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Abstract. - OBJECTIVE: The competing en-
dogenous RNA (ceRNA) presents a comprehen-
sive regulatory network among IncRNAs, miR-
NAs and mRNA. The ceRNA provides signifi-
cant information in understanding the patholo-
gy of cancer. This study aimed to explore a In-
cRNA-associated ceRNA network for predicting
the overall survival of patients with hepatocel-
lular carcinoma (HCC).

MATERIALS AND METHODS: In this study,
RNA-sequencing data of HCC were downloaded
from The Cancer Genomes Atlas (TCGA) data-
base. The module-trait relationship was analyzed
with Weighted gene co-expression network anal-
ysis (WGCNA). The key module associated with
tumor was identified, as well as the involved
IncRNAs, mRNAs and miRNAs. The preliminary
ceRNA network was constructed with Cytoscape.
The survival analysis was further performed to
screen survival-relevant IncRNAs, mRNAs and
miRNAs, and then the survival-associated ceR-
NA network was reconstructed.

RESULTS: Eventually, 5 IncRNAs, 10 miRNAs,
and 25 mRNAs were included in the reconstruct-
ed ceRNA network.

CONCLUSIONS: The identified IncRNAs were
promising candidate biomarkers in HCC diagno-
sis and therapeutics. This analysis process was
effective to construct ceRNA network. The re-
sult will be conductive to explore the significant
IncRNAs and regulatory mechanism.
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Introduction

Hepatocellular carcinoma (HCC) has been a
public health issue for both developed and devel-
oping countries, leading to heavy economic and
social burden. World Health Organization report-
ed that the HCC had resulted in approximately
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6% of cancer incidence and 9% of cancer mor-
tality in the worldwide'. In the Western countries,
there were more than 1,000,000 HCC associated
death each year. HCC has also been a health crisis
in China, which was 4" most common and the 3"
most lethal cancer’*.

The etiology of HCC has been explored and
the risk factors for developing HCC have been
similar, including chronic infections of hepatitis
B and hepatitis C viruses, alcohol uptake, drug
abuse, and aflatoxins exposure®. The viral hepa-
titis has been a known cause of HCC, which has
been mitigated by hepatitis B vaccination and
hepatitis C treatment®. However, Dimitroulis
et al’ have revealed that, the non-alcoholic fatty
liver diseases and nonalcoholic steatohepatitis
may become the new leading cause of HCC in-
stead of virus infection?. The metabolic disorders
due to the obesity and diabetes may be the next
leading risk factors for HCC®’. Raoul et al® have
summarized the management strategies of HCC:
prevention, screening, and treatment. Developing
novel strategies for diagnosis, intervention and
treatment of HCC will be important. However,
the lack of HCC-specific biomarkers hindered the
early diagnosis and timely monitor of treatment
outcomes”'”.

LncRNA has been considered as a linkage
between RNA and cancer, since its specific roles
in biological processes. LncRNA has been found
as critical regulator in various fields of biology. It
was involved in comprehensive interactions with
miRNA, mRNA and protein. LncRNAs dysregu-
lation may be associated with tumorigenesis and
metastasis; thus, IncRNAs serve as promising tar-
gets as cancer-related biomarkers'.

With the advances of RNA microarrays and
sequencing technology, the expression profile
of IncRNAs has been described. The roles of
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IncRNAs in various cancers have also been re-
vealed. Many studies have reported the theoret-
ical and experimental verification of IncRNAs in
HCC"", The roles of IncRNAs in HCC have been
summarized in a critical review, and their poten-
tial clinical applications as biomarkers for the di-
agnosis, prognosis, monitor and therapy of HCC
have been discussed'?.

Bioinformatic analysis has been a good tool
to preliminarily screen the candidate biomarkers
in the massive RNA-sequencing data. In a study
on recurrently deregulated IncRNAs of HCC14,
8,003 candidate IncRNAs were identified from
the RNA-sequencing data from 10 HCC pa-
tients. The expression profile of 917 recurrently
deregulated IncRNAs were associated with clin-
ical traits. Then, based on the array data corre-
sponding to 60 samples, copy number variations
and DNA methylation alterations were analyzed.
The recurrent deregulation of 235 IncRNAs were
obtained. Recurrently deregulated IncRNAs en-
richment analysis showed its co-expressed clus-
ters of genes related to cell adhesion, immune re-
sponse and metabolic processes. These identified
IncRNAs may be valuable resource for exploring
cancer associated biomarkers.

The competing endogenous RNA (ceRNA) ex-
hibits comprehensive regulatory network among
IncRNAs, miRNAs and mRNA, providing signif-
icant information in understanding pathology of
cancer>'®, In this study, the HCC associated data
was downloaded from The Cancer Genomes At-
las (TCGA) database. The Weighted gene co-ex-
pression network analysis (WGCNA) was per-
formed to explore the module-trait relationships
of IncRNAs and mRNAs, as well as identifying
the key modules and involved IncRNAs, mRNAs
and miRNAs. Then, the primary ceRNA network
was constructed with Cytoscape software based
on above candidates. The survival analysis was
further performed to screen survival related In-
cRNAs, mRNAs, and miRNAs for reconstructing
survival-associated ceRNA network. Finally, five
HCC survival associated IncRNAs were obtained.
They may be promising candidates for further ver-
ification as survival associated biomarkers in HCC.

Material and Methods

Data Resource

The dataset of HCC was downloaded from
TCGA database (https:/portal.gdc.cancer.gov/),
including the expression profile of IncRNA and
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mRNA, clinical information of 50 normal cases
and 374 HCC cases. The Fragments Per Kilobase
Million (FPKM) data were utilized and the genes
with mean FPKM of “0” was excluded. A total of
13585 IncRNAs and 19474 mRNAs were includ-
ed in the analysis. The miRNAs of involved In-
cRNAs were predicted in miRcode (http:/www.
mircode.org/).

WGCNA Construction

The 4528 IncRNAs with the top variance of
1/3 and 4869 mRNA with top variance of 1/4 were
identified with function in R. These IncRNAs and
mRNAs were utilized to construct a gene co-ex-
pression network with the package WGCNA con-
ducted in R. Firstly, scale-free network was con-
structed and the soft-thresholding power () was
determined as 7 in the IncRNAs/mRNAs WGC-
NA. The successful construction of scale-free net-
work was verified with k histogram and scale-free
topology. Secondly, the clustering dendrogram
of IncRNAs and mRNAs was drawn by function
helust for module determination. The Dynamic
Tree Cut method was applied to obtain modules.
The height cut-off was set as 0.25, modules were
merged together if their similarity was > 0.75. The
correlations between module eigengenes and clin-
ical traits were analyzed and compared in both
tumor and non-tumor cases. Pearson’s correlation
coefficient (PCC) was calculated for each pair of
mRNAs and IncRNAs. The p-values < 0.05 rep-
resent statistical significance. Key module was se-
lected. The IncRNAs and mRNAs involved in the
key modules were considered to be highly inter-
connected. A total of 315 IncRNAs and 1103 mR-
NAs were identified from the key module.

Construction of CeRNA Network

For the IncRNA, the 315 IncRNAs included
in the key module were included for constructing
ceRNA network. For the miRNA, the target miR-
NAs were predicted based on the target IncRNA on
the miRcode database (http:/www.mircode.org/).
The 1098 IncRNA-miRNA pairs were identified.
For the mRNA, the target mRNAs were predict-
ed on miRDB (http:/www.mirdb.org/miRDB/),
miRTarBase (http:/mirta rbase.mbc.nctu.edu.tw),
TargetScan (http:/www.targe tscan.org/) databas-
es for finding the shared target mRNAs. Final-
ly, the intersected mRNA with those included in
key module were included for the construction of
ceRNA network. Finally, the construction of In-
cRNA-miRNA-mRNA ceRNA network was per-
formed with Cytoscape 3.7.0 software.
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Survival Analysis

The survival analysis of IncRNA was per-
formed with R survival package. The survival
curve of all IncRNAs included in the primary
ceRNA network was plotted. The survival anal-
ysis of mRNA and miRNA was performed with
KM plotter (http://www.kmplot.com/). The p-val-
ues < 0.05 represented statistical significance. The
significant survival-associated IncRNAs, mR-
NAs and miRNAs were screened and applied for
reconstructing survival-associated IncRNA-miR-
NA-mRNA ceRNA network.

Gene-Set Enrichment
Analysis

The gene-set enrichment analysis of screened
IncRNAs was implemented with GSEA 4.0.1,
with the gene expression profile of 374 HCC cas-
es. The h.all.v7.0.symbols.gmt was adopted as
background gene-set. The top three results with
the highest NES scores were presented.

Results

Data Process (Figure 1)

Expression data (FPKM) of IncRNAs and mR-
NAs of 374 HCC cases and 50 normal cases were
downloaded from TCGA database. A total of 13585
IncRNAs and 19474 mRNAs were identified. The
mRNA and IncRNA were ranked from largest to
smallest based on their sum of expression quantity.
The 4528 IncRNAs with the top 1/3 variance and
4869 mRNA with top 1/4 variance were identified
and included for subsequent analysis.

WGCNA and Key Module

The expression profiles of 4528 IncRNAs and
4869 mRNAs were included for the construction of
co-expression network via the package WGCNA
in R. The scale-free network was optimized and
the soft-threshold power () value was determined
as 7 (Figure 2A). The scale-free topology was plot-
ted, with R?=0.92 and slope=-1.56 (Figure 2B).

FPKM dataset downloaded from TCGA database

v

WGCNA of IncRNA and mRNA ‘

Clustering dendrograml

key module: Module-Trait

\

IncRNA
miRNA:
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v
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mRNA

!
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miRDB, miRTarBase and TargetScan

KM survival analysisL
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'

rebuilding ceRNA with Cytoscape

I

GO and KEGG enrichment analysis

Figure 1. These figures are related to the female patient with uterine leiomyosarcoma pre-sacrum metastasis. A, and B, show
an example of a patient-specific plan prepared before ECT procedure based on cross-sectional 2DCT images orthogonal to
electrodes access route. C, shows the patient in interventional operatory room with needle electrodes percutaneous inserted
into the pelvis, site of the lesion. D, represents two needle electrodes inserted into the target. Figure 1. The analysis process.
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Figure 2. A, Soft-thresholding powers (f) in the IncRNAs/mRNAs WGCNA. Right: Analysis of the mean connectivity for
different . B, The verification of constructed scale-free network. R2=0.92. slope=-1.56.

The co-expression modules were then generat-
ed with Dynamic tree cutting. The parameter was
set as 0.25 to merge closely associated modules
into one. A total of 25 modules were produced
in the IncRNAs/mRNAs co-expression network
(Figure 3A). The relationship between each mod-
ule and clinical trait was presented and PCC was
calculated (Figure 3B). It observed that the brown
module showed the highest PCC of 0.48, which
was the most significant tumor-associated module
(p < 0.05). In the brown module, 315 IncRNAs
and 1103 mRNAs were included.

CeRNA

Firstly, the miRNA corresponding to the 315
IncRNAs was predicted with miRcode database.
A total of 1098 IncRNA-miRNA pairs contained
315 IncRNAs and 201 miRNAs were included.
The mRNAs were further screened with above
identified miRNAs from three databases, which
were TargetScan, miRDB and miRTarBase. It ob-
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tained 1935 miRNA-mRNA pairs contained 43
miRNAs and 1270 mRNAs. Then, the predict-
ed mRNA was matched with the mRNAs in the
brown module, and 42 intersected mRNAs were
finally included. According to above results, In-
cRNA-miRNA-mRNA ceRNA network was con-
structed using Cytoscape software, including 18
IncRNAs, 21 miRNAs and 42 mRNAs (Figure 4).

Survival Analysis

The survival analysis of the 18 IncRNAs, 21 miR-
NAs and 42 mRNAs involved in the IncRNA-miR-
NA-mRNA ceRNA network was performed. The
survival analysis of IncRNA was conducted with R
survival package. The survival analysis of mRNA
and miRNA was performed with KM plotter (http:/
www.kmplot.com/). The p < 0.05 represented sta-
tistical significance. Finally, there were 6 IncRNAs,
10 miRNAs and 25 mRNAs showed significance in
survival analysis, indicating that they were surviv-
al-associated targets (Figure 5).
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Cluster Dendrogram

Oynamic Tree Cut

Figure 3. A, Clustering dendrogram of IncRNAs and mRNAs. Both the original and merged modules were presented. B,
Module-trait relationship of IncRNAs and mRNAs were evaluated by correlations between module eigengenes (ME) and
clinical traits. Note: Each row indicated to one ME and each column indicated one trait. Each cell contained corresponding
correlation and p-value (in parentheses). The p<0.05 indicated statistical significance.

Figure 4. Primary ceRNA constructed with included IncRNA, mRNA and miRNA. Notes: Red diamond denoted IncRNA,
green triangle represented miRNA, and blue cycle represents mRNA.
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Figure 5. Kaplan-Meier survival analysis of IncRNA, miRNA and mRNA. The p<0.05 indicated statistical significance.
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Survival-Associated CeRNA Network

With the 6 IncRNAs, 10 miRNAs and 25 mR-
NAs associated with survival, the ceRNA net-
work was reconstructed with Cytoscape software.
In the reconstructed ceRNA network, 5 IncRNAs,
10 miRNAs and 18 mRNAs were included (Fig-
ure 6).

The Screened LncRNA and Gene-Set
Enrichment Analysis

The expression levels of 5 screened IncRNAs
were analyzed, which were LINC00261, MY LK-
AS1, SNHGI12, SNHG3 and SNHG7. The re-
sults indicated that lower expression level of
LINCO00261, higher expression levels of MYLK-
AS1, SNHG12, SNHG3 and SNHG7 were ob-
served in HCC cases, compared to that of normal
cases (Figure 7). It may suggest that LINC00261
was negatively associated with survival of tu-
mor, while MYLK-ASI, SNHG12, SNHG3 and
SNHG7 was positively associated with survival
of HCC. To explore the potential biological func-
tions of IncRNAs, functional enrichment analysis
was performed with GSEA. For each IncRNA,
three most enriched terms were presented (Figure
8). For LINCO00261, the enriched hallmarks were
bile acid metabolism, xenobiotic metabolism and
peroxisome. For MYLK-AS1, SNHG12, SNHG7

and SNHG3, the enriched hallmarks were DNA
repair, Myc targets V1 and Myc targets V2. The
metabolite associated pathway dominated.

Discussion

The ceRNA hypothesis proposed that there
was a comprehensive ceRNA regulatory network
across the transcriptome, consist of miRNAs, mR-
NAs and IncRNAs. The ceRNA was able to reg-
ulate other RNA transcripts at post-transcription
level by competing for shared miRNA. Thus, the
genetic functions can be expanded to make critical
effects in various biological processes'®. The roles
of ceRNA network have been intensively explored.
The dysregulated ceRNA network was proved to
link with various diseases, including cancer. It may
be applied as diagnostic biomarkers or therapeutic
targets'®!”. Several studies have been performed
on the regulatory effects of ceRNA in normal and
pathological conditions of patients with cancers.
However, the understanding of ceRNA regulatory
network remained limited'®.

Bioinformatic analysis of RNA-sequencing data
has been powerful and effective tool for construct-
ing ceRNA, exploring significant biomarkers, and
understanding the potential regulatory mechanism.
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Figure 6. Reconstructed ceRNA regulatory network with survival-associated IncRNAs, miRNAs and mRNAs.
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Figure 7. A, The differential expression of screened IncRNAs and (B) heatmap.

In this study, RNA-sequencing data were down-
loaded from TCGA database, and WGCNA was
applied to identify the key module significantly re-
lated to HCC. Then, based on the IncRNA, miRNA
and mRNA involved in the key module, the ceRNA
network was constructed. The survival analysis was
subsequently performed on all IncRNA, miRNA
and mRNA identified with the constructed ceRNA
network. The survival-associated indicators were
identified and then applied for reconstructing sur-
vival-associated ceRNA network. Finally, potential
prognostic IncRNAs were screened, as well as the
underlining regulatory mechanism.

LncRNA has been considered as promising
biomarker for HCC, either diagnosis or prognostic
prediction’®. Several IncRNAs were determined
resulted from the advance of sequencing tech-
nology. Their functions in the tumorigenesis and
development of human HCC were also explored.
The identified HCC-related IncRNAs included
HULC, HOTAIR, MALATI and H19'2. The In-
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cRNA HULC has been proved to trigger auto-
phagy via interacting with Sirtl and attenuated
the chemosensitivity of HCC cells". The upreg-
ulation of IncRNA-UCA1 was proved to promote
HCC progression via suppressing miR-216b and
activating FGFR1/ERK signaling pathway". Sim-
ilarly, IncRNA CRNDE inhibited miR-384 thus
promoting proliferation, migration and invasion
of HCC cells®. Based on the RNA-sequencing
data from 20 HCC patients, 917 recurrently de-
regulated IncRNAs of 8,603 candidate IncRNAs
were observed to correlate with clinical data.
There were 235 recurrent deregulation IncRNAs
with copy number variations and DNA methyla-
tion alterations. Above identified IncRNAs may
be the resource for further theoretical and ex-
perimental verification'*. A better understanding
of the function mechanism in IncRNAs will as-
sist in IncRNA-targeted therapies. In our analy-
sis, we determined five IncRNAs, which were
LINC00261, MYLK-ASI, SNHG12, SNHG3 and
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Figure 8. The gene-set enrichment analysis of screened IncRNAs.

SNHG7. The results indicated that lower expres-
sion level of LINC00261, higher expression levels
of MYLK-ASI, SNHGI12, SNHG3 and SNHG7
were observed in tumor cases, compared to those
of in normal cases.

LINC00261 was a IncRNA with tumor in-
hibitory effects, which was downregulated in
various cancers. Proliferation, migration, and in-
vasion of cancer cells would be suppressed with
overexpressed LINC00261. In several bioinfor-
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matic analysis, LINC00261 has been identified
as survival-associated IncRNA included in the
constructed ceRNA network?. The association
between survival outcome and IncRNA expres-
sion was analyzed with univariate and multivar-
iate Cox proportional hazards regression analyses
in HCC, in which LINC00261 was identified to
be significantly correlated with overall surviv-
al?2. The roles of LINC00261 in HCC were only
reported in a few studies, and upregulation of
LINCO00261 significantly inhibited Notch signal-
ing by downregulating Notchl and Hes-1 expres-
sion in HCC cells®. Consistent with above result,
our study suggested that the lower expression of
LINCO00261 was associated with HCC compared
to that of in normal cases.

Besides of bioinformatic analysis, the ef-
fects of LINCO00261 in cancers were also proved
with experimental data. The downregulation of
LINC00261 was observed in endometrial car-
cinoma. LINC00261 upregulated the levels of
FOXO1 protein via inhibiting FOXOl-targeted
miRNAs. Then, the proliferation, migration, and
invasion of endometrial carcinoma cells could be
suppressed?'. High level of LINC00261 in chol-
angiocarcinoma indicated a poor prognosis, and
promoted a metastasis via EMT process*. In
addition, LINC00261 was reported to improve
chemosensitivity of human colon cancer cells®.
LINCO00261 suppressed non-small cell lung can-
cer (NSCLC) cells progression via sponging miR-
522-3p and inhibiting Wnt signaling?. The effects
of LINC00261 could be further verified both in
vitro and in vivo.

MYLK-ASI (short for MYLK antisense RNA
1) was reported to be involved in the ceRNA
regulatory network of HCC, which was associ-
ated with the survival rate of HCC patients??.
In another bioinformatic analysis, the MYLK-
AS1 was screened and included in the IncRNA
expression-based risk score system for overall
survival, which can effectively predict the surviv-
al of HCC patients®®. MYLK-AS1 was reported
to make effects in other cancers, including co-
lon cancer and gastric cancer. In colon cancer,
the IncRNA-IncRNA pairs were identified to
make synergistic effects, including BVES-ASI/
MYLK-ASI, ADAMTS9-ASI/MYLK-AS] and
FENDRR/MYLK-ASI. These IncRNAs were in-
cluded in the signature for predicting prognosis®.
The IncRNA and mRNA expression profiles cor-
related to gastric cancer with or without lymph
node-metastasis was determined and MY LK-ASI
was validated to be downregulated compared to
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those without lymph node metastasis and normal
samples®. It is worth noting that MYLK-ASI
may play various roles in different cancers. Dif-
ferent from the results obtained in gastric cancer,
MYLK-ASI was up-regulated in HCC relative to
that of normal cases. The upregulation was also
observed in previous studies on HCC*"%8,

LncRNAs encoded small nucleolar RNAs was
named small nucleolar RNA host genes (SNHGs),
which made comprehensive effects on cellular
processes. In a bioinformatic analysis for explor-
ing the prognostic value of the SNHGs in HCC,
SNHG1, GASS5, SNHG3-7 and SNHG10-12 were
identified as significantly upregulated SNHGs
in HCC specimens relative to normal controls®.
Similarly, our results observed that the higher ex-
pression of SNHG12, SNHG3 and SNHG7 was
correlated with the HCC. These SNHGs were in-
tensively explored as star molecules, both in HCC
and other cancers, which would be demonstrated
in detail.

SNHGI12 has been reported as a promising ther-
apeutic target and biomarker for human cancers®.
The experimental results indicated that SNHG12
was significantly upregulated in the HCC tissues
than that of in normal control. SNHG12 would
directly bind to miR-199a/b-5p as an endogenous
sponge. The expression of MLK3 can be regulat-
ed thus affecting the NF-xB pathway*. SNHG12
also participated in tumorigenesis, progression
and metastasis of other cancers, including glio-
ma, osteosarcoma**, nasopharyngeal carcinoma®,
NSCLC?® and bladder cancer’’. Several miRNAs
and signaling pathways were involved, support-
ing that SNHGI2 may be a multi-functional In-
cRNAs playing various roles in various biologi-
cal processes. So, SNHGI12 also made effects on
chemoresistance. LncRNA SNHGI2 contributed
to multi-drug resistance by activating the MAPK/
Slug pathway by sponging miR-181a in NSCLC.
It may be a therapeutic target™. All these results
proved SNHGI12 a promising prognostic biomark-
er and therapeutic target worthy of further explo-
ration.

Similar to SNHG12, SNHG3 was also fre-
quently reported in HCC?. The expression of
SNHG3 and its clinical significance in HCC has
been verified. The results derived from 51 HCC
clinical specimens indicated that the expression
level of SNHG3 was significantly upregulated
relative to normal control®. It observed signif-
icant correlations between SNHG3 expression
and some clinical features, including tumor size,
portal vein tumor thrombus and relapse. In short,
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high SNHG3 level was markedly associated with
overall survival, recurrence-free survival and dis-
ease-free survival. Increased SNHG3 expression
could be an independent prognostic indicator for
malignant status and poor prognosis in HCC pa-
tients®. The regulatory mechanism of SNHG3
was also investigated. HCC progression could be
promoted by SNHG3 via the miR-326/SMAD3/
ZEBI signaling pathway*’. Cell proliferation, mi-
gration, and invasion of HCC could be stimulated
via SNHG3/miR-139-5p/BMI1 axis*. In addition,
SNHG3 overexpression induced HCC cells EMT
via miR-128/CD151 cascade activation, which
was associated with poor chemotherapy response
and HCC survival*®. The roles of SNHG3 in oth-
er cancers were also reported. Similar to HCC,
SNHG3 promoted malignant development of col-
orectal cancer and proliferation of lung adenocar-
cinoma®*,

SNHG7 was also intensively studied as one
of the most promising SNHGs with prognostic
significance in HCC. The expression of SNHG7
was significantly upregulated in HCC specimens
relative to normal control®!, and the upregulation
of SNHG7 was correlated with higher grade of
HCC®. SNHG7 was reported to participate in
HCC metastasis. The result of loss-of-function
assays confirmed that HCC cells invasion would
be impaired with the knockdown of SNHG7*. In
short, the elevated expression of SNHG7 indi-
cated poor prognosis of HCC. From the cellular
level, SNHG7 promoted HCC cell proliferation,
migration and invasion via regulating the levels of
miR-122-5p and RPL4*. SNHG7 could promote
proliferation and metastasis of HCC cell in vitro
and in vivo, as miR-425 sponge via Wnt/p-cat-
enin/EMT pathway*. Similar to other SNHGs,
SNHG?7 also stimulated the tumor progression in
other cancers, such as gastric cancer, osteosarco-
ma, glioblastoma, colorectal cancer”” and pancre-
atic cancer?’.

The bioinformatic analysis of ceRNA regu-
latory network provided new candidate markers
and useful information to understand the molecu-
lar mechanism in HCC. It also facilitated innova-
tive applications in HCC diagnosis and treatment.

Based on the consequences of GSEA, the reg-
ulatory mechanism of involved IncRNAs in HCC
development and progression can be further re-
vealed. Some liver function related hallmarks
were enriched, including bile acid metabolism,
xenobiotic metabolism and peroxisome. For the
snoRNAs, the most enriched hallmarks were
DNA repair, Myc targets V1 and Myc targets V2.

From these cues obtained from enrichment, we
could further explore the clinical significance of
these IncRNAs in the future.

Conclusions

WGCNA was performed to explore the mod-
ule-trait relationship of IncRNAs and mRNAs, as
well as identifying the key module and involved
IncRNAs, mRNAs and miRNAs. Two rounds of
ceRNA network were successfully constructed
for further screening the survival associated In-
cRNAs, mRNAs and miRNAs included in regu-
latory network. Five HCC survival associated In-
cRNAs were obtained, which have been proved to
be promising biomarkers in HCC diagnosis. The
analysis process was effective to find significant
IncRNAs and the constructed ceRNA network was
assistive for exploring the regulatory mechanism.

Conflict of Interests

The authors declare that they have no conflicts of interest
in this work.

References

1) Niw J, LN Y, Guo Z, Niw M, Su C. The Epidemi-
ological investigation on the risk factors of he-
patocellular carcinoma: a case--control study in
Southeast China. Medicine 2016; 95: e2758.

2) Dimitrouuis D, Damaskos C, Vaisami S, Davakis S,
GArMPIS N, SPARTALIS E, ATHANASIOU A, Moris D, SAKEL-
LArRiou S, Kykatos S. From diagnosis to treatment of
hepatocellular carcinoma: An epidemic problem
for both developed and developing world. World
J Gastroenterol 2017; 23: 5282-5294.

3) Oraanizarion W H. GLOBOCAN 2012: Estimat-
ed cancer incidence, mortality and prevalence
worldwide in 2012. 2014.

4) Xie DY, Ren ZG, ZHou J, Fan J, Gao Q. Critical ap-
praisal of Chinese 2017 guideline on the manage-
ment of hepatocellular carcinoma. Hepatobiliary
Surg Nutr 2017; 6: 387-396.

5) BrAR G, McNEeeL T, McGuynN K, GrausarD B, Frou-
pAs C S, Moretti M P, Xie C, GReTeN TF, ALTEKRUSE
S. Hepatocellular carcinoma (HCC) survival by
etiology: a SEER-Medicare database analysis. J
Clin Oncol 2019; 37: 201-201.

6) Yu MW, Lin CL, Liu CJ, YanG SH, Tsenc YL, Wu CF.
Influence of metabolic risk factors on risk of he-
patocellular carcinoma and liver-related death in
men with chronic hepatitis B: a large cohort study.
Gastroenterology 2017; 153: 1006-1017.



D.-H. Liu, S.-L. Wang, Y. Hua, G.-D. Shi, J.-H. Qiao, H. Wei

7) FuswarAa N, FRIEDMAN S L, Goossens N, HosHIDA Y.
Risk factors and prevention of hepatocellular car-
cinoma in the era of precision medicine. J Hepatol
2018; 68: 526-549.

8) RaouL JL, Giasert M. Hepatocellular carcinoma:
slow progress in a booming epidemic. J Oncol
Pract 2017; 13: 365-366.

9) Wu J. The changing epidemiology of hepatocel-
lular carcinoma in Asia versus United States and
Europe. Adv Mod Oncol Res 2017; 3: 51-58.

10) GHourl YA, Mian |, Rowe JH. Review of hepato-
cellular carcinoma: epidemiology, etiology, and
carcinogenesis. J Carcinog 2017; 16: 1.

11) Yang G, Lu X, Yuan L. LncRNA: a link between
RNA and cancer. Biochim Biophys Acta 2014;
1839: 1097-1109.

12) i C, CHeN J, ZHanG K, FEnG B, WANG R, CHEN
L. Progress and prospects of long noncoding
RNAs (IncRNAs) in hepatocellular carcinoma.
Cell Physiol Biochem 2015; 36: 423-434.

13) XionGg H, Ni Z, He J, JianGg S, Li X, Gong W, ZHENG
L, CHen S, Li B, ZHanG N. LncRNA HULC triggers
autophagy via stabilizing Sirt1 and attenuates the
chemosensitivity of HCC cells. Oncogene 2017;
36: 3528-3540.

14) YANG Y, CHEN L, Gu J, ZHANG H, Yuan J, Lian Q, Lv
G, WaANG S, WU Y, YanG Y-C T, WanG D, Liu Y, TANG
J, Luo G, LY, Hu L, Sun X, WanG D, Guo M, Xi Q,
X1 J, WanG H, ZHang MQ, Lu ZJ. Recurrently de-
regulated IncRNAs in hepatocellular carcinoma.
Nat Commun 2017; 8: 14421.

15) SALMENA L, Pouiseno L, TAv Y, Kats L, PanpoLri P P. A
ceRNA hypothesis: the Rosetta Stone of a hidden
RNA language?. Cell 2011; 146: 353-358.

16) Qi X, ZHang DH, Wu N, Xiao JH, WanG X, Ma W.
CeRNA in cancer: possible functions and clinical
implications. J Med Genet 2015; 52: 710-718.

17) KarretH FA, PanpoLri PP. CeRNA cross-talk in
cancer: when ce-bling rivalries go awry. Cancer
Discov 2013; 3: 1113-1121.

18) ZHou M, WANG X, SHI H, CHENG L, WANG Z, ZHAo H,
YanG L, Sun J. Characterization of long non-coding
RNA-associated ceRNA network to reveal po-
tential prognostic IncRNA biomarkers in human
ovarian cancer. Oncotarget 2016; 7: 12598.

19) WanG F, Ying HQ, He BS, Pan YQ, Deng QW,
Sun HL, Chen J, Liu X, Wang SK. Upregulat-
ed IncRNA-UCA1 contributes to progression of
hepatocellular carcinoma through inhibition of
miR-216b and activation of FGFR1/ERK signaling
pathway. Oncotarget 2015; 6: 7899.

20) CHEN Z, Yu C, ZHAN L, PaN Y, CHEn L, Sun C. Ln-
cRNA CRNDE promotes hepatic carcinoma cell
proliferation, migration and invasion by suppress-
ing miR-384. Am J Cancer Res 2016; 6: 2299.

21) Fang Q, Sang L, Du S. Long noncoding RNA
LINC00261 regulates endometrial carcinoma
progression by modulating miRNA/FOXO1 ex-
pression. Cell Biochem Funct 2018; 36: 323-
330.

7632

22) Sui J, Miao Y, HaN J, NAN H, SHEN B, ZHANG X, ZHANG
Y, Wu Y, Wu W, Liu T. Systematic analyses of a
novel IncRNA-associated signature as the prog-
nostic biomarker for Hepatocellular Carcinoma.
Cancer Med 2018; 7: 3240-3256.

23) ZHanG H-F, Li W, Han Y-D. LINC00261 suppresses
cell proliferation, invasion and Notch signaling
pathway in hepatocellular carcinoma. Cancer
Biomark 2018; 21: 575-582.

24) Gao J, QIN W, KanG P, Xu Y, Lenc K, Li Z, Huang L,
Cu'Y, Zrong X. Up-regulated LINC00261 predicts
a poor prognosis and promotes a metastasis by
EMT process in cholangiocarcinoma. Pathol Res
Pract. 2020; 216: 152733.

25) WANG Z, YANG L, Wu L, Mao H, Zrou Y, ZHANG P, Dal
G. Long non-coding RNA LINC00261 sensitizes
human colon cancer cells to cisplatin therapy.
Braz J Med Biol Res 2018; 51: e6793.

26) SHiJ, Ma H, WanG H, Znu W, JianG S, Dou R, Yan B.
Overexpression of LINC00261 inhibits non—small
cell lung cancer cells progression by interacting
with miR-522-3p and suppressing Wnt signaling.
J Cell Biochem 2019; 120: 18378-18387.

27) LN C, YuaN G, Hu Z, Zeng Y, Qu X, Yu H, He S. Bioin-
formatics analysis of the interactions among INcRNA,
miRNA and mRNA expression, genetic mutations
and epigenetic modifications in hepatocellular carci-
noma. Mol Med Rep 2019; 19: 1356-1364.

28) Ye J, ZHANG J, Lv Y, WEI J, SHEN X, HuaNnG J, Wu S,
Luo X. Integrated analysis of a competing endog-
enous RNA network reveals key long noncoding
RNAs as potential prognostic biomarkers for he-
patocellular carcinoma. J Cell Biochem 2019;
120: 13810-13825.

29) XiNG Y, ZHAO Z, ZHU Y, ZHAo L, ZHu A, Piao D. Com-
prehensive analysis of differential expression pro-
files of mMRNAs and IncBRNAs and identification
of a 14-IncRNA prognostic signature for patients
with colon adenocarcinoma. Oncol Rep 2018; 39:
2365-2375.

30) Song W, Liu YY, Peng JJ, Liang HH, CHen HY,
CHen JH, He WI, Xu JB, Cail SR, He YL. Identifica-
tion of differentially expressed signatures of long
non-coding RNAs associated with different meta-
static potentials in gastric cancer. J Gastroenterol
2016; 51: 119-129.

31) ZHu Q, Yang H, CHeng P, Han Q. Bioinformatic
analysis of the prognostic value of the IncRNAs
encoding snoRNAs in hepatocellular carcinoma.
Biofactors 2019; 45: 244-252.

32) TAMANG S, ACHARYA V, Roy D, SHARMA R, ArvAA A,
SHARMA U, KHANDELWAL A, PrakasH H, Vasauez K M,
Jan A. SNHG12: an IncRNA as a potential ther-
apeutic target and biomarker for human cancer.
Front Oncol 2019; 9: 901.

33)Lan T, MA W, HonGg Z, Wu L, CHEN X, Yuan Y.
Long non-coding RNA small nucleolar RNA host
gene 12 (SNHG12) promotes tumorigenesis and
metastasis by targeting miR-199a/b-5p in hepato-
cellular carcinoma. J Exp Clin Cancer Res 2017;
36: 11.



LNcRNAs screened via WGCNA and ceRNA network

34) Zrou S, Yu L, Xiong M, Dar G. LncRNA SNHG12
promotes tumorigenesis and metastasis in os-
teosarcoma by upregulating Notch2 by spong-
ing miR-195-5p. Biochem Biophys Res Commun
2018; 495: 1822-1832.

35) Liu ZB, Tang C, Jn X, Liu SH, Pi W. Increased
expression of IncRNA SNHG12 predicts a poor
prognosis of nasopharyngeal carcinoma and reg-
ulates cell proliferation and metastasis by mod-
ulating Notch signal pathway. Cancer Biomark
2018; 23: 603-613.

36) WANG Y, LIaNG S, Yu Y, SHi Y, ZHEnGg H. Knockdown
of SNHG12 suppresses tumor metastasis and
epithelial-mesenchymal transition via the Slug/
ZEB2 signaling pathway by targeting miR-218 in
NSCLC. Oncol Lett 2019; 17: 2356-2364.

37) JANG B, HAILONG S, YuaN J, ZHAo H, Xia W, ZHA Z, BIN
W, Lu Z. Identification of oncogenic long noncod-
ing RNA SNHG12 and DUXAPS8 in human bladder
cancer through a comprehensive profiling analysis.
Biomed Pharmacother 2018; 108: 500-507.

38) WaANG P, CHEN D, Ma H, Li Y. LncRNA SNHG12
contributes to multidrug resistance through acti-
vating the MAPK/Slug pathway by sponging miR-
181a in non-small cell lung cancer. Oncotarget
2017; 8: 84086.

39) ZnanG T, Cao C, Wu D, Liu L. SNHGS correlates with
malignant status and poor prognosis in hepatocellular
carcinoma. Tumor Biology 2016; 37: 2379-2385.

40) ZHao Q, Wu C, WaNG J, LI X, FaN Y, Gao S, WANG
K. LncRNA SNHG3 promotes hepatocellular tu-
morigenesis by targeting miR-326. Tohoku J Exp
Med 2019; 249: 43-56.

41) Wu J, L L, JN H, Li Q, WanG S, Peng B. LncSN-
HG3/miR-139-5p/BMI1 axis regulates prolifera-
tion, migration, and invasion in hepatocellular
carcinoma. Onco Targets Ther 2019; 12: 6623.

42) ZHaNG PF, WanG F, Wu J, Wu Y, HuanGg W, Liu
D, Huang XY, Zuang XM, Ke AW. LncRNA SN-
HG3 induces EMT and sorafenib resistance
by modulating the miR-128/CD151 pathway in
hepatocellular carcinoma. J Cell Physiol 2019;
234: 2788-2794.

43) Huang W, TiaN Y, DonG S, CHA'Y, Li J, Guo X, Yuan
X. The long non-coding RNA SNHGS3 functions
as a competing endogenous RNA to promote ma-
lignant development of colorectal cancer. Oncol
Rep 2017; 38: 1402-1410.

44) L L, Ni J, He X. Upregulation of the long noncod-
ing RNA SNHG3 promotes lung adenocarcinoma
proliferation. Dis Markers 2018; 2018: 5736716.

45) ZHANG J, Fan D, Jian Z, CHeN GG, Lai P B. Cancer
specific long noncoding RNAs show differential
expression patterns and competing endogenous
RNA potential in hepatocellular carcinoma. PLoS
One 2015; 10.

46) Cui H, ZHANG Y, ZHANG Q, CHEN W, ZHAO H, LIANG J.
A comprehensive genome-wide analysis of long
noncoding RNA expression profile in hepatocel-
lular carcinoma. Cancer Med 2017; 6: 2932-2941.

47) CHenG D, Fan J, MA'Y, ZHou Y, QN K, SHI M, YANG
J. LncRNA SNHG7 promotes pancreatic cancer
proliferation through ID4 by sponging miR-342-
3p. Cell Biosci 2019; 9: 28.

48) Yao X, Liu C, Liu C, Xi W, Sun S, Gao Z. IncRNA
SNHG7 sponges miR-425 to promote prolifera-
tion, migration, and invasion of hepatic carcinoma
cells via Wnt/B-catenin/EMT signalling pathway.
Cell Biochem Funct 2019; 37: 525-533.

49)SHAN Y, MA J, PAN Y, Hu J, Liu B, Jia L. LncRNA
SNHG7 sponges miR-216b to promote prolifer-
ation and liver metastasis of colorectal cancer
through upregulating GALNT1. Cell Death Dis
2018; 9: 722.

7633



