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Abstract. This study was conducted to screen prognosis‑​
associated long‑noncoding RNAs (lncRNAs) and a 
prognosis assessment model in hepatocellular carcinoma 
(HCC). lncRNA‑ and mRNA‑sequencing data of early‑stage 
HCC samples were downloaded from The Cancer Genome 
Atlas database. The samples were divided into training set 
and validation set. Differentially expressed lncRNAs (DELs) 
between poor prognosis and good prognosis samples were 
screened with DEseq and edgeR. Cox regression analysis was 
conducted to identify prognosis‑associated lncRNAs in the 
training set. A prognosis risk assessment model was estab-
lished to calculate the risk score for each patient in the training 
set, and the prognosis prediction function was tested and vali-
dated in the validation dataset. The connection between the 
risk assessment model and clinical features was analyzed. A 
co‑expression network between lncRNAs and corresponding 
genes was constructed, and functional enrichment was 
performed for these genes. A total of 81 DELs were screened 
between poor and good prognosis samples in the training 
set, and 43 prognosis‑associated lncRNAs were observed. Of 
these DELs, five were used to construct the risk assessment 
model (RP11‑325L7.2, DKFZP434L187, RP11‑100L22.4, 
DLX2‑AS1 and RP11‑104L21.3). Low‑risk samples exhibited 
longer survival time compared with the high‑risk samples. The 
five lncRNAs exhibited significant differences in expression 
levels between different prognosis groups. Risk score was an 

independent prognostic factor for HCC. In the entire set, the 
low‑risk group demonstrated significantly better prognosis 
compared with the high‑risk group, even across all age, sex and 
alcohol consumption subgroups. ‘Nucleoside‑triphosphatase 
regulator activity’, ‘GTPase regulator activity’, ‘enzyme 
binding’, ‘peroxisome proliferator‑activated receptor signaling 
pathway’ and ‘fatty acid metabolism’ were the most signifi-
cantly enriched functional terms. The signature lncRNAs 
screened in this study may have constitute novel strategies and 
biomarkers that predict the prognosis of HCC, and these may 
also contribute to a deeper understanding of the mechanisms 
underlying HCC development. 

Introduction

Hepatocellular carcinoma (HCC), a primary malignancy 
of the liver, predominantly occurs in patients with chronic 
liver disease and cirrhosis. HCC is the most common type of 
primary liver cancer in adults, and the most common cause of 
mortality in patients with cirrhosis (1). An estimated 662,000 
HCC‑associated mortalities are reported annually worldwide, 
and half of these cases have occurred in China (2).

The prognosis of HCC is poor, as only 10‑20% carci-
nomas can be completely removed by surgery. The patients 
usually succumb to the disease within 3‑6 months (3). With 
the approval of sorafenib for advanced HCC treatment, the 
prognosis of metastatic or unresectable HCC has improved (4). 
However, more advanced and efficient therapies, and better 
prognostic molecular markers are required.

Long‑noncoding RNAs (lncRNAs), accounting for 80% of 
noncoding RNAs, are defined as endogenous cellular RNAs 
longer than 200 nucleotides that lack an obvious open‑reading 
frame (5). The role of lncRNAs in the carcinogenesis, micro-
vascular invasion and metastasis of HCCs has been reported 
in a number of studies (6‑8). For instance, the overexpression 
of lncRNA‑urothelial cancer associated 1 contributed to HCC 
progression through the inhibition of miR‑216b, and subsequent 
activation of the fibroblast growth factor receptor 1/extracel-
lular signal‑regulated kinase signaling pathway (9). lncRNA 
HOX transcript antisense RNA (HOTAIR) overexpression 
was demonstrated to predict tumor recurrence in patients 
with HCC following liver transplantation (3). Furthermore, 
upregulation of lncRNA ZEB1‑antisense RNA 1 (AS1) and 
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ANRIL expression was reported to predict a poorer prognosis 
in HCC (10,11). In comparison with HCC patients without 
HOTAIR expression, those with high HOTAIR expression 
exhibited significantly poorer prognosis (12). Downregulation 
of lncRNA growth arrest specific 5 expression was also 
associated with HCC prognosis (13). Despite these studies, 
the functions of multiple lncRNAs in HCC remain unclear. 
Therefore, a comprehensive analysis of HCC‑associated 
lncRNAs is necessary in order to reveal possible biomarkers 
and/or potential therapeutic targets.

In the present study, RNA‑sequencing (RNA‑seq) data 
of HCC samples were studied to select signature lncRNAs 
for the prognosis of HCC. Differentially expressed lncRNAs 
(DELs) were identified, and prognosis‑associated lncRNAs 
were screened. Based on a risk score calculated using 
prognosis‑linked lncRNAs, a risk assessment model was 
established. This model was tested by performing a survival 
analysis of high‑risk and low‑risk samples from the validation 
and entire datasets. Multivariate and univariate analyses were 
performed to investigate prognosis‑associated clinical factors. 
Moreover, the genes associated with signature lncRNAs were 
screened for co‑expression network and functional enrichment 
analyses.

Materials and methods

Data acquisition and processing. The RNA‑seq data of 
HCC samples were downloaded from The Cancer Genome 
Atlas database (https://gdc‑portal.nci.nih.gov/; May 8, 2017). 
A total of 424 samples were analyzed based on Illumina 
HiSeq 2000 RNA Sequencing platform. Of these, 261 
samples from early stage (stage I and II) cancer were used 
in the present study. Among these samples, 194 samples 
with available clinical information were retained, and the 
samples with <6‑month recurrence‑free survival (RFS) 
time and the non‑recurrent samples were discarded. Hence, 
167 samples remained for further analyses, and these were 
randomly divided into training (83 samples) and validation 
datasets (84 samples).

Screening of DELs. The 83 training samples were divided 
into poor prognosis samples (recurrence samples with RFS 
<24  months) and good prognosis samples (non‑recurrent 
samples with RFS >24 months). DEseq (14) and edgeR (15) 
packages in R (version 3.1.0; R‑project.org/) were used for 
the screening of the DELs between poor and good prognosis 
samples. The threshold was set as false discovery rate <0.05 
and |log(fold change)|>1.3. Overlapping lncRNAs screened 
using the two packages were used for further analyses.

Screening of prognosis‑associated lncRNAs. Cox regres-
sion analysis was conducted for the identification of 
prognosis‑associated lncRNAs in the training set using the 
survival package in R (16). The significance of the identi-
fied lncRNAs was tested with log‑rank test, and P<0.05 was 
considered to indicate a statistically significant difference.

Construction of a risk assessment model. The prognostic risk 
of each sample in the training set was calculated using the 
regression coefficients of prognosis‑associated lncRNAs via 

multivariate Cox regression analysis. The following formula 
was used for calculation, wherein the regression coefficient of 
each lncRNA was weighted: 

where, β lncRNAn indicates the multivariate Cox regression 
coefficient and exprlncRNAn indicates the expression level of 
lncRNAn.

Association between risk assessment model and clinical 
feature. The obtained formula was used to calculate the risk 
score of patients in the validation set. The median risk score was 
used to distinguish between high‑risk and low‑risk samples. 
The survival information was compared using Kaplan‑Meier 
survival analysis and receiver operating characteristic (ROC) 
curve (17). The area under the ROC curve (AUC) indicated 
the accuracy of prognosis. An AUC >0.5 indicated a relatively 
high accuracy of prognosis, with higher AUC values indicating 
a more accurate prognosis. The high‑risk and low‑risk samples 
were also subjected to Cox regression analysis to screen for 
prognosis risk‑associated clinical features. The independent 
prognosis factors were identified using both univariate and 
multivariate Cox regression analyses. Moreover, the associa-
tion between high or low risk and prognosis under the same 
clinical status was tested.

Co‑expression network and functional enrichment. 
The co‑expression network between lncRNAs and the 
corresponding mRNAs was constructed using the MEM 
package (18,19). P<0.05 was used as the cut‑off selection crite-
rion. Gene pairs associated with lncRNAs were obtained from 
the Search Tool for the Retrieval of Interacting Genes/Proteins 
database (string‑db.org/), using a connection score >0.4 as 
threshold. A co‑expression network of these genes was also 
constructed. Functional enrichment of these lncRNA‑associ-
ated genes was conducted using the Database for Annotation, 
Visualization and Integrated Discovery (david.ncifcrf.gov/), 
and P<0.05 was set as the cut‑off value (20).

Results

Identification and validation of five lncRNA prognostic 
signatures in two datasets. The clinical information of the 
samples in the training set, validation set and entire set is 
presented in Table I. A total of 23 poor prognosis samples 
and 18 good prognosis samples were reported in the training 
set. Using edgeR and DEseq packages for R, 117 and 225 
DELs were screened comparing the poor and good prognosis 
samples, respectively. The bidirectional hierarchical clus-
tering results of the overlapped 81 lncRNAs are displayed 
in Fig. 1. 

A total of 43 prognosis‑associated lncRNAs were 
obtained using univariate Cox regression analysis. Five of 
these lncRNAs were selected for multivariate Cox regres-
sion analysis to construct the risk assessment model. These 
five signature lncRNAs were RP11‑325L7.2, DKFZP434L187, 
RP11‑100L22.4, DLX2‑AS1 and RP11‑104L21.3 (Table II). 
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Table I. Clinical information of samples in training set, validation set and entire set.

	 Stage I + II
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinical parameters	 Training set (n=83)	 Testing set (n=84)	E ntire set (n=167)

Age (years, mean ± sd)	 58.99±11.82	 58.42±13.35	 59.14±12.59
Gender (male/female)	 61/22	 56/28	 117/50
Pathologic M (M0/‑)	 64/19	 70/14	 134/33
Pathologic N (N0/‑)	 61/22	 63/21	 124/43
Pathologic T (T1/T2)	 55/28	 58/26	 113/54
Virus infection (HBV/HCV/mixed/non)	 14/5/14/50	 10/4/8/62	 24/9/22/112
Alcohol consumption (yes/no/‑)	 29/47/7	 22/59/3	 51/106/10
Recurrence (yes/no)	 31/52	 32/52	 63/104
Recurrence free survival time (months, mean ± sd)	 24.07±20.45	 24.56±21.41	 24.32±20.87

sd, standard deviation; ‑, data unavailable; HBV, hepatitis B virus; HCV, hepatitis C virus.

Table II. lncRNAs in the risk assessment model.

lncRNA	 Coefficient	 HR	 Lower .95	 Upper .95	 P‑value

RP11‑325L7.2	‑ 0.9283	 0.3952	 0.2193	 0.7124	 0.002
DKFZP434L187	‑ 0.2867	 0.7508	 0.6238	 0.9036	 0.002
RP11‑100L22.4	‑ 0.6785	 0.5074	 0.2808	 0.9167	 0.025
DLX2‑AS1	 0.3590	 1.4319	 1.0420	 1.9678	 0.027
RP11‑104L21.3	 0.6786	 1.9711	 1.0793	 3.5996	 0.027

lncRNA, long noncoding RNA; HR, hazard ratio.

Figure 1. DEL analysis. (A) DELs identified using the DESeq package. (B) DELs identified using the edgeR package. (C) Overlapping DELs between the 
selection methods. (D) Heatmap of the 81 common DELs in the good and poor prognosis groups. Blue represents bad prognosis sample, while yellow indicates 
good prognosis sample. DEL, differentially expressed long noncoding RNA; FDR, false discovery rate.

https://www.spandidos-publications.com/10.3892/mmr.2019.10203
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These five lncRNAs were used to evaluate the HCC risk 
in each patient. The risk score distribution, RFS status and 
expression of five signature lncRNAs in training set, validation 

set and entire set are depicted in Fig. 2. Their distributions 
were similar, supporting the robust prediction ability of the 
five lncRNA‑based risk score assessment model.

Figure 2. Risk score distributions, RFS status, and expressions of five signature lncRNAs in three datasets. Risk score distributions, RFS status, and expressions 
of lncRNAs in the (A) training set, (B) validation set and (C) entire set. In the risk score distribution graphs, the horizontal axis represents samples categorized 
between low and high‑risk scores, while the vertical axis represents risk scores. In the RFS status graphs, the horizontal axis represents samples with low to 
high‑risk scores, while vertical axis represents RFS time. Recurrence samples and non‑recurrence samples are marked in red and black, respectively. RFS, 
recurrence‑free survival; lncRNAs, long noncoding RNAs. 
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Survival analysis using the five lncRNAs in the training, valida‑
tion and entire sets. Using the risk assessment model, samples in 
the training set were divided into high‑risk group (42 samples) 
and low‑risk group (41 samples). The Kaplan‑Meier survival 
curves indicated that the samples from the low‑risk group had 
longer survival times compared with those from the high‑risk 
group (average RFS was 27.22±22.23 vs. 21.01±18.28 months) 
in the training set (Fig. 3A). Similar results were observed 
for the samples from the validation set. Samples from the 
low‑risk group had longer survival times compared with those 

from the high‑risk group (average RFS was 33.50±24.67 vs. 
15.62±12.45 months; Fig. 3B). The samples from the low‑risk 
group similarly exhibited longer survival times compared with 
those from the high‑risk group (average RFS was 30.39±23.57 
vs. 18.31±5.78 months; Fig. 3C) in the entire set. The average 
AUC value of these five lncRNAs in the training set was 0.905 
(Fig. 3D), suggestive of the highly accurate prognosis using these 
five lncRNAs. The average AUC value of these five lncRNAs in 
the validation set was 0.849 (Fig. 3E). The average AUC value of 
the lncRNAs for the entire dataset was 0.942 (Fig. 3F).

Figure 3. Kaplan‑Meier curves of recurrence free survival and receiver operating characteristic for the five long noncoding RNAs. Kaplan‑Meier curves in 
training set (A), validation set (B) and entire set (C). Horizontal axis represents the survival period and the vertical axis represents the frequency. Red lines 
represent high‑risk group samples, blue lines represent low‑risk group samples. Receiver operating characteristic curves in training set (D), validation set (E) 
and entire set (F). The abscissa represents sensitivity and the ordinate represents specificity. AUC, area under the curve.

Figure 4. Expression level comparisons of the five signature lncRNAs in high‑ and low‑risk samples across the three datasets. Expression levels in (A) training 
set, (B) validation set and (C) entire set. The expression level in low‑risk samples is displayed in green, while the expression level in high‑risk samples is 
displayed in red. *P<0.05, **P<0.01 and ***P<0.005. lncRNA, long noncoding RNA.

https://www.spandidos-publications.com/10.3892/mmr.2019.10203
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Figure 5. Predictive effect of each signature lncRNA for high‑risk and low‑risk samples in the validation set. Kaplan‑Meier survival curves for (A) RP11‑325L7.2, 
(B) DKFZP434L187, (C) RP11‑100L22.4, (D) RP11‑104L21.3 and (E) DLX2‑AS1 lncRNAs. High‑risk and low‑risk samples are marked in red and blue, 
respectively. Receiver operating characteristic curves for (F) RP11‑325L7.2, (G) DKFZP434L187, (H) RP11‑100L22.4, (I) DLX2‑AS1 and (J) RP11‑104L21.3 
lncRNAs. lncRNA, long noncoding RNA; AUC, area under the curve.
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Significant differences were observed in the expression 
levels of these five lncRNAs between samples from the low‑ 
and high‑risk groups in training set, validation set and entire 
set (P<0.05; Fig. 4A-C, respectively). Expression levels of 
DLX2‑AS1 and RP11‑104L21.3 were significantly higher in 
the samples from the high‑risk group compared with those 
from the low‑risk group, whereas the expression levels of 
DKFZP434L187, RP11‑100L22.4 and RP11‑325L7.2 were 
significantly lower in the samples from the high‑risk group 
compared with those from the low‑risk group (P<0.05).

Association between survival information and expression 
pattern was different for the five lncRNAs. In the validation set, 
high expression samples had a longer survival time compared with 
the low expression group for RP11‑325L7.2, DKFZP434L187, 
RP11‑100L22.4 and RP11‑104L21.3 (Fig. 5A‑D, respectively), 
suggesting that the high expression of these lncRNAs may 

be associated with good prognosis. Low DLX2‑AS1 expres-
sion was associated with longer survival time compared with 
those from the high expression group (Fig. 5E), indicating that 
high expression of DLX2‑AS1 may be associated with poor 
prognosis. The AUC values for prognosis using RP11‑325L7.2, 
DKFZP434L187, RP11‑100L22.4 and RP11‑104L21.3 (Fig. 5F‑I, 
respectively) were 0.650, 0.666, 0.613, and 0.638, respectively, 
indicating that these four lncRNAs demonstrated relatively high 
accuracy for prognosis, and the best performance was produced 
by DKFZP434L187. The AUC value for DLX2‑AS1 prognosis 
was 0.609 (Fig. 5J), indicative of the relatively and equally high 
accuracy of prognosis using this lncRNA. 

Prognostic factors for HCC. The results of univariate and 
multivariate Cox regression analyses are presented in Table III. 
In the training, validation and entire sets, the risk score was 

Table III. Cox regression results between clinical features and prognosis.

A, Training set (n=83)

	U nivariate analysis	 Multivariate analysis
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Variables	 HR	 95% CI	 P‑value	 HR	 95% CI	 P‑value

Risk score (high/low)	 2.557	 1.200‑5.447	 0.009	 2.452	 0.544‑3.048	 0.024
Age (≤60/>60)	 0.943	 0.464‑1.914	 0.869	 2.172	 0.526‑3.964	 0.283
Gender (male/female)	 0.938	 0.429‑2.050	 0.872	 0.528	 0.495‑1.291	 0.265
Virus infection (HBV/HCV/mixed)	 1.317	 0.723‑2.398	 0.369	 1.283	 0.653‑2.519	 0.469
Alcohol consumption (yes/no)	 1.402	 0.752‑1.963	 0.046	 1.103	 0.713‑1.933	 0.043

B, Validation set (n=84)

	U nivariate analysis	 Multivariate analysis
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Variables	 HR	 95% CI	 P‑value	 HR	 95% CI	 P‑value

Risk score (high/low)	 2.723	 1.289‑5.751	 0.012	 2.992	 1.196‑3.458	 0.034
Age (≤60/>60)	 1.107	 0.547‑2.241	 0.777	 0.265	 0.040‑1.767	 0.170
Gender (male/female)	 0.645	 0.319‑1.300	 0.216	 0.561	 0.090‑3.522	 0.538
Virus infection (HBV/HCV/mixed)	 1.098	 0.467‑2.059	 0.958	 2.243	 0.678‑7.430	 0.186
Alcohol consumption (yes/no)	 1.132	 0.298‑1.802	 0.495	 1.358	 0.520‑2.466	 0.296

C, Entire set (n=167)

	U nivariate analysis	 Multivariate analysis
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Variables	 HR	 95% CI	 P‑value	 HR	 95% CI	 P‑value

Risk score (high/low)	 2.569	 1.530‑4.315	 0.001	 1.906	 0.697‑5.205	 0.021
Age (≤60/>60)	 1.018	 0.619‑1.672	 0.944	 0.215	 0.437‑3.518	 0.686
Gender (male/female)	 0.773	 0.462‑1.294	 0.328	 0.424	 0.566‑4.132	 0.402
Virus infection (HBV/HCV/mixed)	 1.178	 0.746‑1.860	 0.481	 1.180	 0.715‑1.948	 0.517
Alcohol consumption (yes/no)	 1.542	 0.803‑1.648	 0.047	 1.209	 0.554‑1.792	 0.021

HR, hazard ratio; CI, confidence interval; HBV, hepatitis B virus; HCV, hepatitis C virus.

https://www.spandidos-publications.com/10.3892/mmr.2019.10203


SUN et al:  lncRNA RISK ASSESSMENT MODEL FOR HCC5244

significantly associated with the prognosis of patients and 
served as an independent prognostic factor (P<0.05). Alcohol 
consumption was also an independent predictive index in 
training and entire sets (P<0.05). Virus infection was not a 
significant factor (P>0.05).

The impact of high and low risk on prognosis within 
subgroups of the same clinical feature was evaluated. 
In the entire set, the low‑risk group had a significantly 
better prognosis compared with the high‑risk group in all 
age, sex and alcohol subgroups (P<0.05; Fig. 6A‑C, respectively).

Figure 6. Kaplan‑Meier curves of recurrence free survival between high‑ and low‑risk patients across the entire dataset. Survival across the entire dataset was 
divided and evaluated between (A) age, (B) sex and (C) alcohol assumption subgroups. High‑risk and low‑risk samples are marked in red and blue, respectively.
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Functional enrichment for mRNAs co‑expressed with signa‑
ture lncRNAs. The top 100 mRNAs associated with the five 
signature lncRNAs were determined for the construction 
of signature lncRNA‑mRNA co‑expression networks, and 
gene‑gene co‑expression networks of the genes connected with 
signature lncRNAs (Fig. 7). WD repeat domain 5B (WDR5B) 
was determined to be a target gene of RP11‑100L22.4 and 
RP11‑104L21.3 lncRNAs. Functional enrichment analysis 
demonstrated that ‘nucleoside‑triphosphatase regulator 
activity’, ‘GTPase regulator activity’, ‘enzyme binding’, ‘oxida-
tion‑reduction’ and ‘protein amino acid phosphorylation’ were 
the most significantly enriched functions, while ‘peroxisome 
proliferator‑activated receptor (PPAR) signaling pathway’, 
‘fatty acid metabolism’, ‘Fc‑γ‑R‑mediated phagocytosis’, 
‘leukocyte transendothelial migration’ and ‘adipocytokine 
signaling pathway’ were the most significantly enriched 
pathways (Table IV).

Discussion

In the present study, a series of complex bioinformatics anal-
yses identified five lncRNAs associated with HCC prognosis, 
namely RP11‑325L7.2, DKFZP434L187, RP11‑100L22.4, 
DLX2‑AS1 and RP11‑104L21.3. A risk‑model comprising these 
five lncRNAs was able to distinguish low‑risk and high‑risk 
samples with a relatively high prognosis accuracy. The evalua-
tion of the target genes of these lncRNAs further revealed that 
‘nucleoside‑triphosphatase regulator activity’, ‘GTPase regu-
lator activity’, ‘enzyme binding’, ‘PPAR signaling pathway’ 
and ‘fatty acid metabolism’ were potentially the most affected 
pathways.

To the best of our knowledge, no studies have yet reported 
a direct correlation between RP11‑325L7.2, RP11‑100L22.4 
or RP11‑104L21.3 expression and HCC prognosis. Other 
RP11‑associated lncRNAs have been reported to be implicated 
in HCC. For instance, high expression levels of RP11‑589N15.2, 
RP11‑343N15.5 and RP11‑479G22.8 were reported to be asso-
ciated with the malignant phenotypes of HCC (21). In addition, 
RP11.404P21.3 and RP11.488L18.10 were identified as two 
prognostic lncRNA biomarkers for HCC (22). The lncRNA 
RP11‑513I15.6, a member of the three exosomal RNA‑based 
panel, has high sensitivity and specificity in the identification 
of HCC cases among patients with chronic hepatitis C virus 
infection and healthy individuals (23). In the present study, the 
samples with higher expression of the three RP11‑associated 
lncRNAs exhibited longer survival times compared with those 
which had lower expression, indicating that the high expres-
sion of these lncRNAs may be associated with a good HCC 
prognosis.

DLX2‑AS1 is also termed DLX2 divergent transcript. 
To the best of our knowledge, no studies have confirmed a 
link between this lncRNA and HCC prognosis. However, 
the expression of distal‑less homeobox 2 (DLX2) protein has 
been linked with HCC. In a previous study evaluating the 
response of HCC cells to Actinidia chinensis root (a tradi-
tional Chinese medicine) treatment, treatment with acRoots 
inhibited proliferation, invasion and migration, clonality and 
epithelial‑to‑mesenchymal transition, and promoted HCC 
cells apoptosis by downregulating DLX2 expression  (24). 
Moreover, high expression level of DLX2 was linked to poor 
prognosis in patients with HCC (24). Another study revealed 
the association between DLX2 overexpression and poor 

Table IV. Significantly enriched functions and pathways of genes correlated with signature long noncoding RNAs.

A, Enriched functions (GO terms)

Category	 Term	 Gene count	 P‑value

GOTERM_MF_FAT	 GO: 0060589~nucleoside‑triphosphatase regulator activity	 24	 3.52x10‑4

GOTERM_MF_FAT	 GO: 0030695~GTPase regulator activity	 23	 6.35x10‑4

GOTERM_BP_FAT	 GO: 0055114~oxidation reduction	 28	 2.81x10‑3

GOTERM_BP_FAT	 GO: 0006468~protein amino acid phosphorylation	 28	 4.93x10‑3

GOTERM_MF_FAT	 GO: 0019899~enzyme binding	 26	 1.79x10‑3

B, Enriched pathways (KEGG analysis)

Category	 Term	 Gene count	 P‑value

KEGG_PATHWAY	 hsa03320: PPAR signaling pathway	 9	 7.24x10‑4

KEGG_PATHWAY	 hsa00071: Fatty acid metabolism	 7	 8.66x10‑4

KEGG_PATHWAY	 hsa04666: Fc‑γ‑R‑mediated phagocytosis	 9	 5.62x10‑3

KEGG_PATHWAY	 hsa04670: Leukocyte transendothelial migration	 10	 6.48x10‑3

KEGG_PATHWAY	 hsa04920: Adipocytokine signaling pathway	 7	 1.20x10‑2

GO, gene ontology; KEGG, Kyoto encyclopedia of genes and genomes; GTPase, guanosine triphosphatase; PPAR, peroxisome 
proliferator‑activated receptor; MF, molecular function; BP, biological process.
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Figure 7. Co‑expression networks of signature lncRNA‑gene and gene‑gene interactions. Top mRNAs co‑expressed with (A) DKFZP434L187, (B) DLX2‑AS1.
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Figure 7. Continued. Top mRNAs co‑expressed with (C) RP11‑100L22.4 and (D) RP11‑104L21.3.

https://www.spandidos-publications.com/10.3892/mmr.2019.10203
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prognosis in HCC (25). In the present study, samples with high 
DLX2‑AS1 expression had shorter survival times compared 
with those with low expression. The present results are incon-
sistent with previous studies, and further experiments are 
required to understand the discrepancy between the present 
and previous results.

The function of DKFZP434L187 (also termed LINC02249) 
is yet unknown. Based on the present results, this lncRNA 
may serve as a novel prognostic lncRNA biomarker for HCC. 
However, further studies are required in order to understand 
the role of this lncRNA in HCC.

It is known that lncRNAs participate in various biological 
processes such as transcription, translation, cellular differentia-
tion, chromatin modification, regulation of gene expression, cell 
cycle and nuclear‑cytoplasmic trafficking (26‑28). lncRNAs 
guide chromatin‑modifying complexes, thus allowing epigenetic 
modifications in cancer (29). According to the results presented 

in this study, WDR5B is a target gene of both RP11‑100L22.4 
and RP11‑104L21.3. WDR5 is associated with the lncRNA 
HOXA distal transcript antisense RNA (HOTTIP), and its 
expression is associated with disease progression and predic-
tive outcomes in HCC (30). HOTTIP binds directly to WDR5, 
and targets WDR5/mixed linear leukemia complexes across the 
HOXA gene cluster, thereby driving histone H3 lysine 4 trimeth-
ylation and gene transcription (31). Downregulated expression 
of HOX is also reported to be involved in the development of 
HCC (31). Therefore, RP11‑100L22.4 and RP11‑104L21.3 may 
participate in the prognosis of HCC through interactions with 
WDR5. 

Lipid metabolism is an essential function of the liver, 
and any anomalies in this function may cause liver diseases, 
including fibrosis (32). Defects and/or deregulation of fatty 
acid metabolism have also been reported to be associated with 
HCC (33,34). Fatty acid metabolism also serves an important 

Figure 7. Continued. Top mRNAs co‑expressed with (E) RP11‑325L7.2 signature lncRNAs, and gene‑gene co‑expression networks of associated‑mRNAs, are 
listed in this figure.
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role in determining the function of extra‑mitochondrial path-
ways  (35). In the present study, fatty acid metabolism was 
revealed as a potentially dysfunctional pathway associated 
with the signature lncRNA differentially expressed in the HCC 
samples studied. Thus, fatty acid metabolism may be a potential 
pathway influencing the prognosis of patients with HCC.

Although these predictive results are valuable, the present 
study has certain limitations. The expression of these lncRNAs 
should be experimentally validated. In addition, substantial 
experiments should be performed to confirm the prognostic 
accuracy of these five lncRNAs in HCC. 

In conclusion, the signature lncRNAs screened in this 
study (RP11‑325L7.2, DKFZP434L187, RP11‑100L22.4, 
DLX2‑AS1 and RP11‑104L21.3) may serve as novel lncRNA 
biomarkers to predict the prognosis of HCC. Further studies 
of these lncRNAs and associated genes may contribute to a 
deeper understanding of the underlying mechanism of HCC 
development.
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