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Background: Hepatocellular carcinoma (HCC) is one of the most common human malig-
nant tumors. The prognosis of HCC patients is still unsatisfying. Thus, it is of great
importance to identify novel molecules and functional pathways associated with the patho-
physiology of HCC. In this study, we performed the integrated bioinformatics analysis and
experiment validation to identify novel biomarkers in the prognosis and progression of HCC.
Materials and Methods: Gene expression profiles were obtained from Gene Expression
Omnibus database (GSE33294) for the screening of the differentially expressed genes (DEGs)
between HCC tissues and matched non-tumor tissues. The DEGs were subjected to Gene
Ontology (GO), Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment
analysis and Gene Set Enrichment Analysis (GSEA). The key genes in HCC were further
subjected to overall survival analysis of HCC patients. The in vitro functional studies were
performed to validate the biological functions of the key gene in HCC cell progression.
Results: A total of 2,334 DEGs were screened from GSE33294 dataset, including 1,120 up-
regulated and 1,214 down-regulated genes. GO, KEGG and GSEA results showed that DEGs
are significantly associated with the biological process of cell cycle, cell division and DNA
replication. The Kaplan—Meier survival analysis results showed that the key genes from the
minichromosome maintenance protein complex (MCM) family including MCM8, MCM 10,
MCM2, MCM3, MCM4, MCM6 and MCM?7 were significantly correlated with the overall
survival of the HCC patients. Further validation studies showed that MCM10 was signifi-
cantly up-regulated in the HCC cell lines, and knockdown of MCMI10 significantly sup-
pressed cell proliferation as determined by the cell counting kit-8 and BrdU incorporation
assays and increased the caspase-3 activity of HCC cells.

Conclusion: The comprehensive bioinformatics analysis identified several key genes that
were associated with the prognosis of HCC patients. The validation study results indicated
that MCM 10 may be an important predictor for poorer prognosis of HCC patients and may
act as an oncogene to promote HCC cell progression.

Keywords: hepatocellular carcinoma, GSE33294, bioinformatics, hub genes, MCM10,
prognosis

Introduction

Hepatocellular carcinoma (HCC) is one of the most common human malignant
tumors and represents one of the leading causes of cancer-related deaths in the
world. There were about 1 million new cases and about 0.5 million deaths caused
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by HCC in 2019 worldwide." In the People's Republic of
China, the HCC patients make up more than 50% of the
HCC cases worldwide, which may be due to the high
incidence of hepatitis B virus (HBV) infection.>® There
is growing evidence showing that aberrant expression of
oncogenes or tumor suppressor genes has been closely
associated with the development of HCC.* Due to the
lack of the effective early diagnosis for HCC, the prog-
nosis of HCC patients is still unsatisfying. So far, sorafe-
nib has been approved by the US Food and Drug
Administration for treating HCC at advanced stages;
while the high cost, low efficiency and adverse effects of
sorafenib have largely limited its use.’ In this regard, it is
necessary for us to investigate the correlation between
novel gene functions and the pathophysiology of HCC,
which may help us to discover novel diagnostic biomar-
kers and therapies for HCC.

Owing to the rapid development of high-throughput
technologies, studies have developed rapid methods to
identify the differentially expressed genes (DEGs) and
related signaling pathways, which are related to the patho-
physiology of different human malignancies.®” Among
these studies, integrative bioinformatics strategies have
been employed to analyze the DEGs in a large number
of tumor samples. For example, Xie et al,® analyzed four
Gene Expression Omnibus (GEO) datasets including
GSE19665, GSE55092, GSE94660, and GSE121248 and
identified key genes and pathways involved in HBV-
related HCC.® Ma et al,” obtained the mRNA expression
profiles from the GEO database and the Cancer Genome
Atlas-Liver Hepatocellular Carcinoma database, and the
results showed that eleven hub genes with the most inter-
actions were suggested as potential biomarkers in HCC.’
Yan et al,'® conducted a comprehensive study on bioinfor-
matics, clinical analysis and in vitro validation and found
that Misato family member 2, pseudogene had significant
diagnostic and prognostic value in HCC.'"” Due to the
rapid increase in the number of microarray datasets, the
analysis of these datasets has not been sufficient. Thus,
more efforts should be invested in analyzing these datasets
related to the pathophysiology of HCC, which may help us
to identify novel diagnostic and prognostic biomarkers
for HCC.

In this study, we downloaded the GSE33294 datasets
(3 human HCC tissues and 3 matched non-tumor tissues)
from the GEO database.'' GEO RNA-seq experiments
Interactive Navigator (GREIN; http://www.ilincs.org/

apps/grein/)'?

tool was used to extract the DEGs. In

addition, Gene Ontology (GO), Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway enrichment analy-
sis and Gene Set Enrichment Analysis (GSEA) were per-
formed in these DEGs. Survival analysis of the enriched
genes were conducted to find important biomarkers.
Finally, we performed the validation studies and in vitro
functional studies to investigate the potential role of mini-
chromosome maintenance protein complex 10 (MCM10)
in the pathophysiology of HCC.

Materials and Methods

Collection of Microarray Data

The microarray data was downloaded from the GEO data-
base (http://www.ncbi.nlm.nih.gov/geo/) under the acces-
sion number GSE33294. The GPL10999 Illumina Genome
Analyzer IIx platform was used. A total of three human

HCC tissues and three matched non-tumor tissues were
included in this dataset.

Data Reprocessing and DEG Screening
The GREIN tool was used to analyze the differences in the
gene expression levels (signature) between non-tumor
group and HCC group in the GSE33294 datasets. GREIN
is a web application with comprehensive analytical tool-
box, which provides manipulation and analysis of RNA-
seq data. We identified DEGs between human normal liver
tissues and human HCC tissues. After the raw expression
data were normalized by trimmed mean of M-values
(TMM) using the edgeR, we performed differential
expression analysis (HCC tissues vs normal tissues). The
screening threshold of DEG was set to a false discovery
rate (FDR) <0.05 and [logFC| >1.5 (where FC is the fold
change), and differential expression results were visualized
as heatmap and volcano plot. The DEGs were then
exported into excel for further analysis.

Functional Analysis of DEGs
An ontology-based tool, enrichR (https://amp.pharm.

mssm.edu/Enrichr/), was used to perform GO enrichment
and KEGG pathway enrichment analysis for the DEGs.'?
The enrichR is an open and comprehensive resource for

selected gene sets. GO enrichment analysis including bio-
logical processes, cellular components and molecular
function, identified which GO terms were over or under-
represented within a given set of genes.'> The KEGG
knowledge database, an integrated database resource, is
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generally used to identify functional and metabolic
pathways."?

GSEA Analysis of DEGs

GSEA of DEGs was performed with JAVA program
(http://software.broadinstitute.org/gsea/index.jsp) against
MSigDB H hallmark gene sets and C5 Go gene set. The
hallmark gene sets summarize information across multiple

gene sets by emphasizing genes that display coordinate
expression and represent well-defined biological pro-
cesses, thereby reducing variation and redundancy, and
providing a better delineated biological space for GSEA
analysis.'* Genes were ranked with the metric of absolute
“signal to noise” value and 1000 random sample permuta-
tions were carried out.

Overall Survival Analysis of DEGs

The overall survival analysis of the DEGs in the patients
with HCC was analyzed by using the Gene Expression
Profiling Interactive Analysis (GEPIA) database.'> The
GEPIA is an outstanding interactive web tool for analyz-
ing the RNA-seq expression data of 9,736 tumors and
8,587 normal samples from The Cancer Genome Atlas
and the Genotype-Tissue Expression projects. GEPIA can
provide customizable functions such as tumor/normal dif-
ferential expression analysis, patient survival analysis,
profiling according to cancer types or pathological stages,
and correlation analysis. In this study, the Kaplan—Meier
curves were plotted using the GEPIA database including
364 patients with HCC. The log-rank P-value (P < 0.05)
and hazard ratio with the 95% confidence interval were
calculated. P < 0.05 was
significant.

considered statistically

Cell Lines, Cell Culture and Transfection

with Small Interfering RNAs

LO2, HepG2, SMMC7221 and HCC-LM3 cells were
obtained from the Cell Bank of Shanghai Institutes for
Biological Sciences, Chinese Academy of Sciences
(Shanghai, People's Republic of China). The cells were
cultured in the DMEM medium (Thermo Fisher Scientific,
Waltham, MA, USA) supplemented with fetal bovine
serum (FBS; Thermo Fisher Scientific) and were kept in
a humidified incubator at 37°C with 5% CO,. The
MCMI10 siRNAs (si-MCM10#1 and siMCM10#2) and
the scrambled control siRNA (si-NC) were obtained from
RiboBio (Guangzhou, People's Republic of China).

SiRNAs were transfected into the SMMC7721 and HCC-
LM3 cells using Lipofectamine 2000 reagent (Invitrogen,
Thermo Fisher Scientific) according to the manufacturer’s
protocol. At 24 hours after transfection, cells were pro-
cessed for further experimental assays.

RNA lIsolation and RT-qPCR

Total RNA was purified from cell lines using the
MiniBEST Universal RNA extraction kit (TaKaRa,
Dalian, People's Republic of China). A total of 2 pg
RNA was reversely transcribed into cDNA using
PrimeScript 1st strand cDNA Synthesis Kit (Takara). The
real-time PCR was performed on an Applied Biosystems
(Applied Biosystems, Thermo Fisher Scientific) using One
Step PrimeScript™ RT-PCR Kit (Takara) in accordance
with the manufacturer’s protocol. GAPDH was used as the
reference control for MCM10 expression. The relative
expression of MCM10 was calculated using the 2 A<
method.

Western Blotting

Cells were lysed using the RIPA buffer (Beyotime,
Beijing, People's Republic of China) supplemented with
protease inhibitors (Roche, Basel, Switzerland). The pro-
tein concentration of the samples were measured by BCA
protein assay kit (Thermo Fisher Scientific). Equal
amounts of proteins (50 pg) were separated on a 10%
SDS-PAGE gel. The separated proteins were then trans-
ferred to the polyvinylidene difluoride membranes
(Beyotime). After incubating with 1.5% skimmed milk,
the membranes were then probed with the antibodies
including anti-MCM10 and anti-B-actin (Cell Signaling
Technology, Danvers, MA, USA). The membranes were
then detected

conjugated

against the Horseradish peroxidase-
(Cell
Technology). The signal on the membranes were detected
using the ECL kit (Thermo Fisher Scientific) in accor-

dance with the manufacturer’s protocol.

secondary  antibodies Signaling

Cell Counting Kit-8 (CCK-8) Assay

Cell proliferative ability was measured by the CCK-8 kit
(Beyotime) in accordance with the manufacturer’s proto-
col. Briefly, SMMC7721 and HCC-LM3 cells transfected
with different siRNAs were seeded in a 96-well plate, and
after culturing for indicated time duration, cells were incu-
bated with 10 uL of CCK-8 reagent at room temperature
for 4 hours. The cell proliferation was detected by
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measuring the absorbance value at 450 nm using
a microplate reader.

BrdU Incorporation Assay

Cell proliferation was evaluated by the BrdU incorporation
assay. Briefly, SMMC7721 and HCC-LM3 cells trans-
fected with different siRNAs were seeded on 6-well plates,
and were incubated with 10 uM BrdU (Beyotime) for 4
hours followed by staining with mouse anti-BrdU antibody
(Cell Signaling Technology) overnight in the dark at 4°C.
After that, the cells were treated with fluorescein isothio-
cyanate-conjugated goat anti-mouse IgG (Dako, Glostrup,
Denmark). Propidium iodine (PI) (Sigma) (50 pg/mL) was
used to stain nuclei as the control to all cells in each group.
The labelling index was expressed as the number of posi-
tively labelled nuclei/total number of nuclei.

Caspase-3 Activity

The caspase-3 activity of the transfected SMMC7721 and
HCC-LM3 cells were measured by the Caspase-3 activity
kit (Abcam, Cambridge, MA, USA) in accordance with
the manufacturer’s protocol.
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Statistical Analysis

GraphPad Prism software was used to perform the statis-
tical analysis. One-way ANOVA was used for determina-
tion of significance of differences among treatment groups.
A P-value less than 0.05 was considered to be statistically
significant.

Results
Analysis of DEGs

Firstly, the density distribution plot is shown in Figure 1A,
and prior to DEGs analysis, the Pearson correlation coeffi-
cients between samples were determined by RNA-seq
correlation analysis, and the Pearson correlation coeffi-
cient of each sample was greater than 0.9 (Figure 1B),
implying good repeatability. Furthermore, principal com-
ponent analysis was performed on the DEGs and the PCA
results indicated that the non-tumor group and hepatocel-
lular carcinoma group were divided into two distinctive
groups (Figure 1C). Similarly, t-NSE analysis further con-
firmed the distinctive clustering of the two groups (Figure
1D). In this regard, the DEGs could distinguish between
non-tumor group and hepatocellular carcinoma group,

- DOWN-regulated
NoT

-log10(Padj)
3

- UP-regulated

5 N H
Log2FoldChange

Figure | Differential analysis of the GEO datasets (GSE33294). (A) Density distribution. (B) Pearson correlation between samples. (C) Principal component analysis plot of
the counts of the detected genes in six samples. (D) t-Distributed Stochastic Neighbor Embedding (t-NSE) analysis of the counts of the detected genes in six samples. (E)
Heatmap of the DEGs between non-tumor group and hepatocellular carcinoma group. (F) Heatmap plot of the DEGs with the adjusted P-values. (G) Volcano plot of the

differentially expressed genes.
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suggesting the robustness of the microarray-data for dis-
covering tumor-specific genes for HCC. The expression
microarray datasets were processed using the GREIN
online analysis tool to obtain the DEGs. A total of 2,334
DEGs were screened from xxx dataset, including 1,120
up-regulated and 1,214 down-regulated genes (Figure 1E).
The cluster heatmap of the top 100 upregulated and down-
regulated genes is shown in Figure 1F. The results of the
DEGs are also presented using the volcano plot on the
basis of |[FC[>1.5 and an adjusted P-value <0.05
(Figure 1G).

Gene Ontology Analysis and Gene
Ontology Enrichment Analysis of the
DEGs

Furthermore, we used the enrichR online tool to per-
form the Gene ontology analysis and enrichment ana-
lysis. As shown in Figure 2A, the DEGs were classified
into biological process, cellular component and mole-
cular function by the GO analysis. In the aspect of
biological process, the high number of DEGs was
associated with “alpha-amino acid catabolic process,”
“epoxygenase P450 pathway,” and the “aromatic amino
family catabolic process,” for example. In the aspect of
cellular component, the high number of DEGs was
associated with “spindle,” “platelet alpha granule
lumen,” and “mitotic spindle,” for example. In the
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aspect of molecular function, the high number of
DEGs was associated with eg, “steroid hydroxylase

ERINNTY

activity,” “arachidonic acid monooxygenase activity,”
and “arachidonic acid epoxygenase activity.” Further
analysis showed that the top 40 genes were enriched
in “cell cycle G1/S phase®, “G1/S transition of mitotic
cell cycle” and “mitotic cell cycle phase” in the biolo-
gical process; in “chromosome, centromeric region,”
“platelet alpha granule lumen,” and “spindle” of the
cellular component, and in “arachidonic acid monoox-
ygenase activity,”
ity,”
molecular function (Figure 2B).

arachidonic acid epoxygenase activ-

and “steroid hydroxylase activity” of the

KEGG Analysis of DEGs

Then the DEGs were searched against the KEGG path-
way, the top pathways are shown in Figure 3A, and
these pathways include “cell cycle,” “drug metabo-
lism,” “retinol metabolism,” “chemical carcinogen-

esis,” “complement and coagulation cascades,”

“metabolism of xenobiotics by cytochrome P450,”
“valine,” “leucine and isoleucine degradation,” “fatty

acid degradation,” “tryptophan metabolism,” and

“PPAR signalling pathway.” The top 40 genes asso-
ciated with enriched pathways include “retinol metabo-

EE N3

lism,” “drug metabolism,” “arginine biosynthesis” and

so on and are shown in Figure 3B.
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Figure 2 Gene ontology (GO) enrichment analysis of the DEGs. (A) GO analysis of differentially expressed genes. (B) The top 40 genes enriched in the GO terms were

shown.
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Figure 4 GESA analysis of the DEGs. (A) GESA analysis of DEGs using hallmark gene sets. (B) GESA analysis of DEGs using GO gene sets.

GSEA Analysis of DEGs

Firstly, the DEGs were research against the hallmark
gene sets, and as shown in Figure 4A, the top two
enriched terms were G2M checkpoint and mitotic spin-
dle, and the NES values were 3.62 and 3.59 respec-
tively; when the DEGs were searched against the GO
gene sets, the top enriched GO terms included cell
cycle, cell cycle progress, mitotic cell cycle, cell
cycle phase transition, cell division, mitotic nuclear
division and the NES scores were 4.00, 3.94, 4.26,
3.70, 4.09 and 4.23, respectively (Figure 4B).

Overall Survival Analysis of the DEGs in
Patients with HCC

Based on the enriched terms in GO enrichment analysis, we
further chose genes enriched in the “cell cycle G1/S phase,”
“G1/S transition of mitosis,” and “mitotic cell cycle phase.”
A total of 19 genes were searched against the GEPIA
database to construct the Kaplan—Meier survival curve. As
shown in Supplemental Figure S1, PRIM2, RANBP3L,
CDT1, CDC6, CDC25A, CDC7, DBF4, POLA2, POLAL,
ORC6, CDC45, and ORCI1 were significantly associated
with the overall survival of HCC patients. Furthermore,
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we focused our analysis on the correlation between the
MCMs family and the overall survival analysis, as shown
in Figure 5, the high expression of MCMS§, MCMI0,
MCM2, MCM3, MCM4, MCM6, and MCM?7 were signifi-
cantly correlated with shorter overall survival of the HCC
patients. Among these MCMs, the role of MCM10 has not
been deciphered in HCC, thus, further validation study was
performed to determine the potential role of MCMI10 in
HCC progression.

Validation of the Candidate Gene

By using qRT-PCR and Western blot analysis, we analyzed
MCMI10 expression in normal liver cell lines and HCC
cell lines, and as shown in Figure 6A, MCM10 mRNA
expression levels were significantly higher in the HCC
cancer cell lines than that in normal liver cells (Figure
5A). In order to confirm the in vitro biological function of
MCM10 in HCC cells, we designed two siRNAs for
MCM10. Both SMMC7721 and HCC-LCM3 cells trans-
fected with MCM10 siRNAs exhibited downregulation of
MCM10 in both mRNA and protein levels (Figure 6B and
C). The CCK-8 analysis showed that MCM 10 knockdown
significantly suppressed the cell proliferation of
SMMC7721 and HCC-LM3 cells (Figure 6D and E); con-
sistently, the BrdU incorporation assay revealed that
MCMI10 knockdown attenuate the proliferative potentials
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Figure 5 Overall survival analysis of the differentially expressed genes (MCM8, MCMI0,

GEPIA database.

Percent survival
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of SMMC7221 and HCC-LM3 (Figure 6F and G).
Moreover, MCMI10 knockdown also significantly
increased the caspase-3 activities of SMMC772 and HCC-
LM3 cells (Figure 6H and I).

Discussion

Due to the lack of the effective early diagnosis for HCC,
the prognosis of HCC patients is still unsatisfying. Thus, it
is of great importance to identify novel molecules and
functional pathways associated with the pathophysiology.
In this study, we used the GSE33294 datasets to perform
the integrative bioinformatics analysis. Chan et al,'' first
generated the GSE33294 dataset and found that differen-
tially expressed adenosine deAminase that act on RNA
(ADAR) family members have great prognostic value
and diagnostic potential for HCC."' However, other differ-
ential genes in the datasets were not further explored. In
the present study, we compared the non-tumor group and
HCC group and identified 2,334 differentially expressed
genes using the GREIN online analysis tool. Further GO,
KEGG pathways and GSEA analysis revealed that several
key genes may be associated with cell division and cell
cycle regulation, which may contribute to proliferative
capacity of the HCC cells. In the overall survival analysis,
we found that the MCM family members were signifi-
cantly associated with overall survival of the patients.
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MCM2, MCM3, MCM4, MCM6, and MCM7) in the patients with HCC by using the

submit your manuscript

9616

Dove

Cancer Management and Research 2020:12


http://www.dovepress.com
http://www.dovepress.com

Dove Wan et al
N X
X &
N NI
A B S8 C R
c RS,
£ 5 smmc7721 ¥ @ 5 HCC-LM3 R
ge 2 2 & o 815 MCM10 - S s
: i : - :
Ze wx 5 MCM10 8 B-actin | ——
<
Z g . £ 10
E 4 . nE: p-actin --- nE:
= o =]
§ 2 g £ o5
3 g g
2 [ [
g0 & NI 3 £ oo
oy %“Qo s«d\« & & > & & o Y & S
& <& ® & & ® & S
S S S B
SMMC7721 « sinc HCC-LM3 SMMC7721 HCC-LM3
207 -+ siNC 15 MO 215 215
- si-MCM10#1 = siMcmio2 1 3 8 8
E.s si-MCMHOR2 3 E s g 2
S = =
§ P §1o / : ] 1.0 . ] 1.0
g 1.0 . %* 9 2 %, 2 k. *
E / H 3 05 i// * a os - T 3 o5 —— ——
Zos a e e
o o 5 5
o 0.0 & 00 & 00
1 2 3 4 1 2 3 4 N & o N &
Time (d) Time (d) & &8 S & @»55“ S
5 S ¢ S
B B & &
H SMMC7721 I HCC-LM3
2 30 2 30
‘E T 'é * *%*
g
L * L]
% 20 _* S 20 T T
8 8
g g
S 1.0 S 10
H H
5 5
[ o
® 00 . - @ 00 . .
& & S & & &
& N N & ® N
© ¢ © ¢

Figure 6 Knockdown of MCMI0 suppressed HCC cell proliferation and increased caspase-3 activity. (A) The mRNA and protein expression levels of MCMI0 in different
cell lines. (B) MCM10 mRNA and protein expression levels in SMMC7721 cells after MCM10 siRNAs transfection or scrambled siRNA transfection. (C) MCM10 mRNA and
protein expression levels in HCC-LM3 cells after MCM10 siRNAs transfection or scrambled siRNA transfection. (D and E) Cell proliferation as determined by CCK-8 assay
in SMMC7721 and HCC-LM3 cells after MCM10 siRNAs transfection or scrambled siRNA transfection. (F and G) Cell proliferation as determined by BrdU incorporation
assay in SMMC7721 and HCC-LM3 cells after MCM10 siRNAs transfection or scrambled siRNA transfection. (H and 1) Caspase-3 activity in SMMC7721 and HCC-LM3 cells
after MCMI0 siRNAs transfection or scrambled siRNA transfection. N = 3. *P < 0.05, **P < 0.01 and ***P < 0.00| compared to control groups.

Validation studies further identified that MCM10 may be
a novel gene that contributes to the pathophysiology
of HCC.

Up to date, thousands of microarrays related to HCC
have been performed according to the GEO datasets
results. Various hub genes with potential diagnostic and
prognostic values for HCC have been identified across
different studies. Want et al,'® analyzed two datasets
(GSE 94,508 and GSE 97332) and found that up-
regulation of hsa circ_ 0000517 predicts poor prognosis
of HCC patients.'® Zhang et al,'’ analyzed the GSE
36376 datasets and revealed that carbonic anhydrase II
was associated with the clinicopathological characteristics
of HCC patients.'” In this study, the GO enrichment and
GSEA analysis of DEGs results showed that the DEGs
were closely associated with cell cycle regulation, cell
division as well as DNA replication; consistently, the

KEGG analysis also showed that the top enriched pathway
was related to cell cycle. Indeed, studies have shown that
aberrant cell cycle, division and DNA replication are
important indicators for the aggressiveness of the cancer
cells."® According to the GO analysis, a total of 19 genes
were enriched in these biological processes. The 19 genes
were further used to perform the overall survival analysis
of HCC patients, and all these genes were associated with
the overall survival of these patients.

Among these 19 genes, we focused on the MCM
family members, as they have been found to play impor-
tant roles in regulating the tumorigenesis. Previous studies
have found that MCM2, MCM3, MCM4, MCM6, MCM7,
MCMS, and MCM10 were all up-regulated in the HCC
tissues compared to matched non-tumor tissues.'” MCM2,
MCM?7, and MCM6 could predict the poorer survival of
the HCC patients.'® Knockdown of MCM6 suppressed the
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S/G2-phase progress in HCC cells."® By using bioinfor-
matics analysis, MCM3 was identified as a key predictor
for poor survival of HCC patients.?>*' Overexpression of
MCM3 promoted HCC radio-resistance by activating the
NF-kB pathway.”” Survival analysis in the GSE14520
cohort suggested that expression of MCM4 was signifi-
associated with HBV-related HCC
survival.”® Xiong et al, performed the high throughput

cantly overall
circRNA sequencing analysis and found that MCMS8 was
associated with the clinical outcomes of HCC patients.
Though MCM10 was found to be up-regulated in the
HCC tissues as revealed in the previous literatures, the
prognostic role of MCM10 in HCC has not been revealed.
In the present study, we identified that high expression of
MCMI10 was associated with poor overall survival of
patients with HCC based on the bioinformatics analysis.
However, more clinical data should be collected to confirm
the prognostic role of MCM10 in HCC patients. Moreover,
the molecular biological functions of MCM10 in HCC has
not been identified. As such, we further chose MCM10 in
the subsequent validation studies.

The validation results showed that MCM10 was up-
regulated in the HCC cell lines, suggesting that MCM10
may be an oncogene in HCC. In fact, MCM10 has been
identified as an oncogene in other types of cancers. Yang
and Wang,** showed that MCM10 promoted the invaded/
migrated potentials of breast cancer cells via Wnt/p-
catenin signaling.* MCM10 can act as an oncogene to
promote cell proliferation of prostate cancer.”
Consistently, our results showed that MCM10 knockdown
suppressed cell proliferation and increased the caspase-3
activity of the HCC cells, suggesting that MCM 10 may act
as an oncogene to promote HCC cell progression.

In summary, the comprehensive bioinformatics analy-
sis identified several key genes that were associated with
the prognosis of HCC patients. The validation study
results indicated that MCM10 may be an important pre-
dictor for poorer prognosis of patients with HCC and may
act as an oncogene to promote HCC cell progression.
However, further studies are required to decipher the
mechanistic role of MCMI10 in the pathophysiology
of HCC.
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