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Abstract

To investigate IncRNAs acting as competing endogenous RNAs (ceRNAs) involved in oncogenesis and progression of HCC.
Different expressed IncRNAs, microRNAs, and mRNAs (DEIncRNAs, DEmiRNAs, DEmRNAs), downloaded from The
Cancer Genome Atlas (TCGA) database, were identified by edgeR package. CeRNA network was constructed based on
miRcode, TargetScan, and miRTarBase. Target DEmRNAs were annotated by KEGG pathway and GO analysis. Negatively
correlated IncRNA-miRNA pairs were analyzed by Pearson correlation coefficient, simultaneously, overall survival (OS)
were evaluated. The expression of these IncRNAs were examined in HCC cell lines and tissues through qRT-PCR. 1070
DEIncRNAs, 147 DEmiRNAs and 1993 DEmRNAs were acquired. CeRNA network was successfully established, includ-
ing 27 IncRNAs, 5 miRNAs, and 30 mRNAs significantly correlated with OS. The DEmRNAs were significantly enriched
in “Cell Cycle” and “pathways in cancer”. Six IncRNAs and 2 miRNAs were negatively correlated. These IncRNAs were
validated by qRT-PCR. These observations will provide a novel perspective to elucidate HCC pathogenesis.
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Introduction

Hepatocellular carcinoma (HCC) has the highest incidence
among all subtypes of liver cancer [1]. In 2018, HCC ranked
as the sixth most common cancer and the fourth leading
cause of cancer related death.[2]. The main risk factors of
HCC are infection by hepatitis B or C virus, cirrhosis, alco-
hol, and metabolic diseases [3—5]. However, the molecular
mechanisms underlying HCC is unclear. Therefore, this
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study aimed to identify novel biomarkers and possible patho-
genesis for HCC.

Accumulating evidence based on next-generation
sequencing suggests that more than three-quarters of genes
are non-coding RNAs, among which microRNAs (miRNAs)
and long non-coding RNAs (IncRNAs) are more studied.
LncRNAs are more than 200 nucleotides in length, and
could be potential biomarkers and therapeutic targets for
cancer by participating in transcriptional regulation and
post-transcriptional regulation [6-8]. The competitive
endogenous RNA (ceRNA) refers to the interaction between
miRNA response elements (MREs) and IncRNAs to form a
giant RNA network and regulate physiological and patho-
logical processes [9]. Many studies have confirmed that in
the ceRNA network, IncRNAs complementary to miRNA
sequences regulate the encoded proteins through sponge
miRNA [10-13].

The Cancer Genome Atlas (TCGA) is a public dataset
based on clinicopathological data and high throughput
sequencing results from huge number of patients with vari-
ous types of cancer, and has been employed to understand
molecular basis of cancer. At present, information from 10,
000 patients has been collected to provide convenience for
cancer research. In present study, RNA expression profiles
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were downloaded from TCGA, and differentially expressed
RNAs were identified. Next, CeRNA network was con-
structed to reveal the crosstalk of differentially expressed
IncRNAs, differentially expressed miRNAs and differentially
expressed mRNAs (DEIncRNAs, DEmiRNAs, and DEmR-
NAs). Finally, quantitative RT-PCR was used to verify that
these results are consistent with the results on our speci-
mens. The ceRNAs in HCC will provide important clues on
molecular mechanism of HCC.

Materials and methods
Data source

The RNA-Seq data of patients in TCGA-LIHC project were
downloaded from TCGA data portal (https://portal.gdc.
cancer.gov/, accessed February 7, 2019), as well as the
corresponding clinical information (Cancer Genome Atlas
Research, 2011). 14254 IncRNA ID and 19660 mRNA ID
were annotated in the GENCODE annotation file in GTF for-
mat of 374 HCC tumor tissues and 50 adjacent normal liver
tissues; 1881 miRNAs were also downloaded from TCGA.

Screening of differentially expressed IncRNAs/
miRNAs/mRNAs

The edgeR package of the R platform was used for DEI-
ncRNAs/DEmiRNAs/DEmRNASs screening in comparison
with expression levels between HCC tumor and adjacent
normal liver tissues, with the thresholds of llog2FCI> 2.0
and adjusted P <0.05.

CeRNA network construction

LncRNA-miRNA interactions were combined with DEIncR-
NAs and DEmiRNAs according to miRcode database. Target
mRNAs for DEmiRNAs were predicted using miRTarBase
and TargetScan database, respectively. Then, the intersec-
tion of the target mRNAs predicted by two databases was
considered as the final target mRNAs of DEmiRNAs. The
ceRNA regulatory network visualization for the regulatory
relationship between IncRNA-miRNA and miRNA-mRNA
was conducted using Cytoscape.

Functional and pathway enrichment analysis
of common mRNA

GO and KEGG analyses were applied for the functional
annotation and pathway analysis, using the Database for
Annotation Visualization and Integrated Discovery (DAVID;
https://david.ncifcrf.gov/). Three GO categories [cellular
component (CC), biological process (BP) and molecular
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function MF)] were detected. The mRNAs in the ceRNA
network were analyzed in DAVID. The human genome
was selected as the background parameter. P <0.05 and a
count >2 were set as the thresholds to indicate a statistically
significant difference.

Survival analysis

The “survival” package in R software was used to plot the
Kaplan—Meier curves of DEIncRNAs, DEmiRNAs, and
DEmRNAS of the ceRNA network, with P <0.05.

Clinical significance Analysis

LncRNAs were analyzed with clinicopathological character-
istics of HCC patients, including gender (male or female),
age (over or under 60 years), risk factors (alcohol consump-
tion, hepatitis B, hepatitis C, no history of primary risk fac-
tors, and non-alcoholic fatty liver disease), histologic grade
(G1,G2,G3 or G4) and clinical stage (III, IV or I, II), with
P<0.05.

Quantitative real-time polymerase chain reaction
validation

One normal human liver cell lines (L02) and three human
HCC cell lines (HepG2, Hep3B, and Huh7) saved in our
laboratory were grown in Dulbecco’s modified Eagle’s
medium (GIBCO-BRL, USA) plus 10% heat-inactivated
fetal bovine serum (FBS) (GIBCO, USA), 100 U/mL peni-
cillin, and 100 pg/mL streptomycin. All cells were main-
tained in a humidified incubator with 5% CO, atmosphere at
37 °C. Twelve paired human HCC tumor and adjacent nor-
mal tissues were collected from the Second Affiliated Hos-
pital of Nanjing Medical University, of which ten patients
were in T1 stage and two patients were in T2 stage. Ethical
approval was obtained from the Ethics Committee and writ-
ten informed consent was obtained from all patients. The
specimens were collected during surgery and immediately
frozen in liquid nitrogen. The total RNA from cell lines and
tissues was extracted through the Trizol Reagent (Invitrogen,
USA) and 1 pg RNA was used to synthesize cDNA using
SuperScriptR III Reverse Transcriptase (Vazyme, China).
Real-time PCR was further performed with SYBR Green
PCR Master Mix (Invitrogen, USA) on Cobas Z480 Sys-
tem (Roche, Germany). In this study, IncRNA qRT-PCR
Primer Sets ( a pair of qPCR primers for each set) specific
for PVT1, SFTA1P, C170rf82, AC016773.1, AC073352.1
and AL512652.1 designed by RiboBio (China), and all reac-
tions were carried out in triplicate and f-actin were used as
internal control and relative gene expressions were analyzed
by the 2744 method.
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Statistical analysis

All bioinformatics analysis and statistical tests were per-
formed with R language. Pearson correlation analysis was
used to analyze the correlation between IncRNAs and miR-
NAs. Data were analyzed using GraphPad Prism 7 software
(GraphPad, USA).

Results

Identification of DEIncRNA/DEmiRNA/DEmRNAs
1070 DEIncRNAs, including 1013 (94.67%) upregulated
and 57 (5.33%) downregulated DEIncRNAs in tumors

were identified using the “edgeR” package. 147 DEmiR-
NAs, including 119 (80.95%) upregulated and 28 (19.05%)

* ) )

downregulated DEmiRNAs in tumors were also identified as
significantly differentially expressed. Moreover, we got 1993
DEmRNAEs, including 1788 (89.71%) upregulated and 205
(10.27%) downregulated DEmRNAs in tumors. The expres-
sion patterns were displayed in Fig. 1.

Construction of the ceRNA network

As shown in Fig. 2, a total of 349 IncRNA-miRNA pairs
were identified by miRcode database, including 18 miR-
NAs and 79 IncRNAs. Then, the target genes of 18 miRNAs
which identified in the above steps were predicted by miR-
TarBase and TargetScan, respectively. We gained 115 com-
mon mRNAs from the intersection of these target mRNAs
and DEmRNAs, and 192 miRNA-mRNA pairs includes 17
miRNAs and 115 mRNAs. To better understand the role
of DEIncRNAs in HCC, we further constructed a ceRNA
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Fig. 1 Differential expressed analysis of RNAs from HCC patients
compared with normal samples. DEIncRNAs, DEmiRNAs, and
DEmRNAs were hierarchically clustered by R software (a—c),
respectively. The left longitudinal axis indicated the cluster analysis
of DERNAs, and the right axis denoted the results of DEIncRNAs,
DEmiRNAs, and DEmRNAs (a—c), respectively. The upper horizon-
tal axis denoted the cluster analysis of each sample, and the down
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axis below the map corresponded to the results. Each RNA analy-
sis was plotted into the volcano map, and red color represented the
upregulated DEIncRNAs, DEmiRNAs, and DEmRNAs (d—f) with
log FC>2 while green represented the downregulated differential
expressed RNAs with log2 FC <2. FC, fold change; DE, differential
expressed
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Fig.2 Competitive endogenous
RNA network for differential
expressed IncRNAs (DEI-
ncNNAs), DEmiRNAs, and
DEmRNASs in HCC. Triangle,
circle, and diamond denoted
DEmRNASs, DEmiRNAs and
DEIncRNAs, respectively. Red
color represented the upregu-
lated differential expressed
RNAs while green represented
the downregulated differential
expressed RNAs

network by combining 349 IncRNA-miRNA interactions
with 192 miRNA-mRNA interactions, which included 79
IncRNAs, 18 miRNAs, and 115 mRNAs.

Functional and pathway enrichment analysis
of DEmRNAs

To further explore the systematic characterization and bio-
logical functions of the DEmRNASs in the ceRNA network,
functional annotation and pathway analysis were extracted
by GO and KEGG. The functional enrichment analysis sug-
gested that the target genes of these mRNAs may be involved
in various pathways related to “regulation of transcription”,

“RNA metabolic process”, “cell cycle process”’(GO);and

“p53 signaling pathway”, “Pathways in cancer”, “pancre-
atic cancer”, “prostate cancer”, “small cell lung cancer”,
and other noncancer-related pathways such as “cell cycle”

(KEGG) (Fig. 3).
Survival analysis for RNAs in ceRNA network

Survival analysis was performed for the RNAs in the ceRNA
network. We performed Kaplan—Meier univariate analysis
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to predict overall survival (OS) in HCC patients. Due to the
lack of follow-up information, 304 cases were included for
IncRNA and mRNA survival analysis, and 306 cases were
included for miRNA survival analysis. A total of 27 DEI-
ncRNAs, five DEmiRNAs and 30 DEmRNAs were found to
be associated with prognosis (Table 1).

Correlation analysis of IncRNA and miRNA

Correlation analysis was conducted on each IncRNA and
miRNA (which associated with prognosis) based on the
analysis of survival analysis in the previous steps. Pearson
correlation coefficient analysis was used to find negatively
correlated IncRNA and miRNA pairs, with P <0.05. Corre-
lation analysis between IncRNA and miRNA was visualized
using corrplot (Fig. 4). Bounded by the coefficient < —0.3,
ultimately, we obtained six IncRNAs and two miRNAs.

Clinical significance of prognostic six IncRNAs
To further explore the relationship between the six IncRNAs

(Table 2) and clinical data of HCC patients, clinicopatho-
logical characteristics were divided into different groups
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Fig. 3 Significant functional KEGG pathway analysis and GO analy-
sis of the differential expressed mRNAs in ceRNA network. a Rep-
resentative of top 7 enriched pathways with P value less than 0.05.

(Table 3). As show in Table 3, SFTA1P was correlated
with gender, risk factors and clinical stage; AC016773.1
was correlated with age, risk factors and histologic
grade; AC073352.1 was correlated with histologic grade;
AL512652.1 was correlated with histologic grade and clini-
cal stage. These results revealed that these IncRNAs can be
used for effective risk stratification in HCC. However, PVT1
and C170rf82 showed no relationship with these factors.

b Representative of top 29 GO terms enriched analysis on targeted
mRNAs. KEGG, Kyoto Encyclopedia of Genes and Genomes,
ceRNA, competitive endogenous RNA; GO, gene ontology

Validation of IncRNAs through qRT-PCR

In terms of the above analysis from TCGA, these six IncR-
NAs (PVTI, SFTA1P, C170rf82, AC016773.1, AC073352.1
and AL512652.1) involving ceRNA network were regarded
as potential biomarkers linked with HCC patients. As indi-
cated in Fig. 5, the results of qRT-PCR were consistent with
our findings in tissues (Fig. 5). Additionally, SFTA1P was
not detected in LO2, but was expressed in three human HCC
cell lines (Fig. 6).

@ Springer



442

Clinical and Experimental Medicine (2020) 20:437-447

Table 1 Survival analysis of

. A. The upregulated RNAs
DEIncRNAs, DEmiRNAs, and

DEmRNAS in ceRNA network RNA p value HR RNA p value HR
ACO016773.1 0.00473 0.92-0.981 has-mir-137 0.0326 0.984-1.026
AC022098.2 0.0135 0.978-1.019 has-mir-506 0.000156 0.633-1.108
AC024563.1 0.00185 0.822-1.019 has-mir-508 0.000113 0.993-1.003
AC061975.6 0.0254 0.984-1.006 ACSL4 0.00871 1.0-1.0
AC073263.1 0.000962 0.859-0.984 ASF1B 0.0416 0.998-1
AC073352.1 0.0271 0.818-1.016 AURKA 0.0232 0.999-1
AL033381.1 0.0464 0.958-1.048 CAMK2N2 0.00782 0.991-0.999
AL357153.1 0.00483 0.867-1.098 CENPL 0.015 0.996-1
AL512652.1 0.00191 0.738-0.97 CPNE7 0.0358 0.996-1
AP002478.1 0.0497 0.982-1.032 CR1 0.000941 1.002-1.005
BPESC1 0.00862 0.934-1.04 FLVCR1 0.0163 0.998-1
C170rf82 0.0126 0.959-0.991 GNAL 0.0369 0.998-1
DSCR4 0.00294 1-1.008 HIST1H2BG 0.00751 0.982-1
DSCR4-IT1 0.00512 0.989-1.055 HOXA3 0.00462 0.994-1
DSCR8 0.00425 1-1.003 HOXA9 0.0102 0.884-1.015
FAMS7A 0.00624 0.958-1.006 HOXAI13 0.0457 0.999-1.001
LINCO00308 0.0105 0.73-1.075 HOXD11 0.046 0.803-1.11
LINC00491 0.0253 0.966-1.01 ITGA2 0.0136 0.999-1
LINCO00494 0.00748 0.999-1.003 NCAPG 0.0169 0.999-1.001
MYCNOS 0.011 0.901-1.009 PBK 0.0167 0.997-1
PVTI 0.0376 0.998-1.001 PRSS21 0.0486 0.997-1.002
SACS-AS1 0.0165 0.993-1.004 QRFPR 0.00234 0.903-0.999
SFTA1P 0.012 0.948-1 SLC7A11 0.0261 0.999-1
TDRG1 0.00203 0.992-1.012 TKTL1 0.012 1-1.001
ZNF385D-AS1 0.00483 0.988-1.028 - - -

B. The downregulated RNAs

RNA p value HR RNA p value HR
CCDC26 0.0109 0.997-1.035 ESR1 0.0334 1-1.001
WARS2-IT1 0.0283 1.017-1.067 GLP2R 0.00132 1.004-1.012
has-mir-214 0.0275 1.001-1.008 MFESD2A 0.00344 1.0-1.0
has-mir-424 0.00145 1-1.001 PITPNM3 0.000452 1.001-1.003
DACH1 0.00262 1.005-1.012 PTGS2 0.00244 1.001-1.004
EGR1 0.0114 1.0-1.0 RET 0.00314 1.001-1.002
EPHA2 0.000439 1.0-1.0 - - -

Discussion

Accumulating evidence has shown that IncRNAs can regu-
late mRNAs via sponge miRNAs, through epigenetic regula-
tion, transcription regulation, and post-transcription regula-
tion, and participate in tumorigenesis [14—17]. Therefore,
the function of IncRNAs can be explored systematically
through the ceRNA network.

In this study, we extracted transcriptome data from TCGA
and identified 1993 DEmRNAs, 147 DEmiRNAs and 1070
DEIncRNAs between HCC and adjacent normal tissues.

@ Springer

To further investigate the role of ncRNAs and mRNAs in
cancer, we predicted target IncRNAs of DEmiRNAs based
on miRcode database, and then predicted target mRNAs of
DEmiRNAs based on miRTarBase and TargetScan data-
bases. Finally, HCC ceRNA network was constructed on the
basis of 192 miRNA-mRNA interactions and 349 IncRNA-
miRNA interactions. Furthermore, pathway analysis showed
that mRNAs were enriched predominantly in “pathways in
cancer”, “regulation of transcription”, “RNA metabolic pro-
cess” and “cell cycle process”, indicating that these mRNAs
were implicated in tumorigenesis.
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Up to now, prognostic features of ceRNA network in
HCC remain largely unknown. In this study, six DEIncRNAs
(PVT1, SFTA1P, C170rf82, AC016773.1, AC073352.1 and
AL512652.1), two DEmiRNAs (hsa-mir-214, hsa-mir-424),
and seven DEmRNAs (CPNE7, GNAL, ASF1B, GLP2R,
PRSS21, HOXA3, ITGA2) in our ceRNA network showed
significant association with OS in HCC patients. Further
analysis showed that SFTA1P was correlated with gender,
risk factors and clinical stage; AC016773.1 was correlated
with age, risk factors and histologic grade; AC073352.1
was correlated with histologic grade; and AL512652.1 was
correlated with clinical stage and histologic grade. There-
fore, these IncRNAs could be utilized for risk stratifica-
tion in HCC. The results of qRT-PCR showed that PVT1,
Cl170rf82, AC016773.1, AC073352.1 and AL512652.1 were
upregulated, indicating their potential as HCC biomarkers.
While SFTA1P could only be detected in HCC cell lines,
this may be resulted from that the expression of SFTA1P
in LO2 is lower than the detection limit of qRT-PCR. We

AC022098.2 @@
ZNF385D-AS1 @

postulated that SFTA1P may be a powerful marker for the
diagnosis of HCC.

The human PVT]1 gene located on 8q24 has 9-12 exons
with the length of 1957 base pairs [18]. As an oncogenic
IncRNA, PVT]1 is highly expressed in non-small-cell lung
cancer [19], colon cancer [20], leukemia [21], and HCC
[22]. The biogenesis of PVT1 is still unclear, but PVT1 is
involved in cancer cell differentiation, proliferation, inva-
sion, and drug resistance, and is associated with OS and
tumor stage [23, 24]. For example, PVT1 could upregulate
miR-214 by promoting the binding of enhancer of zeste
homolog 2 (EZH2) to its promoter, leading to increased
ovarian cancer cell proliferation and invasion [25]. In this
study, we found the same trend of expression of PVT]I,
miRNA-214 and miRNA-424 in HCC, but the mechanism
needs to be clarified.

SFTAIP is the pseudogene-derived IncRNA located
on 10p14 with the length of 693 nts, and can suppress the
migration and invasion of lung adenocarcinoma (LUAD)
and gastric cancer cells.[26-28]. However, we found that
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Table 3 The detailed information of 6 aberrantly expressed IncRNAs

Ensemble ID Gene symbol P value Fold change Location
ENSG00000249859 PVT1 5.13587E-19 9.352974497 Chromosome 8: 127,794,526-128,187,101
ENSG00000225383 SFTA1P 8.48E-47 5.449573342 Chromosome 10: 10,784,437-10,795,047
ENSG00000187013 Cl70rf82 6.00E-28 6.459972558 Chromosome 17: 61,411,751-61,413,280
ENSG00000270195 AC016773.1 9.51E-26 5.932665981 Chromosome 4: 1,712,821-1,715,945
ENSG00000272662 AC073352.1 7.65024E-18 4.152453239 Chromosome 3: 119,497,678-119,498,181
ENSG00000275485 AL512652.1 5.12E-18 3.871598981 Chromosome 13: 20,768,876-20,769,375
PVT1 C170rf82 SFTA1P
154 x
8+ 104
* * g
c T c T ) |
2 6 2 8 § 10
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Fig.5 Expressions of AC016773.1, SFTA1P, AC073352.1, AL512652.1, C170rf82 and PVT1 were evaluated by RT-qPCR in tissues. *P <0.05

SFTA1P was upregulated in HCC, and was correlated with
gender, risk factors and clinical stage of HCC, consistent
with previous report [29]. Due to different expression of
SFTAI1P in different tissue types, its mechanism of action
remains elusive.

C170rf82 located on 17q23.2 has one exon with the
length of 1529 bp. Previous study revealed that C170rf82 is
upregulated in hepatitis B virus-associated HCC [30], but
the biological function remains unclear. In our study, hsa-
mir-214 and hsa-mir-424 were predicted to be the response
elements to regulate the expression of CCNE1, CCNE2
and CDKI1. Besides PVT1, SFTA1P and C170rf82, three

upregulated DEIncRNAs (AC016773.1, AC073352.1and
ALS512652.1) have never been reported in previous studies
and their biological function remains unknown.

Nevertheless, some limitations of this study should be
acknowledged. First, compared to HCC tumor tissues,
the number of adjacent tissues is less due to various fac-
tors of TCGA data collection, which could cause bias of
our results. Second, whether these IncRNAs and their
interactions in ceRNA are specific to HCC has not been
confirmed.

In summary, this study systematically analyzed possible
interacting genes in HCC by exploring IncRNA-related
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Fig.6 Expressions of AC016773.1, AC073352.1, AL512652.1, C170rf82 and PVT1were evaluated by RT-qPCR in one normal human liver cell
lines (L02) and three human HCC cell lines (HepG2, Hep3B, Huh7). *P <0.05

ceRNA networks, and identified six InRNAs which may be
helpful for understanding the oncogenesis and prognosis
and of HCC.
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