genes. The circles and triangles represent up-  work for the down-regulated genes. The circles represent down-regulated
regulated genes and transcription factors, respectively. genes.
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Table 5. The nodes with degrees higher than 20 in the integrated network
for the up-regulated gene, and those in the integrated network for the
down-regulated genes.

Gene Degree Gene Degree
Up-regulated
CDC20 69 NCAPD2 32
CCNB2 68 ATAD2 30
MCM4 54 NCAPG 30
TOP2A 39 COL1A1 24
RFC4 39 CENPF 23
MCM6 37 KIF20A 22
MCM2 37 TYMS 22
AURKA 35
Down-regulated
FOS 34 CYP2E1 22
ESR1 34 EGR1 22
ACACB 24 IGF1 21
PTGS2 23

for HCC, especially in patients with AFP (a-fetoprotein)
negative and small HCC [29]. Marshall et al. find that the
early evaluation of MCM2 expression in hepatocyte contrib-
utes to predict the risk of progressive fibrosis for post-trans-
plant HCV hepatitis [30, 31]. MCMs possess high sensitivity
and specificity, thus MCMs are taken as prognostic and
diagnostic markers in the clinical treatment of some types of
human malignant tumors [32]. MCM2 had interaction with
MCMBG6 in the up-regulated module with the highest score.
Thus, MCM2, MCM6, and CDC20 might function in the
pathogenesis of HCC, and MCM2 and MCM6 might affect
HCC through interacting with each other.

Li et al. demonstrate that the expression of oncogene
FOS is inhibited by miR-101 which is dysregulated in HCC
[33]. RBI, (retinoblastoma 1), p53, and FOS play important
roles in HCC in Iran, and their simultaneous overexpres-
sion is remarkably correlated with their expression deletion
during the development of HCC [34]. Fan et al. report that
the derepression of FOS induced by the down-regulation

Table 6. The top 5 GO (Gene Ontology) terms and KEGG (Kyoto Encyclopedia of Genes and Genomes) pathways enriched for the nodes in the most
significant module obtained from the integrated network for the up-regulated genes.

Category Description Count p-value  Gene symbol
o CENPEAURKA,TPX2,NUSAP1,TYMS,MCM6,CDCA5,MCM2,
GO G0:1903047~mitotic cell cycle process 13 0 PRCLCDC45,.KIF20A MELK, TOP2A
o CENPEAURKA,TPX2,NUSAP1,TYMS,MCM6,CDCA5,MCM2,
GO GO0:0000278~mitotic cell cycle 13 2.22E-16 PRC1.CDC45.KIF20A MELK, TOP2A
CENPEAURKA,TPX2,NUSAP1,TYMS,MCM6,CDCA5,MCM2,
GO GO:0022402~cell cycle process 13 3.55E-15 PRC1,CDC45,.KIF20A. MELK, TOP2A
CENPEAURKA,TPX2,NUSAPI,TYMS,MCM6,CDCA5MCM2,
GO GO:0007049~cell cycle 13 1.35E-13 PRC1,CDC45.KIF20A. MELK, TOP2A
GO Sg;g?ﬁ)‘gnmm’“c cell cycle phase 8 4.19E-10  CENPEAURKA,TYMS,MCM6,CDCA5,MCM2,CDC45,MELK
KEGG 4110~Protein digestion and absorption 8.93E-05 MCM6,MCM2,CDC45
KEGG 3030~ECM-receptor interaction 2 0.000362 MCM6,MCM?2

Table 7. The top 5 GO (Gene Ontology) terms and KEGG (Kyoto Encyclopedia of Genes and Genomes) pathways enriched for the nodes in the most
significant module obtained from the integrated network for the down-regulated genes.

Category Description Count P-value  Gene symbol

GO GO0:0019373~epoxygenase P450 pathway 5 5.20E-13  CYP4F2,CYP2C9,CYP2E1,CYP2A6,CYP4Al1l

GO ;2;22:9369~amh‘d°n‘° acid metabolic 6 8.91E-13  CYP4F2,CYP2C9,CYP2E1,PTGS2,CYP2A6,CYP4AI1

GO GO:0006805~xenobiotic metabolic process 7 3.56E-12 CYP4F2,GSTA2,CYP3A4,CYP2C9,CYP2E1,CYP2A6,CYP4Al11

GO GO:0071466~cellular response to 7 420E-12  CYP4F2,GSTA2,CYP3A4,CYP2C9,CYP2EL,CYP2A6,CYP4A11
xenobiotic stimulus

GO g&g‘fg?‘“oqes?mse o xenobiotic 7 533E-12  CYP4F2,GSTA2,CYP3A4,CYP2C9,CYP2E1,CYP2A6,CYP4AIL

KEGG 982~Drug metabolism - cytochrome P450 6 2.45E-10  GSTA5,GSTA2,CYP3A4,CYP2C9,CYP2EI,CYP2A6

KEGG 590~Arachidonic acid metabolism 5 1.06E-08 CYP4F2,CYP2C9,CYP2E1,PTGS2,CYP4Al1

KEGG 980~~Metabolism of xenobiotics by 5 2.73B-08  GSTA5,GSTA2,CYP3A4,CYP2C9,CYP2E]
cytochrome P450

KEGG 830~Retinol metabolism 4 1.56E-06 CYP3A4,CYP2C9,CYP2A6,CYP4Al1l

KEGG 591~Linoleic acid metabolism 9.92E-06 CYP3A4,CYP2C9,CYP2E1
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of miR-139 promotes the metastasis of HCC [35]. ESRI is a
potential tumor suppressor gene in HCC and its promoter
hypermethylation suppresses its expression, thus its hyper-
methylation level may be used to predict HCC status and
progression [36, 37]. In the integrated network for the down-
regulated genes, FOS and ESRI had degrees higher than 20,
indicating that FOS and ESRI might be associated with the
development and progression of HCC.

miR-221, and miR-222 were among the top 10 miRNA
and predicted results for the down-regulated genes. miR-221
inhibition suppresses cell proliferation, prevents cell cycle
progression, and de-represses p27 in HCC cells, thus
miR-221 may be a promising therapeutic target for HCC
[38, 39]. miR-221 can cause functional suppression or loss
of the tumor suppressor HDAC6 (histone deacetylase 6)
by mediating NF-kB- and JNK (c-Met-mediated c-Jun
NH2-terminal kinase)/c-Jun-signaling pathways in the
process of liver tumorigenesis [40]. Yang et al. report that
increased miR-222 expression contributes to the proliferation
of HCC HepG2 cells through reducing p27 [41]. Ogawa et al.
believe that miR-221/222 may serve as novel markers for liver
fibrosis progression and stellate cell activation [42]. In the
integrated network for the down-regulated genes, miR-221
and miR-222 could target both FOS and ESRI, suggesting
that miR-221 and miR-222 might also act in the mechanisms
of HCC through targeting both FOS and ESR1.

In conclusion, a total of 518 DEGs were identified in the
HCC samples using bioinformatics analysis. Besides, MCM2,
MCMe6, CDC20, FOS, ESR1, miR-221 and miR-222 might act
in the pathogenesis of HCC. However, these genes still need
to be confirmed by experimental research.

Supplementary information is available in the online version
of the paper.
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