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Abstract. Hepatocellular carcinoma (HCC) is a common 
disease of the digestive system with no curative treatments. 
Long noncoding RNA tyrosine protein kinase transmem-
brane receptor 1 antisense RNA 1 (lncRNA ROR1-AS1) is 
an lncRNA whose functions have been predicted in human 
diseases; however, its important role in cancer has been probed 
only in mantle cell lymphoma, not in HCC. Therefore, the 
present study aimed to elucidate the prognostic significance of 
lncRNA ROR1-AS1 in HCC. The Cancer Genome Atlas Liver 
Hepatocellular Carcinoma was used to analyze the expres-
sion of ROR1-AS1 in liver cancer. χ2 tests were performed 
to evaluate associations between clinical characteristics 
and ROR1-AS1 expression. The role of ROR1-AS1 in HCC 
prognosis was assessed using Kaplan-Meier curves and propor-
tional hazards model (Cox) analysis. Gene set enrichment 

analysis was performed by using a Gene Expression Omnibus 
dataset. At the same time, Multi Experiment Matrix was used 
to predict genes that may be co-expressed with ROR1-AS1. 
The Database for Annotation, Visualization and Integrated 
Discovery and KO-Based Annotation System were used to 
analyze the most closely associated cytological behaviors and 
pathways in HCC. Then, the genes in the three databases were 
integrated to screen mRNAs, microRNAs and lncRNAs that 
had co-expression relationships with ROR1-AS1. Cytoscape, 
Search Tool for the Retrieval of Interacting Genes/Proteins 
and Molecular Evolutionary Genetics Analysis were used to 
map potential regulatory networks and developmental rela-
tionships associated with ROR1-AS1. Finally, 12 genes most 
closely associated with ROR1‑AS1 were identified, and their 
relationship was described using a Circos plot. The results 
showed that ROR1-AS1 was upregulated in HCC, and its 
expression was related to clinical stage, T stage and N stage. 
Furthermore, Kaplan-Meier curves and Cox analysis indicated 
that high expression of ROR1-AS1 was associated with poor 
prognosis, and that ROR1-AS1 was an independent risk factor 
for HCC. Co-expression data suggested that there may be a 
large regulatory network of 45 genes with indirect associations 
with ROR1-AS1, a small regulatory network of 15 genes with 
direct or indirect regulatory relationships, and a special regu-
latory network containing 12 genes directly associated with 
ROR1‑AS1. The present findings indicated that high expression 
of ROR1-AS1 suggests poor prognosis in patients with HCC.

Introduction

Hepatocellular carcinoma (HCC) is a common and serious 
malignant tumor of the liver (1,2). At present, surgical resec-
tion and standardized treatments are unable to reduce the high 
recurrence and metastasis rates of HCC (3). Thus, predicting 
the clinical outcomes of patients with HCC is challenging (1,4). 
Numerous studies have verified the role of various histological 
parameters in predicting HCC prognosis (5-7); therefore, a novel 
cancer classification system which uses molecular markers to 
evaluate the prognosis of patients with HCC should be developed.

Long noncoding RNAs (lncRNAs) can significantly 
affect tumors via epigenetic regulation, transcription, mRNA 
expression and other aspects involved in tumor biological 
activity (8). They can interact with mRNAs or microRNAs 
(miRNAs/miRs) in human cancers, thereby affecting their 
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expression. For example, lncRNA OIP5-antisense RNA (AS)1 
interacts with miR‑186a to inhibit zinc finger E‑box binding 
homeobox 1 expression in HCC, adversely affecting the tumor 
cell metastasis (9). Additionally, lncRNA HOXA-AS2 regulates 
the NF-κB signaling activity to hinder endothelium inflamma-
tion (10). LncRNA ROR1-AS1 can regulate certain diseases 
and biological activities; for example, it can regulate the tumor 
development and cell proliferation of mantle cell lymphoma 
(MCL) (11). Recent studies have identified ROR1-AS1 as 
capable of indicating the novel progression stage of colorectal 
cancer as a biomarker (12,13); however, whether it can indicate 
the progression of liver cancer as a specific marker requires 
further investigation.

The present study aimed to determine the prognostic 
significance of ROR1‑AS1 in HCC. In this study, to assess the 
potential prognostic role of ROR1-AS1 in patients with HCC 
and evaluate the independent prognostic implication of its 
expression for the overall survival (OS) of patients, retrospective 
analysis was performed using tissue chip data and data from 
The Cancer Genome Atlas Liver Hepatocellular Carcinoma 
(TCGA-LIHC) cohort. Then, gene set enrichment analysis 
(GSEA) was conducted to acquire insight into the ROR1‑AS1 
regulatory system-associated biological functions and proteins. 
A total of 50 genes co-expressed with ROR1-AS1 were predicted 
using Multi Experiment Matrix (MEM). Using KO-Based 
Annotation System (KOBAS) and the Database for Annotation, 
Visualization and Integrated Discovery (DAVID), cytological 
pathways and behaviors with the closest association with HCC 
were determined. Subsequently, genes identified using the 
aforementioned three databases were integrated to screen for 
miRNAs, mRNAs and lncRNAs co-expressed with ROR1-AS1. 
Cytoscape, the Search Tool for the Retrieval of Interacting 
Genes/Proteins (STRING) and Molecular Evolutionary 
Genetics Analysis (Mega) were used to build potential regula-
tory networks, and evaluate the evolutionary development and 
genetic distance between the ROR1-AS1-associated genes in this 
network. Genes with the closest relationship with ROR1-AS1 
were identified, and their association was described using a 
Circos plot. It was revealed that large (45 genes) and small (15 
genes) regulatory networks associated with lncRNA ROR1-AS1 
were identified in HCC, as well as a special regulatory network 
containing 12 genes.

Materials and methods

Data acquisition and collection. The data of patients with 
HCC mined from TCGA and RNA sequencing (RNA‑seq) 
expression results were downloaded using the RTCGA 
Toolbox (version 3.5) package in R (version 3.5.3) (14,15). 
Additionally, lncRNA ROR1-AS1 tumor expression data were 
obtained from TCGA for other digestive tumors, including bile 
duct, colon, esophagus, liver, pancreas and stomach. The gene 
microarray dataset GSE54236 (16,17) was downloaded from 
the GEO database (https://www.ncbi.nlm.nih.gov/geo/) (18). 
The data used in this article were downloaded from the above 
databases in April 2019.

Statistical analyses. SPSS 23.0 software (IBM Corp.) was 
used for statistical analysis of data. Boxplots were used for 
discrete variables to measure differences in expression, and 

effects of clinicopathological characteristics on lncRNA 
ROR1-AS1 expression were analyzed using ANOVA; altera-
tions in expression between each group were demonstrated 
using scatter plots (19). χ2 tests were used to examine the 
association between ROR1-AS1 expression and clinical data. 
GraphPad Prism 7.0 software (GraphPad Software, Inc.) was 
used to analyze the differential expression of ROR1-AS1 in 
different tumor tissues. Scatter plots and histograms were 
used for discrete variables to measure differences in expres-
sion between different tissues, and effects of tumor tissue of 
origin on lncRNA ROR1-AS1 expression were analyzed using 
the mean ± SD (20). Correlation coefficient analyses were 
performed using R software (version 3.1.0) (21); a correlation 
coefficient R>0.5 was considered to indicate a strong corre-
lation. Receiver-operating characteristic curves (ROC) were 
drawn using the p-ROC package (version 1.0.3) to evaluate 
diagnostic ability (22); patients were divided into high and 
low ROR1-AS1 expression groups by using the median value 
of ROR1-AS1 expression as the optimal cutoff. Kaplan-Meier 
curves were used to compare differences in OS and relapse-free 
survival by using the survival package in R (23). Univariate 
proportional hazards model (Cox) analysis was used to select 
the related variables. Then, multivariate Cox analysis was 
applied to evaluate the influence of ROR1‑AS1 expression on 
the OS and relapse-free survival of patients (24).

GSEA. GSEA is a computational method that determines 
whether an a priori defined set of genes shows statistically 
significant, concordant differences between two biological 
states. In this study, GSEA was performed by using the 
GSEA software 3.0 from the Broad Institute (25,26). The 
gene expression data were RNA‑seq data from TCGA‑LIHC 
and GEO databases. The gene set of ‘c2. cp.biocarta.
v6.2.symbols.gmt’, ‘c3.cp.biocarta.v6.2.symbols.gmt’, ‘c5.
cp.biocarta.v6.2.symbols. gmt’ and ‘h.all.v6.2.symbols.gmt’, 
which summarizes and represents specific, well-defined 
biological states or processes, was downloaded from the 
Molecular Signatures Database (http://software.broadinstitute.
org/gsea/msigdb/index.jsp) (27). The normalized enrichment 
score was acquired by analyzing with permutations for 1,000 
times. A gene set is considered to be significantly enriched 
with normal P<0.05 and false discovery rate (FDR) <0.25.

Gene enrichment and functional annotation evaluation. 
DAVID (http://david.abcc.ncifcrf.gov/), STRING (https://
string-db.org/) and KOBAS (http://kobas.cbi.pku.edu.cn/) 
were used to conduct relevant pathway analysis (28), including 
Gene Ontology (GO) term enrichment (29,30), and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathway 
analysis (31-33), which were performed for the functional 
annotation of the co-expressed genes (34). Three GO terms 
(‘biological process’, ‘cellular component’ and ‘molecular 
function’) were utilized to identify the enrichment of target 
genes. GO terms and KEGG pathways with P<0.05 were 
considered statistically significant. The enrichment map of 
annotation analysis was drawn using Cytoscape version 3.3.1 
(http://www.cytoscape.org/cy3.html) (35).

Prediction of related genes. MEM (https://biit.cs.ut.ee/mem/) 
contains a large collection of microarray datasets. Using 
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simultaneous statistical significance estimation, MEM applies 
rank aggregation to merge information from different data sets 
into a single global ordering (36). In MEM, the output option 
for each probe was set to 1,694, which were comprised 100 data 
sets, and the resulting similar genes were then exported. Genes 
that were present in at least two probe groups were selected. 
cBioPortal (http://www.cbioportal.org/index.do) incorporates 
data from 126 tumor genome research projects, including 
TCGA, International Cancer Genome Consortium and other 
large tumor research projects (35). The co-expression analysis 
module of MEM was used to extract genes that are co-expressed 
with lncRNA ROR1‑AS1; co‑expressed genes are defined as 
genes associated with ROR1-AS1 expression. The associated 
genes that were identified by MEM and data from GEO were 
subjected to gain Circos plots. Circos plots were generated 
based on the remappings of two tables from these two tools. 
Circos plots were generated using the Circos visualization tool 
in R (version 3.5.3) (15,37,38).

Weighted gene co‑expression network analysis (WGCNA). 
WGCNA (version 1.67) (34,39) (conducted using the WGCNA 
package in R) elucidates the higher-order relationships between 
genes based on their co-expression relationships, delineating 
modules of biologically related genes and permitting a robust 
view of transcriptome organization (40). For WGCNA, the R 
package DCGL (version 2.1.2) (41) was used to filter genes; 
genes with FPKM values >0.85 were selected for further 
analysis. The adjacency matrix between different genes was 
constructed with 3 as the parameter of soft thresholding 
power to reduce noise and false correlation. A network was 
created from these data, first by calculating weighted Pearson 
correlation matrices corresponding to gene expression, then 
by following the standard procedure of WGCNA to create 
the holistic network. Briefly, weighted correlation matrices 
were transformed into matrices of connection strengths using 
a power function (34). These connection strengths were then 
used to calculate topological overlap, a robust and biologically 
meaningful measurement that encapsulates the three different 
genes' co-expression relationships in the network (42).

Mega. Phylogenetic Tree and Sequence Analysis Ago 
protein sequences were downloaded from the GenBank 
database of NONCODE (http://www.noncode.org/) and NCBI 
(https://www.ncbi.nlm.nih.gov/) (43). A multiple‑sequence 
alignment was performed based on the PIWI domain using 
ClustalW software (version 2.1) (44). The phylogenetic tree 
was constructed using MEGA X (https://www.megasoftware.
net/) based on the neighbor-joining method with a bootstrap 
value of 1,000 replicates (45).

Genome map. After integrating the gene expression data 
of patients with HCC from the three databases, the correla-
tion coefficient between different genes and ROR1‑AS1 was 
calculated (as described in the Statistical analyses section), 
and a Venn diagram was constructed in GraphPad Prism 7 
using the calculated results (46) to validate the reliability of 
the results obtained via co-expression analysis. Alignments 
of gene co-expression maps to GRCh38.95 (reference 
genome version of Homo sapiens) (47) (ftp://ftp.ncbi.nlm.nih.
gov/genomes/all/GCA_000001405.15_GRCh38.95) identified 

reference genomic regions contributing to the composition 
of 12 genome sets (the location of the genes of interest in the 
human reference genome). In order to find the most represented 

Table I. Demographic and clinical characteristics of 
TCGA-LIHC cohort (n=300).

Characteristics Number Percentage (%)

Age (years)  
  ≤55 105 35.00
  >55 195 65.00
Gender  
  Female 90 30.00
  Male 210 70.00
T stage  
  T1 151 50.34
  T2 75 25.00
  T3 63 21.00
  T4 10 3.33
  Unknown 1 0.33
M stage  
  M0 227 75.67
  M1 2 0.66
  Mx 71 23.67
N stage  
  N0 217 72.33
  N1 3 0.99
  Nx 80 26.67
Stage  
  I 151 50.34
  II 73 24.33
  III 72 24.00
  IV 4 1.33
Histologic grade  
  G1 42 14.00
  G2 145 48.33
  G3 101 33.67
  G4 12 4.00
Vital status  
  Survival 217 72.33
  Death 83 27.67
Race  
  Asian 148 49.33
  Of African descent 8 2.67
  Caucasian 138 46.00
  Unknown 6 2.00
ROR1-AS1 expression  
  High expression 219 73.00
  Low expression 81 27.00
Total 300 100.0

TCGA, The Cancer Genome Atlas; LIHC, Liver Hepatocellular 
Carcinoma; ROR1-AS1, tyrosine protein kinase transmembrane 
receptor 1 antisense RNA 1.
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Figure 1. Effects of clinicopathological characteristics on lncRNA ROR1-AS1 expression. Boxplots showing differences in ROR1-AS1 expression according 
to (A) tissue type, (B) patient age, (C) gender, (D) survival status, (E) clinical stage, (F-H) TNM stage, (I) pathological status and (J) race. ROR1-AS1, tyrosine 
protein kinase transmembrane receptor 1 antisense RNA.
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Figure 2. Long noncoding RNA ROR1-AS1 expression in common digestive system tumors based on The Cancer Genome Atlas database. (A) Scatter plot and 
(B) Violin map suggest that the ROR1-AS1 reveals a high expression state in HCC. (C) Expression levels of ROR1-AS1 in tumors were upregulated compared 
with normal tissues, excluding esophageal cancer. ROR1-AS1, tyrosine protein kinase transmembrane receptor 1 antisense RNA.
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reference fragments, all GRCh38.95 loci present in the gene 
co-expression maps were deduced and merged, resulting in 
12 reference donor fragments, which settled in the outermost 
track. The number of gene-regulated maps containing each of 
these fragment labels were then marked in the second track, 
excluding duplicate counts. In the inner sector, pairs of gene 
sets that exhibited regulation relationships were linked. The 
sum of the genome map alignments across the whole genome 
was used to link the 12 gene regulatory maps in the Circos plot.

Results

Patients' characteristics. Both gene expression and clinical 
data of patients with liver cancer were downloaded from TCGA 
database. The total number of patients was 427. After the initial 
screening, 13 normal samples and 77 tumor samples without a 
specific lncRNA record or too much unclear information were 
removed, and the remaining 300 tumor samples and 37 normal 
samples were included. The detailed clinical characteristics 
are presented in Table I, including age, gender, TNM stage, 
survival status, pathological status and ethnic compositions.

High ROR1‑AS1 expression in HCC. Using boxplots, the differ-
ences in ROR1-AS1 expression in patients with liver cancer and 
healthy individuals were ascertained. As presented in Fig. 1, 

the overall expression trend of ROR1-AS1 in liver cancer was 
evaluated, and it was found that ROR1-AS1 expression was 
significantly higher in primary HCC tissues compared with 
in normal liver tissues (P=0.049; Fig. 1A). Moreover, there 
were also differences in ROR1-AS1 expression based on vital 
status (P=0.040; Fig. 1D), clinical stage (P=0.007; Fig. 1E) 
and T stage (P=0.001; Fig. 1F). No significant differences in 
ROR1-AS1 expression were observed based on patient age and 
the N&M stage, gender, race and clinicopathological parame-
ters (Fig. 1). Data on ROR1-AS1 expression in several common 
digestive tumors were also collected based on TCGA database 
(Fig. 2A and B). After horizontal comparison, it was found 
that except for esophageal cancer, ROR1-AS1 expression was 
upregulated in most digestive system tumors (Fig. 2C). This 
was clearer for liver, pancreatic and stomach cancer.

Relationship between ROR1‑AS1 expression and clinical 
features in HCC. Using χ2 tests, associations between 
clinicopathological features and ROR1-AS1 expression were 
evaluated, as presented in Table II. ROR1-AS1 expression was 
significantly associated with clinical stage (χ2=9.763, P=0.002), 
T stage (χ2=13.198, P<0.001) and N stage (χ2=3.887, P=0.049).

High ROR1‑AS1 expression as an independent prognostic 
factor for poor survival. Kaplan-Meier curves of OS were 

Table II. Associations between lncRNA ROR1-AS1 expression in hepatocellular carcinoma tissue and clinicopathologic variables.

 LncRNA
 ROR1-AS1
 expression
 --------------------------------
Clinical characteristics Variables Number of patients High Low χ2 P-value

Age (years) ≤55 105 45 60 3.297 0.069
 >55 195 105 90  
Gender Female 90 45 45 0.000 >0.999
 Male 210 105 105  
Grade G1/2 187 92 95 0.128 0.721
 G3/4 113 58 55  
Stage Stage I/II 262 122 140 9.763 0.002a

 Stage III/IV 38 28 10  
T stage T1/2 227 100 127 13.198 <0.001a

 T3/4 73 50 23  
M stage M0 227 113 114 0.001 0.995
 M1 2 1 1  
 Mx (Not included) 71 36 35  
N stage N0 217 103 114 3.887 0.049a

 N1 3 2 1  
 Nx (Not included) 80 47 35  
Vital status Survival 217 103 114 2.015 0.156
 Death 83 47 36  
Race Asian 148 72 76 4.144 0.126
 Of African descent 8 5 3  
 Caucasian 138 71 67  
 Unknown (not included) 6 N/A N/A  
aP<0.05. LncRNA ROR1-AS1, long noncoding RNA tyrosine protein kinase transmembrane receptor 1 antisense RNA 1.
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plotted, and log-rank tests revealed that high ROR1-AS1 expres-
sion was associated with poor OS (P=0.046; Fig. 3A). Further 
subgroup analysis showed that ROR1-AS1 high expression was 
associated with poor OS in male patients (P=0.036; Fig. 3D), 
and patients at advanced T stage (T3/4; P=0.040; Fig. 3G), 
N0 stage (P=0.0097; Fig. 3I), age ≤55 (P=0.044; Fig. 3J) 
and early pathological stage (G1/2; P=0.044; Fig. 3L), and of 
Other race (Of African Descent and Caucasian) (P=0.049; 
Fig. 3O). As presented in Fig. 4, ROC analysis of ROR1-AS1 
was performed, and the area under the curve value was 0.59, 
indicating moderate diagnostic ability. In patients with high 
ROR1-AS1 expression, critical variables (age, gender, clinical 
stage, pathological grade and TMN classification) were 

selected by univariate analysis. Multivariate analysis with the 
Cox proportional hazards model indicated that T classification 
(HR=2.258, P=0.039), M classification (HR=2.450, P=0.011) 
and N classification (HR=1.724, P<0.001) were independent 
prognostic factors for patients with HCC (Table III).

GSEA identifies ROR1‑AS1‑related biological functions 
and proteins. To identify biological functions activated in 
liver cancer, data from 161 tissue chips in the GEO database 
were screened (GSE54236; Fig. S1). GSEA between high and 
low ROR1-AS1 expression data sets was conducted. GSEA 
revealed significant differences (FDR <0.25, P<0.05) in the 
enrichment of ‘MSigDB Collection’, and the specific contents 

Figure 3. Kaplan-Meier curves for survival of patients with HCC according to ROR1-AS1 expression in HCC tissues. Green and red curves denote ROR1-AS1 
high- and low-expression groups respectively. The ordinal (y-axis) indicates the percentage of survival, the abscissa (x-axis) represents survival years, and the 
number of survivors at the corresponding time. Censoring samples are shown as ‘+’ marks. Kaplan-Meier curves and performance of stratification analysis by 
(A) overall expression, (B) early clinical stage and (C) advanced clinical stage, expression in (D) males and (E) females, expression in patients with (F) early 
T stage and (G) advanced T stage, (H) M0 stage, (I) N0 stage, patients aged (J) ≤55 and (K) >55 years, according to (L) early pathological status and (M) advanced 
pathological status, and in patients from (N) Asian and (O) other races. ROR1-AS1, tyrosine protein kinase transmembrane receptor 1 antisense RNA.
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are presented in Tables IV and V. In HCC, the expression 
profiles of patients with high ROR1-AS1 expression were 
significantly enriched with the following GO terms: Cytosolic 
ribosome, cell substrate junction, integrin binding, positive 
regulation of Wnt signaling pathway, regulation of establish-
ment of planar polarity, negative regulation of development, 
nonmotile primary cilium assembly, protein kinase A catalytic 
subunit binding and signal transduction in absence of ligand 
(Table IV). Analysis of TCGA data revealed a significant 
positive effect of tumor grade and clinical stage on ROR1-AS1 
expression (Fig. 1E and F), and there was a positive regula-
tory relationship between the expression levels of epidermal 
growth factor receptor, placental growth factor, leukotriene 

E2 and ERB2 (Table V). Conversely, a negative regulatory 
relationship was identified between the expression levels 
of ROR1-AS1, and those of P53, JNK and Janus kinase 2. 
Meanwhile, the expression levels of E2F1, lymphoid enhancer 
binding factor 1, mTOR, activating transcription factor 2, RAF 
and downstream signaling pathways activated by cAMP were 
only initially positively associated with elevated expression of 
ROR1-AS1; as ROR1-AS1 continued to increased, these genes 
exhibited a negative expression relationship (Table V).

Prediction of related genes, and gene enrichment and func‑
tional annotation analyses. A total of 100 datasets including 
1,694 samples were used to analyze the genes co-expressed with 

Figure 3. Continued. Kaplan-Meier curves for survival of patients with HCC according to ROR1-AS1 expression in HCC tissues. Green and red curves denote 
ROR1-AS1 high- and low-expression groups respectively. The ordinal (y-axis) indicates the percentage of survival, the abscissa (x-axis) represents survival years, 
and the number of survivors at the corresponding time. Censoring samples are shown as ‘+’ marks. Kaplan-Meier curves and performance of stratification analysis 
by (A) overall expression, (B) early clinical stage and (C) advanced clinical stage, expression in (D) males and (E) females, expression in patients with (F) early 
T stage and (G) advanced T stage, (H) M0 stage, (I) N0 stage, patients aged (J) ≤55 and (K) >55 years, according to (L) early pathological status and (M) advanced 
pathological status, and in patients from (N) Asian and (O) other races. ROR1-AS1, tyrosine protein kinase transmembrane receptor 1 antisense RNA.
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ROR1-AS1 in MEM. In Fig. 5, only samples with liver tissue 
as the research background were selected, and 40 genes most 
closely associated with ROR1‑AS1 were listed. The significant 
GO terms and KEGG pathways were identified by KOBAS and 
DAVID. First, STRING was used to enrich the functional protein 
association network. After removing nodes without additional 
links, it was found that there may be certain small regulatory 
networks within the whole system (Fig. S2). Then, R was used 
to determine these enriched GO terms (Fig. 6) and KEGG path-
ways (Fig. 7). To conduct a visual enrichment analysis of genes 
enriched in the GO pathways and build an interaction network 
for related genes, Cytoscape was used. The results in Table 
VI revealed that the target genes were most highly enriched 

in the following GO terms: Calcium ion binding, extracellular 
region, metalloendopeptidase activity, extracellular space, 
extracellular matrix binding and defense response to fungus 
(Fig. 6), and through the following KEGG pathways: Thyroid 
hormone signaling pathway, Rap1 signaling pathway, regulation 
of actin cytoskeleton, Pi3K-Akt signaling pathway, neuroactive 
ligand-receptor interaction and metabolic related pathways 
(Fig. 7).

Co‑expression network construction. To further analyze the 
important biological role of ROR1-AS1 in HCC, co-expression 
analysis was conducted on the data from GSE54236. Next, the 
co‑expressed genes identified in GEO were comprehensively 

Figure 3. Continued. Kaplan-Meier curves for survival of patients with HCC according to ROR1-AS1 expression in HCC tissues. Green and red curves denote 
ROR1-AS1 high- and low-expression groups respectively. The ordinal (y-axis) indicates the percentage of survival, the abscissa (x-axis) represents survival years, 
and the number of survivors at the corresponding time. Censoring samples are shown as ‘+’ marks. Kaplan-Meier curves and performance of stratification analysis 
by (A) overall expression, (B) early clinical stage and (C) advanced clinical stage, expression in (D) males and (E) females, expression in patients with (F) early 
T stage and (G) advanced T stage, (H) M0 stage, (I) N0 stage, patients aged (J) ≤55 and (K) >55 years, according to (L) early pathological status and (M) advanced 
pathological status, and in patients from (N) Asian and (O) other races. ROR1-AS1, tyrosine protein kinase transmembrane receptor 1 antisense RNA.
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analyzed using the gene matrix recorded in TCGA-LIHC. The 
WGCNA package in R was employed to analyze the relation-
ship between lncRNAs and miRNAs (power value=3), and the 
relationship between miRNAs and mRNAs (power value=2). 
Subsequently, genes associated with ROR1‑AS1 were selected 
for the co-expression grid (Fig. S3). Cytoscape was used to 
identify potential co-expression regulatory networks, revealing 
that based on these co-expressed genes, there may be a large 
regulatory network containing 45 genes and a small regula-
tory network containing 15 genes (Fig. 8). Notably, 10 pairs of 
genes were found to exhibit direct regulatory interactions with 
ROR1-AS1 (highlighted with red lines; Fig. 8).

Phylogenetic tree and Co‑expressed genome maps. In Fig. 9, 
the spatial structure of ROR1-AS1 and its transcript information 

in the NONCODE database is presented. A phylogenetic tree 
was constructed using 23 genes collected from the NCBI and 
NONCODE databases for which there is clear transcript informa-
tion for homo sapiens (Fig. 9). The phylogenetic tree showed that 
these co-expressed genes were split into 4 subfamilies; chromo-
some 1 open reading frame 94 (C1orf94), olfactomedin-like 2b 
(OLFML2B), caytaxin (ATCAY), troponin T3(TNNT3), PAX7 
and fatty acid-binding protein 7 (FABP7) were located in the 
same subfamily as ROR1-AS1 (Fig. S4). Based on the co-expres-
sion network presented in Fig. 8, the degree of relevance of the 15 
genes contained in the small regulatory network was analyzed. 
Excluding genes with R<0.5, only 12 genes with R values >0.5 
were maintained and then verified in three databases (Fig. 10).

Alignments of gene co-expression maps to GRCh38.95 
identified reference genomic regions contributing to the 

Figure 3. Continued. Kaplan-Meier curves for survival of patients with HCC according to ROR1-AS1 expression in HCC tissues. Green and red curves denote 
ROR1-AS1 high- and low-expression groups respectively. The ordinal (y-axis) indicates the percentage of survival, the abscissa (x-axis) represents survival years, 
and the number of survivors at the corresponding time. Censoring samples are shown as ‘+’ marks. Kaplan-Meier curves and performance of stratification analysis 
by (A) overall expression, (B) early clinical stage and (C) advanced clinical stage, expression in (D) males and (E) females, expression in patients with (F) early 
T stage and (G) advanced T stage, (H) M0 stage, (I) N0 stage, patients aged (J) ≤55 and (K) >55 years, according to (L) early pathological status and (M) advanced 
pathological status, and in patients from (N) Asian and (O) other races. ROR1-AS1, tyrosine protein kinase transmembrane receptor 1 antisense RNA.
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composition of the 12 genome sets (Fig. S5). To find the most 
typical reference fragments, all GRCh38.95 loci present in the 
gene co-expression maps were deduced and merged, resulting 
in 12 reference donor fragments as settled in the outermost 
track. Subsequently, the number of gene co‑expression maps 
containing each of these fragments were counted in the second 
track, excluding duplicate counts. In the inner sector, these 
pairs of gene sets showing co-expression relationships were 
linked. The sum of gene co-expression map alignments across 
the whole genome acted as the copy number profile for the 12 
gene co-expression maps in the Circos plot (Fig. 10).

Discussion

LncRNAs can exhibit high or low expression in various 
cancers. LncRNAs can also acts as oncogenes, which interact 

with mRNAs and miRNAs to regulate cytological behavior 
and modulate cancer development (48). According to the 
present study, lncRNA ROR1-AS1 is important in HCC, and 
may serve as a biomarker for monitoring the prognosis of 
liver cancer. ROR1-AS1 expression in patients with HCC was 
analyzed, and it was found that ROR1‑AS1 expression signifi-
cantly varied based on clinical stage, T stage, vital status and 
other factors.

Recently, considerable advances have been made regarding 
the function of ROR1-AS1, focusing on ROR1-AS1 upregu-
lation in certain common digestive tumors (12,13,49,50). 
Recent studies have reported the relation between ROR1-AS1 
upregulation and cancers, such as MCL and colorectal 
cancer (11‑13). According to the findings of the present study, 
ROR1-AS1 was highly expressed in HCC, consistent with 
other cancer studies (12,13). ROR1-AS1 expression progres-
sively increased from T1 to T4, and from clinical stage I to 
clinical stage IV, suggesting a role in the progression of HCC. 
Additionally, ROR1-AS1 expression was higher in patients 
that succumbed to HCC compared with those that survived, 
suggesting a link between ROR1-AS1 expression and patient 
survival.

Numerous previous studies have focused on the effects of 
ROR1-AS1 on the occurrence and growth of tumors (12,13,51). 
Large-scale clinical statistics identified high expres-
sion of ROR1-AS1 during the growth process of liver cell 
lines (52,53). In this study, it was suggested ROR1-AS1 may 
inform upon the diagnosis of tumors, as expression was 
associated with TNM classification. ROR1‑AS1 exhibited 
a strong association with cancer prognosis; it was found 
that higher ROR1-AS1 expression was associated with 
poorer OS, particularly in males, patients aged ≤55 years, 
and those with advanced T stage (T3/4), N0 stage and early 
pathological stage (G1/2). Cox analysis demonstrated the 
independent prognostic effect of ROR1-AS1 on the OS of 
patients; therefore, it may serve as a useful biomarker for the 
prognosis of HCC. Studies have also shown that in addition 
to affecting common biological functions of tumor cells, the 
lncRNA ROR1‑AS1 can also affect certain specific cyto-
logical behaviors, such as epithelial mesenchymal transition 

Table III. Univariate and multivariate analyses of high lncRNA ROR1-AS1 expression in patients with liver cancer.

 Univariate analysis Multivariate analysis
 ------------------------------------------------------------------ -----------------------------------------------------------------
Parameters HR 95% CI P-value HR 95% CI P-value

Age, years (≤55 vs. >55) 1.022 0.994‑1.05 0.132   
Gender (female vs. male) 1.002 0.517-1.943 0.995   
Race (Asian vs. of African descent vs. Caucasian)  0.669 0.432-1.038 0.073   
Grade (G1 vs. G2 vs. G3 vs. G4) 0.868 0.561-1.343 0.524 0.899 0.815-1.129 0.736
Stage (Stage I vs. II vs. III vs. IV) 0.804 0.259-2.492 0.705 0.935 0.472-2.247 0.638
T stage (T1 vs. T2 vs. T3 vs. T4) 2.899 1.039-8.095 0.042a 2.258 1.638-3.113 0.039a

M stage (M0 vs. M1) 2.450 1.443-4.159 0.011a   
N stage (N0 vs. N1) 1.724 1.441-2.189 <0.001a   

aP<0.05. CI, confidence interval; HR, hazard ratio; lncRNA ROR1‑AS1, long noncoding RNA tyrosine protein kinase transmembrane receptor 1 
antisense RNA 1.

Figure 4. ROC curve to identify the optimal cutoff value for patients with 
hepatocellular carcinoma. ROR1-AS1, tyrosine protein kinase transmem-
brane receptor 1 antisense RNA; ROC, receiver operating characteristic; 
AUC, area under curve; HR, hazard ratio.
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Table IV. LncRNA ROR1-AS1 high expression-associated GO terms and KEGG pathways in hepatocellular carcinoma.

A, KEGG pathways

Term Size ES NES NOM P-value

KEGG_ACUTE_MYELOID_LEUKEMIA 57 0.32575217 1.174568 0.27732792
KEGG_ALLOGRAFT_REJECTION 37 0.33567113 0.7853709 0.69214875
KEGG_AMINO_SUGAR_AND_NUCLEOTIDE_ 44 0.21193676 0.7724282 0.7308448
SUGAR_METABOLISM    
KEGG_ARACHIDONIC_ACID_METABOLISM 54 0.29082343 0.84411997 0.6816406
KEGG_ARRHYTHMOGENIC_RIGHT_VENTRICULAR_ 74 0.38242388 1.1008065 0.32595575
CARDIOMYOPATHY_ARVC    
KEGG_ASTHMA 30 0.4253977 1.035566 0.41453832
KEGG_AXON_GUIDANCE 129 0.38427946 1.4202099 0.03307393
KEGG_BASAL_CELL_CARCINOMA 55 0.47928926 1.3821044 0.058252428
KEGG_BLADDER_CANCER 42 0.36261615 1.1552858 0.28235295
KEGG_CELL_ADHESION_MOLECULES_CAMS 132 0.30416217 0.9411326 0.532
KEGG_CELL_CYCLE 123 0.15106098 0.42698383 0.9573643
KEGG_CHEMOKINE_SIGNALING_PATHWAY 186 0.39880365 1.3102372 0.14285715
KEGG_CHRONIC_MYELOID_LEUKEMIA 73 0.30524614 1.1764947 0.2647059
KEGG_COLORECTAL_CANCER 62 0.37809 1.325293 0.14285715
KEGG_COMPLEMENT_AND_COAGULATION_CASCADES 68 0.30028233 0.8569669 0.6302187
KEGG_CYTOKINE_CYTOKINE_RECEPTOR_INTERACTION 257 0.37159464 1.1011451 0.31853282
KEGG_DILATED_CARDIOMYOPATHY 90 0.42610824 1.1813916 0.2446184
KEGG_DORSO_VENTRAL_AXIS_FORMATION 24 0.2639202 0.7730944 0.8376238
KEGG_ECM_RECEPTOR_INTERACTION 84 0.5676372 1.5391657 0.03420523
KEGG_ENDOCYTOSIS 180 0.2655919 1.3141135 0.10337972

B, GO terms

Term Size ES NES NOM P-value

GO_POSITIVE_REGULATION_OF_CANONICAL_WNT_ 117 0.5034494 2.0831583 0
SIGNALING_PATHWAY    
GO_CYTOSOLIC_RIBOSOME 110 0.5240906 2.074979 0.006160164
GO_TRANSLATIONAL_INITIATION 143 0.44866154 2.0731091 0.01002004
GO_NUCLEAR_TRANSCRIBED_MRNA_CATABOLIC_ 118 0.45694864 2.0709035 0.004056795
PROCESS_NONSENSE_MEDIATED_DECAY
GO_REGULATION_OF_ESTABLISHMENT_OF_ 108 0.4920704 2.0078113 0.002109705
PLANAR_POLARITY    
GO_CYTOSOLIC_LARGE_RIBOSOMAL_SUBUNIT 59 0.551799 1.9801823 0.003984064
GO_ESTABLISHMENT_OF_PROTEIN_LOCALIZATION_ 104 0.500903 1.9766974 0.004024145
TO_ ENDOPLASMIC_RETICULUM    
GO_POSITIVE_REGULATION_OF_WNT_SIGNALING_ 149 0.4659426 1.9148449 0
PATHWAY    
GO_CELL_SUBSTRATE_JUNCTION 396 0.4012108 1.8526521 0.009708738
GO_PROTEIN_TARGETING_TO_MEMBRANE 156 0.33212492 1.8498257 0.021956088
GO_U1_SNRNP 17 0.5754599 1.8482453 0.012244898
GO_CYTOSOLIC_SMALL_RIBOSOMAL_SUBUNIT 43 0.5705049 1.8452722 0.007677543
GO_MULTI_ORGANISM_METABOLIC_PROCESS 137 0.3726918 1.8385631 0.022821577
GO_NON_CANONICAL_WNT_SIGNALING_PATHWAY 137 0.44534308 1.8334067 0
GO_NEGATIVE_REGULATION_OF_EMBRYONIC_ 25 0.7196995 1.8151437 0
DEVELOPMENT    
GO_CYTOSOLIC_PART 217 0.34144697 1.7857713 0.013461539
GO_NONMOTILE_PRIMARY_CILIUM_ASSEMBLY 22 0.662353 1.7724643 0.002066116
GO_PROTEIN_KINASE_A_CATALYTIC_SUBUNIT_ 15 0.642496 1.7654687 0.012
BINDING
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Table IV. Continued.

B, GO terms    

Term Size ES NES NOM P-value

GO_INTEGRIN_BINDING 105 0.56900364 1.7639837 0.002
GO_SIGNAL_TRANSDUCTION_IN_ABSENCE_OF_ 32 0.51555276 1.7639508 0.004366812
LIGAND    

Enrichment biological functions were obtained from gene set enrichment analysis. LncRNA ROR1-AS1, long noncoding RNA tyrosine protein 
kinase transmembrane receptor 1 antisense RNA 1; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; ES, enrichment 
score; NES, normalized enrichment score; NOM P-value, Nominal P-value.

Table V. Altered gene expression in patients with high lncRNA ROR1-AS1 expression as determined via GSEA.

Expression change Gene names

Decreased expression  STK33, P53, CRX-NRL, SNF5, EIF4E, JNK, CRX, NRL, JAK2, PKCA, YAP1
Increased expression EGFR, PIGF, TBK1, LTE2, ESC, LEF1, ERB2, MEK, GLI1, TGFB, RAF, PRC2, AKT, 
 BCAT, E2F3, Cyclin D1, GCNP
First increased then decreased RAF, mTOR, ATF2, LET1, E2F1, CSR, VEGF, IL2, SRC, MYC, MEK, IL15, PDGF, TGFB, 
 WNT
First decreased then increased P53, KRAS, HOXA9, RB, BMI1, MEL18, RPS14, PTEN, SNF5, ALK, NRL, ERLA, CTIP

LncRNA ROR1-AS1, long noncoding RNA tyrosine protein kinase transmembrane receptor 1 antisense RNA 1; GSEA, gene set enrichment 
analysis.

Figure 5. Co‑expressed genes predicted by MEM. Genes that were co‑expressed with ROR1‑AS1 were identified using MEM, and the potential mutually 
regulatory genes interacting with ROR1-AS1 in hepatocellular carcinoma were investigated. ROR1-AS1, tyrosine protein kinase transmembrane receptor 1 
antisense RNA; MEM, Multi Experiment Matrix.
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and cell proliferation (12,13,51). After functional enrichment 
analysis of ROR1-AS1, it was found that ROR1-AS1 exhib-
ited a very close relationship with cytosolic ribosomes, cell 
substrate junctions, integrin binding, positive regulation of 
Wnt signaling pathway, regulation of establishment of planar 
polarity, negative regulation of development, nonmotile 
primary cilium assembly, protein kinase A catalytic subunit 
binding and signal transduction in absence of ligand.

To explore the biological role of lncRNA ROR1-AS1 
in HCC in depth, MEM was used. In total, >50 genes were 
indicated to be closely associated with ROR1-AS1. First, the 
functional protein association network indicated that there may 
be certain small regulatory sub-networks in the whole network, 
suggesting that is a hierarchy of regulatory networks involved in 
ROR1-AS1. After functional enrichment of co-expressed genes 
with GO and KEGG, these genes were found to be enriched in 

Figure 6. Significantly enriched GO terms identified by DAVID. Cytoscape and R were used to conduct visual enrichment analysis of genes enriched in GO 
terms and construct an interaction network for related genes. (A and B) Significant GO terms identified by DAVID. 
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Figure 7. Significantly enriched KEGG pathways identified by KOBAS. Using the 40 genes predicted by MEM, 42 different KEGG pathways were identified 
as enriched by KOBAS. These signaling pathways can be roughly divided into four broad categories, of which 10 genes and 6 signaling pathways were most 
strongly associated. KEGG, Kyoto Encyclopedia of Genes and Genomes; KOBAS, KO-Based Annotation System; MEM, Multi Experiment Matrix.

Figure 6. Continued. Significantly enriched GO terms identified by DAVID. (C and D) Of the 40 results predicted by MEM (Fig. 5), 17 genes were enriched 
in the significant GO terms. MEM, Multi Experiment Matrix; GO, Gene Ontology; DAVID, Database for Annotation, Visualization and Integrated Discovery.
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the following biological processes and compartments: Calcium 
ion binding, metalloendopeptidase activity, extracellular matrix 
binding and defense response to fungus, and the extracellular 
region and extracellular space. Additionally, KEGG analysis 

revealed that ROR1-AS1 and co-expressed genes were associ-
ated with the thyroid hormone, Rap1 and PI3K-Akt signaling 
pathways, regulation of the actin cytoskeleton, neuroactive 
ligand-receptor interactions and metabolic pathways.

Figure 8. Predicted co-expression network of ROR1-AS1. Cytoscape was used to identify a potential co-expressed regulatory network; with the genes exhibiting 
co‑expression relationships, a large regulatory network containing 45 genes and a small regulatory network containing 15 genes was identified. Additionally, 
10 pairs of genes exhibiting direct regulatory interactions with ROR1-AS1 were marked with red lines. ROR1-AS1, tyrosine protein kinase transmembrane 
receptor 1 antisense RNA.

Table VI. LncRNA ROR1-AS1-associated GO terms and KEGG pathways in hepatocellular carcinoma.

 Percentage
ID enrichment (%) R-value P-value FDR Term/pathway

GO:0005509 10.52631579 N/A 0.005942049 6.078863585 Calcium ion binding
GO:0005576 15.78947368 N/A 0.008242573 8.138546109 Extracellular region
GO:0004222 5.263157895 N/A 0.014987253 14.69223656 Metalloendopeptidase activity
GO:0005615 12.28070175 N/A 0.036377209 31.61735184 Extracellular space
GO:0050840 3.50877193 N/A 0.042273690 36.52490946 Extracellular matrix binding
GO:0050832 3.50877193 N/A 0.048703923 45.96726280 Defense response to fungus
hsa04919 N/A 0.218307346 0.012053686 N/A Thyroid hormone signaling pathway
hsa04015 N/A 0.218307346 0.035140101 N/A Rap1 signaling pathway
hsa04810 N/A 0.218307346 0.036348782 N/A Regulation of actin cytoskeleton
hsa04151 N/A 0.218307346 0.038191424 N/A PI3K-Akt signaling pathway
hsa04080 N/A 0.218307346 0.045736192 N/A Neuroactive ligand-receptor interaction
hsa01100 N/A 0.281923180 0.047118941 N/A Metabolic pathways LncRNA ROR1-AS1, 
     long noncoding 

RNA tyrosine protein kinase transmembrane receptor 1 antisense RNA 1GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and 
Genomes; FDR, false discovery rate.
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To further analyze the important biological role of 
ROR1-AS1 in HCC, co-expression analysis was conducted 
using data obtained from GSE54236. Then, a comprehensive 
analysis was conducted using the co-expressed genes of 
ROR1‑AS1 identified in GSE54236. WGCNA analysis identi-
fied a potential co‑expression regulatory network, suggesting 
that within these co-expressed genes, there may be a large 
regulatory network comprising 45 genes and a small regula-
tory network comprising 15 genes. It is noteworthy that 10 
genes exhibited direct regulatory interactions with ROR1-AS1. 
Using the NCBI and NONCODE databases, spatial structures 
and transcript information for these genes included in the 
large regulatory network were obtained. A phylogenetic tree 
was constructed using 23 genes collected from the NCBI and 
NONCODE databases which possessed clear transcript infor-
mation from homo sapiens. The phylogenetic tree showed that 
the co-expressed genes were split into 4 subfamilies; C1orf94, 
OLFML2B, ATCAY, TNNT3, PAX7 and FABP7 were in the 
same subfamily as ROR1-AS1.

The integration of data from MEM, GEO and TCGA 
enabled exclusion of genes with R<0.5, and 12 genes with 
R>0.5 were maintained and verified in the three databases. The 
number of co-expressed gene pairs was obtained, including 
the aforementioned 12 genes of different types (lncRNAs 
and mRNAs). Finally, these data were combined with gene 
expression data to predict possible co-expression regulatory 
networks. GRCh38.95 helped to perform whole-genome 
mapping, covering the 12 genes that exhibited the strongest 
regulatory relationships with ROR1-AS1 in HCC. Therefore, 
the co-expression regulatory network can be seen directly 
without relying on complex algorithmic methods that rely on 
complex assumptions.

Based on existing literature, the present study is the first, 
to our knowledge, to report a potential role for lncRNA 
ROR1-AS1 in the prognosis of HCC. However, to ensure the 
wide application of ROR1-AS1 in evaluating the prognosis 
of liver cancer, future clinical studies should be conducted to 
verify these conclusions.

Figure 9. Neighbor-joining phylogeny for the selected clade of long noncoding RNA ROR1-AS1. Phylogenetic tree containing 24 genes for which clear 
transcribed sequences in the NCBI and NONCODE databases could be found was generated. The value on the branch is the genetic distance between different 
genes. ROR1-AS1, tyrosine protein kinase transmembrane receptor 1 antisense RNA.
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The present found that expression of lncRNA ROR1-AS1 
was significantly increased in HCC patients and associated 
with several clinical features and an undesirable prognosis; 
therefore, lncRNA ROR1-AS1 may serve as a useful biomarker 
for the prognosis of patients with HCC.
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