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Abstract N\
Hepatocellular carcinoma (HCC) is a common primary liver cancer with a high incidence and mortality. This study was conducted to |
identify a long non-coding RNA (IncRNA) signature that may serve as a predictor for HCC prognosis.

RNA-seq data were extracted from The Cancer Genome Atlas database. Differentially expressed genes, INcCRNAs, and miRNAs
were identified in HCC (n=374) and control samples (n=50) and used to screen prognosis-associated INcRNA signatures. The
association of the INcRNA signature with HCC prognosis was analyzed and a competitive endogenous RNA regulatory network
involving the INcCRNA signature was constructed.

A total of 199 mRNAs, 1092 IncRNAs, and 251 miRNAs were differentially expressed between HCC and control samples. Among
these INcRNAs, 11 prognosis-associated INcRNAs were used to construct a IncRNA signature. Cox regression analysis showed that
patients with higher risk scores of the INcRNA signature were at risk of poor prognosis. Four INcRNAs (including LINC0O1517, DDX11-
AST, LINCO1136, and RP11-20J15.2) and 7 miRNAs (including miR-195, miR-199b, miR-326, miR-424, and let-7c¢) in the ceRNA
network interacted with the upregulated gene E2F2, which was associated with the overall prognosis of patients with HCC.

The 11-IncRNA signature might be useful for predicting the prognosis of patients with HCC.

Abbreviations: AS = antisense RNA, AUC = area under the ROC curve, ceRNA = competitive endogenous RNA, DDX11 =
DEAD/H box protein 11, DE-IncRNAs = differentially expressed IncRNAs, DE-miRNAs = differentially expressed miBRNAs, DE-
mRNAs = differentially expressed mRNAs, EGLN3 = eglnine homolog 3, EMT = epithelial-mesenchymal transition, FC = fold change,
GO = Gene Ontology, HCC = hepatocellular carcinoma, HOTTIP = HOXA distal transcript antisense RNA, HOXC = Homeobox C,
KEGG = Kyoto Encyclopedia of Genes and Genomes, KM = Kaplan—-Meier, LATS2 = large tumor suppressor kinase 2, LIHC = liver
hepatocellular carcinoma, LINC = long intergenic non-protein coding RNA, IncRNA = long non-coding RNA, PVT1 = plasmacytoma
variant translocation 1, ROC = receiver operating characteristic, SNHG3 = small nucleolar RNA host gene 3, SOX21-AS1 = SOX21
antisense divergent transcript 1, TCGA = The Cancer Genome Atlas, TNM = tumor node metastasis.
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1. Introduction

As the most frequent histologic subtype of primary liver cancer,
hepatocellular carcinoma (HCC) is derived from the epithelial or
mesenchymal tissues of the liver.'! HCC is usually induced by
virus infection, smoking, aflatoxin, alcohol, obesity, or diabe-
tes.”! HCC has a high incidence and mortality and leads to
approximately 662,000 deaths annually worldwide.! Liver
transplantation is the most efficient method for treating HCC, but
over 70% of patients with advanced HCC are not suitable for
transplantation.'*! The tumor recurrence and metastasis rates are
higher after transplantation, which results in poor prognosis
in patients with HCC."! Therefore, prognostic factors for HCC
should be explored to improve its therapy.

The prognosis and therapy response of HCC are related to
various factors. As reported, the long non-coding RNA (IncRNA)
SOX21 antisense divergent transcript 1 (SOX21-AS1) is
upregulated in HCC samples, and this upregulation affects
tumor progression by silencing p21.°0 The IncRNA
TCONS_00027978 has positive correlations with histologic
grade, lymph node metastasis, and tumor node metastasis (TNM)
stage in patients with HCC, and its low expression serves as an
independent adverse prognostic factor for this tumor.!”! Through
the miR-128/CD151 pathway, IncRNA small nucleolar RNA
host gene 3 (SNHG3) contributes to sorafenib resistance and
epithelial-mesenchymal transition (EMT) in patients with
HCC.®! Besides, Ge et al®®! showed that the expression level of
the IncRNA HOXA distal transcript antisense RNA (HOTTIP)
had a negative correlation with that of 7R-192 and miR-204 in
HCC tissue specimens, and the 7iR-192/-204-HOTTIP axis was
associated with the prognosis of HCC patients. Gu et all*!
identified IncRNAs significantly related to recurrence-free
survival and constructed a 6-IncRNA signature for HCC, which
can be applied for accurate diagnosis and targeted therapy of
HCC. Sui et al"'! screened the overall survival-associated
IncRNAs in HCC and established a 4-IncRNA signature that
provided a novel biomarker for prognostic prediction of patients
with HCC. These studies have revealed and highlighted the
prognostic association of IncRNAs, miRNAs, and genes in HCC.
As more changed genes in response to treatments are identified,
the molecular mechanism of HCC prognosis will become clearer.

This study aimed to construct a IncRNA signature with a high
accuracy in predicting HCC prognosis by using comprehensive
analytical approaches. In this study, a IncRNA signature was
established and the competitive endogenous RNA (ceRNA)
regulatory network involving the above IncRNAs was conducted
to reveal the regulatory axes and underlying functions of the key
IncRNAs.

2. Materials and methods

2.1. Ethical approval

This study was not conducted on human participants or animals
by any of the authors, and ethical approval is not applicable.

2.2. Data source

The RNA-seq data of liver hepatocellular carcinoma (LIHC)
(TCGA-LIHC, downloaded on October 18, 2019) and relevant
clinical data were extracted from The Cancer Genome Atlas
(TCGA, https://cancergenome.nih.gov/) database. There were a
total of 424 samples in TCGA, including 374 HCC samples and
50 control samples.
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2.3. Differential expression analysis

RNAs with an average expression <1 were excluded. Next,
differential expression analysis between HCC samples and control
samples was conducted using the edgeR package (http:/biocon
ductor.org/packages/release/bioc/html/edgeR.html)* in R. The
|log, fold change (FC)| >2 and P-value <.05 were used
for screening differentially expressed IncRNAs (DE-IncRNAs)
and differentially expressed mRNAs (DE-mRNAs). Meanwhile,
P-values <.05 and |log, FC| >1 were defined for selecting
differentially expressed miRNAs (DE-miRNAs).

2.4. Identification of the IncRNA signature correlated with
prognosis

After collecting the information of patients with HCC with both
transcriptome data and clinical prognosis information, 342
samples were selected for subsequent analysis. Next, these
samples were randomly divided into the training set and
validation set. From the training set, the DE-IncRNAs
significantly related to prognosis were analyzed via univariate
Cox regression analysis.['3! The threshold was set at a log-rank
P-value <.05. Combined with lasso regression analysis,!'* the
IncRNA signature correlating with the prognosis of patients with
HCC was further screened. Based on the IncRNA signature, the
risk score of each sample was calculated. According to the values of
the risk scores, the samples in the training set were classified into
high-risk (the top 50%) and low-risk (the bottom 50%) groups.
Using Kaplan—-Meier (KM) survival analysis!™! and receiver
operating characteristic (ROC) curve analysis,!*®! the prognostic
difference between high- and low-risk groups and the predicting
power of the IncRNA signature for prognosis were calculated.
Moreover, the performance of the IncRNA signature in predicting
the outcome of HCC was validated in the validation set.

2.5. Identification of independent clinical prognostic
factors

Using univariate Cox regression analysis,!'*) the correlations of
risk scores and clinical factors (including age, sex, clinical stage,
tumor grade, T stage, N stage, and M stage) with prognosis were
analyzed. Based on multivariate Cox regression analysis,!'*! the
independent clinical prognostic factors were further selected. A
log-rank P-value <.05 was considered as the cutoff.

2.6. CeRNA regulatory network and enrichment analysis

The Pearson correlation coefficients of the DE-mRNAs and
IncRNAs involved in the IncRNA signature were calculated. The
values P<.05 and r>0.4 were defined as the thresholds for
screening IncRNA-mRNA coexpression pairs.

The miRNA-IncRNA regulatory pairs in the IncRNA signature
were identified using the DIANA-LncBase v2 database (http://
carolina.imis.athena-innovation.gr/diana_tools/web/index.php?
r=Incbasev2 %2Findex-experimental).

Based on the StarBase database (version 3.0, http:/starbase.
sysu.edu.cn/), the regulatory relationships between the miRNAs
in the miRNA-IncRNA regulatory pairs and the mRNAs in the
IncRNA-mRNA coexpression pairs were analyzed to identify
miRNA-mRNA regulatory pairs.

After integrating the IncRNA-mRNA pairs, miRNA-IncRNA
pairs, and miRNA-mRNA pairs, the ceRNA regulatory network
was constructed using Cytoscape software (http://www.cyto
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scape.org/). The Kyoto Encyclopedia of Genes and Genomes
(KEGG) and Gene Ontology (GO) analyses for the mRNAs
implicated in the ceRNA regulatory network were conducted
using the clusterProfiler package (http://www.bioconductor.org/
packages/release/bioc/html/clusterProfiler.html) in R. A false
discovery rate <.05 was considered as the threshold for
significant enrichment.

2.7. Validation of prognostic association of mRNAs in the
ceRNA network

To validate the association of key mRNAs in the final ceRNA
network, the correlation of mRNA with overall survival of
patients with LIHC was analyzed using the GEPIA online tool
(http://gepia.cancer-pku.cn/). A significant correlation was de-
fined as a log-rank P value <.05.

3. Results

3.1. Differential expression analysis

There were 1999 genes (1794 upregulated and 205 down-
regulated), 1092 IncRNAs (1034 upregulated and 58 down-
regulated), and 251 miRNAs (229 upregulated and 22
downregulated) that were significantly differentially expressed
between the HCC (n=374) and control samples (n=350).
Volcano plots of the DE-mRNAs, DE-IncRNAs, and DE-
miRNAs are shown in Fig. 1.

3.2. Identification of the IncRNA signature correlated with
prognosis

Of the 1092 DE-IncRNAs, 210 IncRNAs were significantly
related to the prognosis of patients with HCC in the training set.
Lasso regression analysis showed that the prognosis-associated
IncRNA signature consisted of 11 IncRNAs, including long
intergenic non-protein coding RNA 1060 (LINC01060), long
intergenic non-protein coding RNA 1136 (LINCO01136), eglnine
homolog 3 (EGLN3) antisense RNA 1 (EGLN3-AS1), RP11-
20]15.2, AC025580.1, Homeobox C (HOXC) antisense RNA 2
(HOXC-AS2), AC114912.1, long intergenic non-protein
coding RNA 1517 (LINC01517), AL592043.1, AC089983.1,
and DEAD/H box protein 11 (DDX11) antisense RNA 1
(DDX11-AS1). Based on the prognostic coefficients and
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expression levels of the 11 IncRNAs, the risk scores of samples
were calculated as follows: Risk score=0.026666 x LINC01060
+0.008425 x LINC01136 +0.041532 x EGLN3-AS1+0.0238 x
RP11-20J15.2+0.027578 x AC025580.1+0.017409 x HOXC-
AS2+0.054546 x AC114912.1+0.017601 x LINCO1517 +
0.066435 xAL592043.1+0.024386 xAC089983.1+
0.027224 x DDX11-AS1.

Furthermore, the prognostic difference between the high- and
low-risk groups was evaluated using KM and ROC curves. For
both the training set (P <.001, the area under the ROC curve
[AUC]=0.896) and the validation set (P <.001, AUC=0.702),
the survival rate of the HCC patients in the high-risk group was
lower than patients in the low-risk group (Fig. 2A and B).

3.3. Identification of independent clinical prognostic factors

The results of univariate Cox regression analysis indicated that the
risk score, clinical stage, T stage, and M stage correlated with the
prognosis of patients with HCC (Fig. 3A). Multivariate Cox
regression analysis suggested that only the risk score was an
independent factor for the prognosis of patients with HCC (Fig. 3B).

3.4. CeRNA regulatory network and enrichment analysis

Based on Pearson correlation analysis, 218 IncRNA-mRNA
coexpression pairs (involving 11 IncRNAs and 216 mRNAs)
were screened out. Combined with the DIANA-LncBase v2
database, 26 miRNA-IncRNA regulatory pairs (involving 10
miRNAs and 6 IncRNAs) were selected. Using the StarBase
database, 175 miRNA-mRNA regulatory pairs (involving 7
miRNAs and 85 mRNAs) were obtained. In the ceRNA
regulatory network, there were 7 miRNAs, 4 IncRNAs
(LINC01517, DDX11-AS1, LINC01136, and RP11-20J15.2),
and 85 mRNAs (Fig. 4). In particular, the upregulated gene E2F
transcription factor 2 (E2F2) was targeted by S miRNAs (let-7c,
miR-195, miR-199b, miR-326, and miR-424), which interacted
with 4 IncRNAs (LINC01517, DDX11-AS1, LINC01136, and
RP11-20]J15.2) in the ceRNA regulatory network.

GO and KEGG enrichment analyses were performed for the 85
mRNAs in the ceRNA regulatory network. Enrichment analysis
showed that these genes were involved in GO biological
processes, including chromosome segregation, nuclear division,
and DNA packaging, and GO cellular components, including
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Figure 1. Volcano plots showing the results of differential expression analysis: (A) volcano plot of the differentially expressed mRNAs; (B) volcano plot of the
differentially expressed INcRNAs; (C) volcano plot of the differentially expressed miRNAs. Red, blue, and gray dots represent upregulated RNAs, downregulated

RNAs, and non-differentially expressed RNAs, respectively. FC=fold change.
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Figure 2. Kaplan-Meier (KM) survival curves and receiver operating characteristic (ROC) curves showing the prognostic difference between high- and low-risk
groups divided by the risk scores: (A) KM survival curves and ROC curve for the training set; (B) KM survival curves and ROC curve for the validation set. AUC =area

under the receiver operating characteristic curve.

chromosomal region, spindle microtubule, and kinetochore,
as well as GO molecular functions, including DNA-dependent
ATPase activity, chromatin binding, and tubulin binding (Fig. 5).
In addition, these genes, including E2F2, were associated with
KEGG pathways, including cell cycle, microRNAs in cancer,
non-small-cell lung cancer, and p33 signaling pathway, and are
shown in Fig. 6.

3.5. Association of E2F2 with overall survival of patients
with HCC

Based on TCGA data, we found that patients with HCC with
higher expression levels of E2F2 had lower survival percentages

compared with patients with lower expression levels (Fig. 7). This
result showed that the ceRNA interaction pairs involving E2F2
are of great value for predicting the prognosis of patients with
HCC.

4. Discussion

This study identified that 1999 mRNAs, 1092 IncRNAs, and 251
miRNAs were significantly differentially expressed between HCC
and control samples. Integrated bioinformatics analysis showed
that the signature of 11 IncRNAs (LINC01060, LINCO01136,
EGLN3-AS1, RP11-20]15.2, AC025580.1, HOXC-AS2,
AC114912.1, LINC01517, AL592043.1, AC089983.1, and



Wang and Lei Medicine (2021) 100:5

www.md-journal.com

pvalue Hazard ratio
age 0.678 0.996(0.978-1.015) H
gender 0.296 0.770(0.471-1.257) —@—
grade 0.794 1.066(0.661-1.720) —a—
stage <0.001 3.692(2.289-5.955) —i—
T <0.001 3.703(2.299-5.967) —i—
M 0.014  4.294(1.342-13.742) 5
N 0.261 2.246(0.547-9.219) o
riskScore  <0.001 1.004(1.002-1.006) x
A 050 10 Hifl’am mﬁzfo 0
pvalue Hazard ratio
age 0.612 1.005(0.985-1.025) L]
gender 0.749 0.917(0.539-1.560) -
grade 0.338 1.276(0.776-2.098) -
stage 0.501 0.356(0.017-7.241) 5
T 0.123  10.490(0.531-207.263) &
M 0.244 2.084(0.606-7.165) -
N 0.112 5.768(0.664-50.119) —a—
riskScore  <0.001 1.005(1.003-1.007) Ll
r 0016 0062 0250 16400 4e+00 20401 Ges01

Hazard ratio

Figure 3. Screening of independent clinical prognostic factors: (A) result of univariate Cox regression analysis; (B) result of multivariate Cox regression analysis.

DDX11-AS1) was associated with the prognosis of patients with
HCC, and may serve as a predictor of prognosis in patients
with HCC.

The association of miR-195 with the prognosis, clinical
outcome, and recurrence of human cancers has been reported
previously.l' "1 It produces antitumor effects by suppressing the
migration, invasion, and chemoresistance of cancers.!"”*°! The
miR-195 is regulated by oncogenic IncRNAs, including plasma-
cytoma variant translocation 1 (PVT1) and SNHG1. LncRNA
DDX11-AS1 has been identified as an oncogenic IncRNA in
colorectal cancer.*"*?! Li et al*!! showed that DDX11-AS1

exhibited oncogenic effects by promoting the growth and
invasion of HCC cells. DDX11-AS1 is associated with the
progression and prognosis of HCC and may be considered a
possible target for the treatment of this tumor.**)DDX11-AS1
inhibits the large tumor suppressor kinase 2 (LATS2) gene.*"
Our present study indicated the potential role of the DDX11-
AS1-miR-195-E2F2 axis in HCC development, and its possible
involvement in the prognosis of patients with HCC.

Of the miRNAs that have been reported to be associated with
HCC development and prognosis, 7iR-490-3p and miR-490-5p
possess antitumor effects.****IMiR-490-3p expression is re-
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Figure 4. The competitive endogenous RNA (ceRNA) regulatory network. Diamonds, squares, and circles separately represent long non-coding RNAs (IncRNAs),
miRNAs, and mRNAs, respectively. Red and blue note represent upregulation and downregulation, respectively.

duced in HCC, and its targets correlate with the pathways in
cancer and possess tumoral functions.”*>"! Decreased let-7¢ in
HCC correlates with poor tissue differentiation, indicating that
let-7¢ may mediate HCC cell differentiation.””®! Our present
study identified the upregulated RP11-20]15.2-miR-490/let-7c-
E2F2 ceRNA mechanism in HCC. The IncRNA RP11 consists of
a cluster of IncRNAs that have been identified as oncogenes in
human cancers.?”* The identification of RP11-20]15.2-miR-
490/let-7¢c-E2F2 ceRNA in HCC indicated its potential role in
HCC development and outcome.

This study identified a cluster of miRNAs differentially
expressed in HCC compared with controls, including 2iR-
195, miR-199b, miR-326, and miR-424. MiR-195 expression
was reduced in HCC samples, and 7iR-195 can exert anti-cancer
effects by repressing metadherin (AEG-1).°"'MiR-199b-5p
downregulation and N-cadherin upregulation were detected in
HCC samples, and 7iR-199b-5p plays an inhibitory role in EMT
and regulates N-cadherin expression in HCC.**MiR-326
inhibits the progression of HCC by mediating LIM and SH3
protein 1, and therefore 7iR-326 may serve as a target for the

therapy of patients with HCC."*3! The downregulation of serum
miR-424 in patients with HCC was correlated with TNM stage,
serum alpha-fetoprotein, and vein invasion, which may be a
promising marker for predicting an unfavorable prognosis for
HCC.31 These results indicated that downregulated #iR-195,
miR-199b, miR-326, and miR-424 and their ceRNA mechanisms
might play important roles in the prognosis of HCC.

As indicated in the results, the upregulated E2F2 was involved
in several key ceRNAs, including LINC01517-miR-195/miR-
199b/miR-326/miR-424E2F2424-E2F2, DDX11-AS1miR-195/
miR-424-E2F2, LINCO01136miR-326-E2F2, and RP11-
20]15.2-miR-490/let-7¢c-E2F2 regulatory axes. E2Fs control
the cell cycle, and upregulated E2F2 promotes cell proliferation
by interacting with p53, Sp1, and cyclin A; its downregulation
induces S phase arrest and cell apoptosis.>***] High expression
of E2F transcription factors is substantially correlated with a
poor prognosis for patients with HCC.*®3”! By inhibiting the
expression of E2F2 and epithelial cell transforming 2, #iR-490-
5p overexpression suppresses cell metastasis in HCC.B”! The
enrichment analysis in this study revealed that mRNAs, including
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Figure 5. Bubble diagram showing the top 10 Gene Ontology (GO) biological process, GO cellular component, and GO molecular function terms enriched for the
mRNAs in the competitive endogenous RNA (ceRNA) regulatory network. The change from red to blue indicates that the adjusted P-value goes from small to large.
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Figure 7. The correlation of E2F2 expression with the overall survival of
patients with HCC. Overall survival of patients with LIHC was analyzed using
the GEPIA online tool (http://gepia.cancer-pku.cn/). HCC=hepatocellular
carcinoma; LIHC =liver hepatocellular carcinoma.

E2F2, in the ceRNA regulatory networks were implicated in
microRNAs in cancer and the pS53 signaling pathway. Through
the p53-dependent signaling pathway, E2F2 functions in HCC
cell metastasis and apoptosis and may be a prognosis-associated
biomarker in patients with HCC.?®3”! The present study also
showed that higher expression levels of E2F2 in HCC correlated
with a poor survival rate. This indicated that LINCO1517,
DDX11-AS1, LINCO1136, and RP11-20J15.2 might also
function in the prognosis of patients with HCC by regulating
E2F2 and microRNAs in cancer and the p$53 signaling pathway.

5. Conclusions

In conclusion, this study confirmed that the signature of 11
IncRNAs might be applied for predicting the prognosis of HCC.
These IncRNAs contribute to the development and progression of
HCC by regulating miRNAs, including let-7c, miR-195, miR-
199b, miR-326, and miR-424, and E2F2, which are associated
with the prognosis of patients with HCC. This study provides
additional information to clarify the molecular mechanism
behind HCC prognosis. The application of this IncRNA signature
may improve the accuracy of clinical prognosis assessment for
patients with HCC. However, this prognostic 11-IncRNA
signature should be validated by experimental studies.
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