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Abstract

AIM

To construct a long non-coding RNA (IncRNA) signature
for predicting hepatocellular carcinoma (HCC) prognosis
with high efficiency.

METHODS

Differentially expressed IncRNAs (DELs) between
HCC specimens and peritumor liver specimens were
identified using the edgeR package to analyze The
Cancer Genome Atlas (TCGA) LIHC dataset. Univariate
Cox proportional hazards regression was performed
to obtain the DELs significantly associated with overall
survival (OS) in a training set. These OS-related DELs
were further analyzed using a stepwise multivariate
Cox regression model. Those IncRNAs fitted in the
multivariate Cox regression model and independently
associated with overall survival were chosen to build
a prognostic risk formula. The prognostic value of
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this formula was then validated in the test group
and the entire cohort and further compared with two
previously identified prognostic signatures for HCC.
Gene ontology and Kyoto Encyclopedia of Genes and
Genomes pathway analyses were performed to explore
the potential biological functions of the IncRNAs in the
signature.

RESULTS

Based on IncRNA expression profiling of 370 HCC
patients from the TCGA database, we constructed a
5-IncRNA signature (AC015908.3, AC091057.3, TMCC1-
AS1, DCST1-AS1 and FOXD2-AS1) that was significantly
associated with prognosis. HCC patients with high-risk
scores based on the expression of the 5 IncRNAs had
significantly shorter survival times compared to patients
with low-risk scores in both the training and test groups.
Multivariate Cox regression analysis demonstrated that
the prognostic value of the 5 IncRNAs was independent
of clinicopathological parameters. A comparison study
involving two previously identified prognostic signatures
for HCC demonstrated that this 5-IncRNA signature
showed improved prognostic power compared with the
other two signatures. Functional enrichment analysis
indicated that the 5 IncRNAs were potentially involved
in metabolic processes, fibrinolysis and complement
activation.

CONCLUSION

Our present study constructed a 5-IncRNA signature
that improves survival prediction and can be used as a
prognostic biomarker for HCC patients.

Key words: Long non-coding RNA; Hepatocellular
carcinoma; Prognosis; Survival prediction; Prognostic
biomarker

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In the present study, we developed a 5-long
non-coding RNA (IncRNA) signature for predicting the
prognosis of hepatocellular carcinoma (HCC) patients
based on The Cancer Genome Atlas database. The
signature was reproducible and robust in another
independent large-scale HCC cohort, supporting its
utility and effectiveness. In addition, the prognostic
value of the 5-IncRNA signature was independent of
clinicopathological variables. When compared with
two previously identified signatures for HCC survival
prediction, this 5-IncRNA signature showed superior
prognostic power. Our study indicates that the 5-IncRNA
signature could improve survival prediction and could
be used as a prognostic biomarker for HCC patients.

Zhao QJ, Zhang J, Xu L, Liu FF. Identification of a five-long
non-coding RNA signature to improve the prognosis prediction
for patients with hepatocellular carcinoma. World J Gastroenterol
2018; 24(30): 3426-3439 Available from: URL: http://www.

Baishidenge ~ WJG | www.wjgnet.com

wjgnet.com/1007-9327/full/v24/i30/3426.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i30.3426

INTRODUCTION

Hepatocellular carcinoma (HCC) is the sixth most
commonly diagnosed cancer in the world™. According
to previous epidemiologic studies, the incidence of
HCC varies strikingly worldwide and is particularly high
in eastern Asian countries, including China, and sub-
Saharan Africa’?. The 5-year overall survival rate for
HCC is lower than 20%™, and the ratio of its mortality
to morbidity is 0.95"!. Because of its poor prognosis,
HCC ranks as the second leading cause of cancer-related
deaths worldwide!"!. An estimated 782500 new liver
cancer cases and 745500 deaths occurred worldwide in
2012, among which 50% occurred in China". There are
multiple risk factors related to HCC, including hepatitis B
or C viral infection, chronic alcohol abuse, nonalcoholic
fatty liver disease and smoking™®. Although treatment
for HCC, including surgical resection, has improved
over the past decades, the overall survival rate for
this disease remains devastatingly high due to its high
recurrence rate (50%-70% at 5 years)"?. Because HCC
is a heterogeneous disease with substantially variable
clinical outcomes, the search for effective biomarkers
to predict recurrence and prognosis is indispensable.
To date, no widely accepted molecular biomarkers for
HCC aggressiveness are available. In the past 40 years,
serum alpha fetoprotein (AFP) levels have been utilized
for the diagnosis of HCC and for predicting its response
to therapy. However, AFP levels can be influenced by
tumor size and cancer stage, and they are not reliable
in clinical applications™. In addition, the American
Association for the Study of Liver Diseases concluded
that the use of AFP levels lacks sufficient sensitivity and
specificity to effectively monitor or diagnose HCC!*".,
With the development of high-throughput sequencing
technologies, it has become easy to acquire whole
genome profiles for specific cancers and develop
more reliable prognostic signatures. Long non-coding
RNAs (IncRNAs) are mRNA-like transcripts of more
than 200 nucleotides (nt) with little or no protein-
coding capacity™™***, In the past, they were previously
thought to be redundant segments of the genome, but
in recent decades, emerging studies have indicated
the importance of IncRNAs in cellular physiological
and pathological processes!****), Increasing evidence
suggests that dysregulated INcRNAs are associated with
various human diseases, particularly the initiation and
progression of various human cancers!®'”), Prognostic
IncRNA signatures have been examined in many cancer
types, including renal cancer, glioblastoma, colorectal
cancer, lymphoma, and others®?", For HCC, most of
the published gene signatures associated with prognosis
have focused on mRNAs and microRNAs"**?*), To the
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Table 1 Clinicopathological parameters of hepatocellular carcinoma patients in each cohort

Variables Training group (7 = 184) Test group (7 = 186) Entire group (7 = 370)
Age, yr <60 84 85 169
=60 100 101 201
Sex Male 129 120 24
Female 55 66 121
Weight, kg <70 92 85 177
=70 78 89 167
NA 14 12 26
Child-Pugh grade A 109 107 216
B 9 12 21
C 0 1 1
NA 66 66 132
Fibrosis ishak score 0 32 42 74
1-5 38 31 69
6 36 33 69
NA 78 80 158
Vascular tumor invasion None 100 106 206
Micro 45 46 91
Macro 8 9 17
NA 31 25 56
Serum FAP level, ng/mL <100 102 920 192
=100 37 48 85
NA 45 48 93
Tumor grade 1 37 18 55
2 82 95 177
3+4 61 72 133
NA 4 1 5
Pathologic stage I 92 79 171
I 43 42 85
m+ 1NV 37 53 90
NA 12 12 24

best of our knowledge, very few IncRNA signatures have
been developed for HCC prognosis prediction®®. Thus, it
is necessary to identify a more effective INcRNA signature
for HCC prognosis. In the present study, we aimed to
construct a IncRNA signature capable of predicting HCC
prognosis with high efficiency.

In this work, we analyzed a cohort of 370 HCC
patients from The Cancer Genome Atlas (TCGA) to
identify a potential IncRNA signature for predicting the
survival of HCC patients. We identified a five-IncRNA
prognostic signature from the TCGA dataset and
determined that its prognostic value was independent
from clinical factors. The identification of prognostic
IncRNAs suggests the potential roles of IncRNAs in HCC
pathogenesis and progression.

MATERIALS AND METHODS

Data and patients

Level 3 RNA-seq data (HTSeq-counts) from 374 HCC
tumor specimens and 50 peritumoral liver specimens
and their corresponding clinicopathological information
were downloaded from the TCGA project (https://
cancergenome.nih.gov/) on June 2, 2017. Because
TCGA data are a community resource project, additional
ethical approval was not acquired, and the present
study adhered to TCGA publication guidelines and
data access policies. After excluding the data without
complete survival information, a total of 370 HCC
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patients with complete follow up data were enrolled in
our study and then randomly divided into a training set
(n = 184) and test set (n = 186) using SPSS software
(version 24.0). The clinicopathological parameters of
the HCC patients in each group are listed in Table 1.

LncRNA expression profile in the TCGA LIHC cohort

Only IncRNAs with a description in NCBI or Ensemble
were selected for further study in this paper. We
obtained the expression profiles of 6929 IncRNAs from
the RNA-seq data of the TCGA LIHC cohort. Differentially
expressed IncRNAs (DELs) between the HCC specimens
and peritumor liver specimens were identified with the
edgeR package, using an adjusted P < 0.05 and log:
|fold change| > 1. The expression level of each IncRNA
was log: transformed for the downstream analyses.

Identification of prognostic IncRNAs and construction
of the risk formula for overall survival prediction
Univariate Cox proportional hazards regression was
performed to obtain the DELs that were significantly
associated with the overall survival (OS) of HCC patients
in the training group. After acquiring survival-related
IncRNAs (P < 0.01), we excluded those not expressed
in at least 10% of the samples. The remaining OS-
related IncRNAs were then adjusted sing the stepwise
multivariate Cox regression model. Finally, those
INcRNAs fitted in the multivariate Cox regression model
and independently associated with OS were chosen. A
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Figure 1 Volcano plot of the differentially expressed long non-coding
RNAs between hepatocellular carcinoma tumor specimens and
peritumoral liver specimens. The X-axis represents the adjusted FDR, and
the Y-axis represents the value of the logz fold change. Aberrantly expressed
long non-coding RNAs (IncRNAs) were calculated using the EdgeR package.
Red dots represent upregulated IncRNAs in the hepatocellular carcinoma (HCC)
tumor specimens, while green dots indicate downregulated INcRNAs compared
with the peritumoral liver specimens. Black dots show the IncRNAs without
significant differences between the HCC tumor and peritumoral liver specimens.
Altogether, 2240 upregulated and 353 downregulated IncRNAs were found.
This volcano plot was conducted using the ggplot2 package of R language.

prognostic risk formula was established based on a linear
combination of the expression level of these IncRNAs
multiplied by the regression coefficient derived from
the multivariate Cox regression model as previously
described™® 2, The subjects in each dataset were
classified into a high-risk group and low-risk group
according to the median risk score of the risk formula
derived from the training set.

Statistical analysis

Univariate Cox proportional hazards regression was
performed to obtain survival-related DELs, and the
stepwise multivariate Cox regression model was
performed for further selection. Overall survival analyses
in the high-risk and low-risk groups were performed
using Kaplan-Meier survival curves and a log-rank test.
Receiver operating curve analyses were performed to
assess the specificity and sensitivity of the prognosis
prediction. The above analyses were performed
using R (version 3.3.1). To verify the independence
of the prognostic value of the 5-IncRNA signature
and clinicopathological parameters, univariate and
multivariate Cox regression analyses were performed
using SPSS software (version 24.0). In the comparison
study, Kaplan-Meier survival analysis and receiver
operating curve (ROC) analysis were also performed
using SPSS (version 24.0).

Functional enrichment analyses
To identify co-expressed IncRNA-mRNA pairs, we
performed Person correlation analyses with R (version
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3.3.1) for each of the five IncRNAs with protein-coding
genes based on the RNA-seq data of the TCGA LIHC
cohort. The protein-coding genes with a correlation
coefficient > 0.5 and a P < 0.01 were considered
to be significantly correlated genes. For functional
enrichment analysis, the correlated protein-coding
genes were subjected to gene ontology (GO) and Kyoto
Encyclopediaof Genes and Genomes (KEGG) pathway
analyses using DAVID Bioinformatics Resources (version
6.8)”?%, Significant functional categories were identified
and limited to GO terms in the “Biological Process”
(GOTERM-BP-DIRECT) and KEGG pathway categories,
using the human whole genome as the background.
Significantly enriched GO terms with similar functions
were visualized using the EnrichmentMap plugin in
Cytoscape (version 3.5.1)%%,

RESULTS

Determining prognostic IncRNAs from the training set
Using the edgeR package, we identified a total of 2593
IncRNAs differentially expressed (logz|fold change| >
1 and adjusted P < 0.05) between 374 HCC tumor
specimens and 50 peritumor liver specimens, including
2240 upregulated and 353 downregulated IncRNAs
(Figure 1). A total of 370 HCC samples with complete
survival information were subjected to further analyses.
For the training set, univariate Cox proportional hazards
regression analyses revealed 82 IncRNAs significantly
correlated with OS (P < 0.01) among the 2593
differentially expressed IncRNAs. Among the 82 OS-
related IncRNAs, we further excluded those expressed in
less than 10% of the HCC specimens, and the remaining
30 IncRNAs were subjected to further selection.

Construction of a IncRNA-based prognostic signature
and validation in the training group

Stepwise multivariable Cox proportional hazards re-
gression analyses were performed to identify the
optimal prognostic INncRNAs among the 30 candidate
IncRNAs. Based on this model, a final 5 IncRNAs were
found to be significantly and independently related to
prognosis. We then constructed a prognostic signature
based on the expression levels of these 5 IncRNAs and
their coefficients derived from the multivariable Cox
model. The formula is as follows: risk score = (-0.1900
x the expression level of AC015908.3) + (0.1764 X
the expression level of FOXD2-AS1) + (0.3588 x the
expression level of AC091057.3) + (0.5615 X the
expression level of TMCC1-AS1) + (0.4877 x the
expression level of DCST1-AS1). Detailed information
for the 5 IncRNAs is listed in Table 2. The risk score
for each patient in the training group was calculated
using the formula. The training set was then divided
into a high-risk group (n = 92) and a low-risk group
(n = 92) according to the median risk score. Kaplan-
Meier analysis revealed that the high-risk group had
a significantly poorer prognosis than that of the low-
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Table 2 The 5 long non-coding RNA:s significantly associated with overall survival of hepatocellular carcinoma patients

Gene ID Gene symbol Coefficient Hazard ratio P value
ENSG00000264016 AC015908.3 -0.1900 0.7792 0.000305
ENSG00000237424 FOXD2-AS1 0.1764 1.2865 0.007317
ENSG00000269974 AC091057.3 0.3588 1.4682 0.000375
ENSG00000271270 TMCC1-AS1 0.5615 1.5417 0.000287
ENSG00000232093 DCST1-AS1 0.4877 1.3909 0.001632

risk group (P = 1.3e-09, log-rank test, Figure 2A). The
median survival time for the high-risk group and the
low-risk group was 2.096 and 6.811 years, respectively.
Additionally, the 3- and 5-year survival rates of the
high-risk group were 40% and 23.5%, whereas the
corresponding survival rates were 90% and 71.8%,
respectively, in the low-risk group. To evaluate the
performance of the 5-IncRNA signature for predicting
the prognosis of HCC patients, a time-dependent ROC
analysis was conducted. The area under the ROC curve
(AUC) for the 5-IncRNA signature was 0.857, which
indicated good performance (Figure 2B). The risk scores
of patients in the training group were also ranked, and
survival status was plotted for each patient on a dot
plot (Figure 2C). The mortality for patients in the high-
risk group was much higher than that in the low-risk
group. A heat map displays the expression profiles of
these five IncRNAs in the samples from the training
group; the expression profiles are ranked according
to risk score (Figure 2D). Among the 5 IncRNAs,
AC015908.3 showed a negative coefficient derived for
the multivariate Cox regression model and seemed to
be a protective factor, as its high expression predicts a
low risk. The other 4 IncRNAs with positive coefficients,
including FOXD2-AS1, AC091057.3, TMCC1-AS1 and
DCST1-AS1, seemed to be risk factors and all were
upregulated in the high-risk group compared to the low-
risk group within the training set.

Validation of the prognostic value of the 5-IncRNA
signature for the test set and the entire cohort

To further verify the prognostic value of the 5-IncRNA
signature for HCC patients, risk scores for patients
in the test group were calculated according to the
constructed formula based on the expression of the
5 IncRNAs. The test group was also divided into high-
risk (n = 97) and low-risk (n = 89) groups using the
same cutoff as for the training group. Kaplan-Meier
analysis revealed that the survival rate of the high-risk
subgroup was much lower than that of the low-risk
subgroup in the test set (median OS: 2.293 years vs
8.562 years; log-rank P = 1.64e-05) (Figure 3A). For
the entire set, a similar result was obtained by Kaplan-
Meier analysis. Among the entire cohort, the median
survival of the high-risk group (n = 189) was 2.197
years, which was significantly lower than the median
OS of 6.937 years for the low-risk group (n = 181) (P =
2.69e-13, Figure 4A). The AUC for the 5-IncRNA-based
risk score of overall survival was 0.709 and 0.769 for
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the test group (Figure 3B) and the entire group (Figure
4B), respectively, with both showing robust utility. In
addition, ranked risk scores and survival status for each
subject were plotted for the test group (Figure 3C)
and the entire set (Figure 4C). Heatmaps display the
expression profiles of the five IncRNAs for each subject
in the test group (Figure 3D) and the entire cohort
(Figure 4D), which were ranked according to risk score.

The prognostic value of the 5-IncRNA signature was
independent of clinical characteristics

Univariate and multivariate Cox regression analyses
were performed with the 5-IncRNA-based risk score
and clinicopathological factors, including age, gender,
weight, Child-Pugh grading, fibrosis extent, vascular
tumor invasion, serum FAP levels, tumor grade and
pathological stage as explanatory variables and overall
survival as the dependent variable. The univariate Cox
regression demonstrated that the 5-IncRNA signature-
based risk score and pathologic stage were able to
effectively predict the prognosis of HCC patients. In
addition, in the training set and the entire set, patient
age seemed to be related to survival, although this did
not reach significance (Table 3). In contrast, none of the
other clinicopathological parameters were associated
with prognosis in either set. Multivariate Cox regression
analysis revealed that after adjusting for other factors,
age (only for the entire set), pathologic stage and the
5-IncRNAsignature were the only factors significantly
associated with overall survival (Table 2). Patients from
the entire cohort were then stratified by age (Figure
5A) and pathological stage (Figure 5B). Each subgroup
was then divided into a high-risk and low-risk group
based on the 5-IncRNA risk score median derived from
the training group. Kaplan-Meier analysis revealed
that for all of the subgroups, the high-risk group had
significantly poorer survival than the low-risk group. All
of these results strongly suggest that the prognostic
value of the 5-IncRNA-based risk score is independent
of clinicopathological factors.

Comparison of the 5-IncRNA signature with existing
prognostic signatures for HCC

Two HCC-related prognostic signatures have recently
been developed and reported, including a 3-gene
signature by Binghua Li and a 4-IncRNA signature by
Zhonghao Wang that were both derived from the TCGA
dataset™™?®!, To compare the prognostic value of the
5-IncRNA signature developed in our present study
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Figure 2 The 5-long non-coding RNA signature-based risk score predicted the overall survival of patients with hepatocellular carcinoma in the training set
(n = 184). A: Kaplan-Meier analysis of patients’ overall survival in the high-risk (n = 92) and low-risk (n = 92) subgroups of the training set; B: The receiver operating
characteristic (ROC) analysis of the risk score for prediction the overall survival of the training set. The area under the curve was calculated for ROC curves; C: The
5-IncRNA-based risk score distribution, patient survival status; D: Heatmap of the 5-IncRNA expression profiles in the high-risk and low-risk subgroups for the training set.

(hereafter referred to as 5LncSig) with the existing
3-gene signature by Binghua Li (hereafter referred to
as 3GeneSig) and the 4-IncRNA signature by Zhonghao
Wang (hereafter referred to as ZhongSig), we calculated
the risk scores of each patient in the entire cohort based
on formulae derived from each of these signatures.
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The 3GeneSig and ZhongSig both successfully and
significantly predicted prognosis in the entire TCGA LIHC
cohort (Figure 6A and B). Furthermore, comparison
of the Kaplan-Meier curves revealed that patients in
the high-risk group predicted by 5LncSig showed a
dramatically poorer prognosis than those in the low-
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Table 3 Univariate and multivariate Cox regression analysis of overall survival

Variables Univariate analysis Multivariate analysis
HR 95%ClI of HR P value HR 95%Cl of HR P value
Training set (n = 184)
Risk score 2.718 2.093-3.530 <0.0001 2.830 2.091-3.831 <0.0001
Age 1.018 0.998-1.038 0.073
Sex (Male/Female) 1.022 0.619-1.690 0.931
Weight 1.006 0.993-1.108 0.397
Child-Pugh grade 0.845 0.253-2.827 0.195
Fibrosis ishak score 0.685 0.756-1.283 0.910
Vascular invasion (yes/no) 0.834 0.480-1.449 0.519
FAP 0.805 0.932-1.056 0.805
Tumor grade
(G1+G2/G3 + G4) 1.133 0.680-1.887 0.632
Pathologic stage 1.900 1.098-3.288 0.022
/0 0.604 0.303-1.203 0.152
I/ + IV 0.298 0.163-0.543 <0.0001
Test set (n =186)
Risk score 1.603 1.270-2.024 <0.0001 1.568 1.196-2.055 0.001
Age 1.006 0.987-1.026 0.522
Sex (Male/Female) 1.420 0.856-2.356 0.174
Weight 1.000 0.984-1.105 0.960
Child-Pugh grade 0.475 0.195-1.157 0.101
Fibrosis ishak score 1.640 0.706-3.813 0.250
Vascular invasion (yes/no) 1.069 0.613-1.866 0.614
FAP 1.035 0.981-1.093 0.210
Tumor grade
(G1+G2/G3 +G4) 1.092 0.655-1.818 0.736
Pathologic stage 2.103 1.193-3.707 0.010
I/0 0.865 0.426-1.757 0.688
[/ + IV 0.445 0.250-0.793 0.006
Entire set (n = 370)
Risk score 1.957 1.646-2.327 <0.0001 2.011 1.638-2.469 < 0.0001
Age 1.013 0.999-1.027 0.068 1.016 1.000-1.032 0.048
Sex (Male/Female) 1.166 0.817-1.664 0.396
Weight 0.998 0.988-1.007 0.615
Child-Pugh grade (A/B + C) 0.620 0.306-1.256 0.184
Fibrosis ishak score 1.232 0.742-2.045 0.365
Vascular invasion 0.962 0.650-1.424 0.846
(yes/no)
Serum AFP level 1.023 0.980-1.068 0.306
Tumor grade
(G1+G2/G3 +G4) 1.119 0.780-1.604 0.542
Pathologic stage 2.017 1.359-2.993 0.027
/0 0.648 0.398-1.056 0.082
I/ +1V 0.351 0.236-0.524 <0.0001

risk groups predicted by the 3GeneSig and ZhongSig
(Figure 6A and B), and patients in the low-risk group
predicted by 5LncSig had a much better prognosis than
those in the high-risk group predicted by the other
two signatures (Figure 6A and B). To compare the
sensitivity and specificity of the 5LncSig for prognosis
prediction with the other two existing signatures, we
performed time-dependent ROC analysis. The AUC of
overall survival for the 3GeneSig and the ZhongSig was
0.701 and 0.721, respectively (Figure 6C), both lower
than that of the 5LncSig (0.769). Thus, the prognostic
power of 5LncSig, developed in the present study, was
superior to that of the previously developed 3-gene and
4-IncRNA signatures.

Functional characteristics of the five prognostic
IncRNAs
To explore the functional implications of these 5 INCRNAs,
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we performed Pearson correlation analyses between
the 5 IncRNAs and protein-coding genes based on their
expression levels in the TCGA LIHC cohort. The protein-
coding genes that correlated with at least 1 of the 5
IncRNAs (Pearson coefficient > 0.5, P < 0.01) were
considered to be correlated genes. We chose the 200
correlated genes with the highest Pearson coefficients
for further analysis. Functional enrichment analysis
revealed that these genes were primarily enriched in 32
GO terms (Benjamin P value < 0.1, Figure 7A) and 23
KEGG pathways (P < 0.001, Figure 7B). Further analysis
revealed that these enriched GO functional terms are
mostly involved in metabolic processes, fibrinolysis and
complement activation (Figure 7A).

DISCUSSION

HCC is a heterogeneous disease with differential
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Figure 3 Validation of the prognostic value of the 5-long non-coding RNA signature for the hepatocellular carcinoma patients in the test group. A: Kaplan-
Meier analysis indicated that patients in the high-risk (n = 97) subgroup exhibited significantly poorer survival than the low-risk subgroup (n = 89) in the test group; B:
The receiver operating characteristic analysis of the risk score for predicting the overall survival of the test set; C: The 5-long non-coding RNA (IncRNA)-based risk
score distribution, patient survival status; D: Heatmap of the 5-IncRNA expression profiles in the high-risk and low-risk subgroups of the test set.

prognoses and a high mortality. Until now, no biomarkers
have been shown to effectively predict the survival of
HCC patients, and thus, finding effective biomarkers for
HCC is crucial.

Previous investigations of gene regulation and disease
pathogenesis have mainly focused on protein-coding
genes, which account for only a very small proportion
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(2%) of transcribed genes in eukaryotic species!,

Recent developments in genome and transcriptome
sequencing technologies have profoundly expanded our
knowledge of non-coding RNAs, which are much more
abundant than canonical protein-coding mRNAs?*>!,
Multiple studies indicate that IncRNAs act not only
as intermediaries between DNA and protein but also
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Figure 4 The prognostic value of the 5-long non-coding RNA signature for the hepatocellular carcinoma patients in the entire set (n = 370). A: Kaplan-Meier
analysis of patients’ overall survival in the high-risk (n = 189) and low-risk subgroups (n = 181) for the entire set; B: The receiver operating characteristic analysis
of the risk score for predicting the overall survival of the test set; C: The 5-long non-coding RNA (5-IncRNA)-based risk score distribution, patient survival status; D:
Heatmap of the 5-IncRNA expression profiles in the high-risk and low-risk subgroups for the entire set.

as important regulators of diverse cellular functions.
IncRNAs have been shown to regulate the expression
and function of protein-coding genes at the chromatin,
transcriptional and post-transcriptional levels”™". Many
studies have revealed the contribution of IncRNAs in
cancer development, indicating their potential as novel
biomarkers for cancer diagnosis and prognosis™>>°.
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LncRNA signatures for prognostic prediction
prognoses have been developed for many cancers
including renal cancer, glioblastoma, and colorectal
cancer, among others!®*?!, Regarding HCC, the existing
gene signatures for survival prediction have focused
mostly on mRNAs and microRNAs. Several potential
IncRNA biomarkers associated with the progression and
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the overall survival of patients with different pathological stages.

prognosis of HCC have been identified, such as TSLNCS,
HOXD-AS1 and CACS2P%, These IncRNAs are thought
to impact HCC progression through their regulation of
tumor cell proliferation, EMT, apoptosis and migration.
Although many of these IncRNAs are closely associated

JRaishideng®
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with the prognosis and survival of HCC patients, their
prognostic value has been tested only in small-scale
studies; they have not yet been validated in a large
clinical cohort. Until now, relatively few comprehensive
IncRNA signatures for the prediction of HCC survival
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of overall survival for the 5-IncRNA signature, ZhongSig and 3GeneSig.

have been constructed™®. TCGA is an open-access
database including samples from hundreds of patients
with various malignancies. In the present study, we
downloaded the RNA sequencing data of the TCGA LIHC
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cohort and acquired IncRNA expression profiles for HCC
patients in the dataset. Using univariate and stepwise
multivariate Cox regression analyses, we developed a
prognostic formula for HCC based on the expression
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of 5 IncRNAs including AC015908.3, AC091057.3, training set, HCC patients with high-risk scores based
TMCC1-AS1, DCST1-AS1 and FOXD2-AS1. In the on the 5-IncRNA signature had a significantly reduced
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survival time compared to those with low-risk scores.
The prognostic value of the 5-IncRNA signature for HCC
patients was further validated in the test group and the
entire group, with robust and reproducible predictive
indices. The results of these analyses suggest that the
prognostic value of the 5-IncRNA-based risk model
is robust and reliable for predicting survival in HCC
patients.

In the present study, when adjusted using multi-
variate Cox regression analyses, age (only for the entire
set), pathological stage and the 5-IncRNA signature
were shown to independently predict the survival of
HCC patients. The results of stratification analyses
demonstrated that the prognostic value of the 5-IncRNA
signature remained significant and robust in HCC
subgroups stratified by age and pathological stage. In an
attempt to further validate its prognostic value in other
HCC cohorts, we downloaded data from several GEO
datasets. Unfortunately, most of the 5 IncRNA probes
could not be found. There are many existing prognostic
signatures for HCC, and we therefore compared our
5-IncRNA signature with two recently developed
signatures: a 3-gene signature and a 4-IncRNA signature.
The results indicate that the predictive performance of
the 5-IncRNA signature was superior to that of the other
two signatures for HCC overall survival.

To the best of our knowledge, the functions of
these 5 IncRNAs have not been reported. Functional
enrichment analysis revealed that the protein-coding
genes that were significantly correlated with these
5IncRNAs are enriched for metabolic processes,
fibrinolysis and complement activation. KEGG pathway
analysis revealed that these genes are enriched in
pathways related to metabolism. These results suggest
that the 5 IncRNAs may participate in the initiation and
progression of HCC through these pathways. However,
further studies are needed to investigate and validate
the functions of these 5 IncRNAs.

In conclusion, our present study developed a
5-IncRNA signature for predicting the prognosis of HCC
patients. The signature was reproducible and robust in a
second independent large-scale HCC cohort, supporting
its value and effectiveness. In addition, the prognostic
value of the 5-IncRNA signature was independent
of clinicopathological variables. Our study indicates
that the 5-IncRNA signature could improve survival
prediction and could be used as a prognostic biomarker
for HCC patients.

ARTICLE HIGHLIGHTS

Research background

Hepatocellular carcinoma (HCC) is the sixth most commonly diagnosed cancer
in the world. Although treatment for HCC, including surgical resection, has
improved over the past decades, its overall survival rate remains devastatingly
high due to its high rate of recurrence. Because HCC is a heterogeneous
disease with substantially variable clinical outcomes, the search for effective
biomarkers to predict recurrence and prognosis is crucial.
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Research motivation

Recent studies have demonstrated the importance of long non-coding RNAs
(IncRNAs) in physiological and pathological cellular processes. Increasing
evidence suggests that IncRNA dysregulation is associated with various human
diseases, particularly the initiation and progression of various human cancers.
For patients with HCC, most of the existing prognostic signatures have focused
on mRNAs or microRNAs, and only a few IncRNA signatures have been
developed. In the present study, we aimed to construct a IncRNA signature for
the prediction of HCC prognosis with high efficiency.

Research objectives
To construct a IncRNA signature for the prediction of HCC prognosis with high
efficiency.

Research methods

Differentially expressed IncRNAs (DELs) between HCC specimens and
peritumor liver specimens were acquired from the The Cancer Genome Atlas
(TCGA) LIHC dataset using the edgeR package. Univariate Cox proportional
hazards regression was performed to identify the DELs that were significantly
associated with overall survival for the training set. The stepwise multivariate
Cox regression model was applied. Those IncRNAs fitted in the multivariate
Cox regression model and independently associated with overall survival were
chosen to build a prognostic risk formula. The prognostic value of this formula
was validated in the test group and the full cohort and further compared with
two previously developed prognostic signatures for HCC.

Research results

We identified a five-IncRNA prognostic signature from the TCGA dataset and
determined that its prognostic value was independent from clinicopathological
factors. The signature was reproducible and robust in another independent
large-scale HCC cohort, supporting its utility and effectiveness.

Research conclusions
This study constructed a 5-IncRNA signature that improves survival prediction,
and can be used as a prognostic biomarker for HCC patients.
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