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Abstract: Long-chain non-encoded RNAs (lncRNAs) are important in many life activities and can participate 

in the occurrence of hepatocellular carcinoma (HCC). Moreover, lncRNAs can be used as basis for 

developing new strategies to hinder liver cancer. To investigate the utility of lncRNAs in HCC as potential 

biomarkers for early detection and diagnosis, we mined genomic data from the Cancer Genome Atlas (TCGA), 

and analyzed the gene expressions from 374 tumor patients and 50 normal patients. The abnormal 

expressions of 387 differentially expressed lncRNAs (DElncRNAs) were identified from a total of 3099 

lncRNAs. Moreover, 18 modules were divided based on WGCNA, and 2 of the 18 modules were positively 

correlated with stage and grade, and negatively correlated with survival time. Finally, 10 lncRNAs were found 

and their main functions are the enhancement of cellular metabolic capacity and cell proliferation. These 10 

lncRNAs may serve as novel prognostic markers and therapeutic targets, and may help guide subsequent 

studies on HCC. 
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INTRODUCTION 

Liver cancer is the third leading cause of cancer mortality worldwide and has an extremely poor prognosis 
[1-4]. The incidence of liver cancer in men is higher than in women [5]. Moreover, hepatocellular carcinoma 
(HCC) is the most common form of liver cancer. The major pathogenic promoters of HCC include 
viral/alcohol-related liver disease, obesity, type 2 diabetes, and nonalcoholic fatty liver disease[6]. The 

HIGHLIGHTS 
 

 The gene expressions from 374 tumor patients and 50 normal patients in TCGA were analyzed. 

 The abnormal expressions of 387 differentially expressed lncRNAs (DElncRNAs) were identified. 

 10 lncRNAs, whose main functions are cellular metabolic capacity and proliferation, were found. 

 The key lncRNAs may be used as new biomarkers for the prognosis of HCC. 
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underlying molecular mechanisms remain unclear, however. Therefore, exploring convenient and accurate 
methods for preventing and even healing HCC is important. 

Non-encoded RNA refers to functional RNA molecules that cannot be translated into proteins, and they 
include small interferometric RNA, microRNA, piRNA, and long-chain non-encoded RNA (lncRNA). Long-
chain non-encoded RNA is a non-encoded RNA with a length greater than 200 nucleotides[7,8]. Studies have 
shown that lncRNA is important in many life activities, such as dose-compensation effect, epigenetic 
regulation, cell cycle regulation, and cell differentiation regulation; thus, it has become a hotspot of genetics 
research. Studies on the expressions of lncRNAs, such as UFC1[9], lnc00210[10], AB209630[11], and TP73-
AS1[12], have been associated with cell proliferation and metastasis in HCC. Moreover, lncRNA have been 
reported to participate in the occurrence of HCC. For example, lincRNA SNHG20[13], HOTTIP/HOXA13[14] 
and HOTAIR[15] were explored and could be predictors for the recurrence of liver cancer. These findings 
provided evidence that the innovative utilization of lncRNAs as biomarkers for HCC disease progression and 
tumor suppression therapy will be a promising approach for therapeutic options. 

Numerous shared databases have been developed for cancer research as networks have become 
established. Tumor Genome Mapping (TCGA) uses genomic analysis techniques, which are dominated by 
large-scale sequencing, to understand the molecular mechanisms of cancer through extensive collaboration. 
Compared with single biomarker prediction of HCC, multi-biomarker prediction based on lncRNA can improve 
prediction accuracy. In our study, the analysis of differential lncRNA between HCC and adjacent normal 
tissue based on TCGA database provided credible biomarkers for HCC. 

MATERIAL AND METHODS  

Acquisition of clinical data and RNA-seq data 

Patient data from 374 patients with HCC were provided by the TCGA database 

(https://cancergenome.nih.gov/). In addition to patient samples with incomplete clinical information, complete 

data from 358 patients were provided. Moreover, lncRNA and mRNA expression data from 374 tumor and 

50 paracancerous samples were downloaded from TCGA. 

Different Expression Genes Analysis 

The edgeR packages of bioconductor analysis tool for R was applied to detect the differentially 

expressed genes (DEGs), which were based on a range of statistical methodologies based on the negative 

binomial distributions, including empirical Bayes estimation, exact tests, generalized linear models, and 

quasi-likelihood tests. For mRNA, the differential expression genes (DEGs) with |logFC|>1 and FDR <0.05 

were considered significant; and for lncRNA, DEGs with |logFC|>3 and FDR <0.05 were considered 

significant. 

Weighted Correlation Network Analysis 

Before using the R package “WGCNA” for analysis, we integrated and normalized the differentially 

expressed mRNA and all lncRNA in one matrix. Only 358 tumor samples with comprehensive clinical data 

were included in the study. Patient clinical information included gender, race, clinical stage, survival time, 

clinical grade, survival status, and age. Moreover, WGCNA was used for scale-free network topology analysis 

of the RNA-seq expression data of HCC samples. The analytical approach aimed to find co-expressed gene 

modules and explore the association between gene networks and phenotypes of interest, as well as core 

genes in the network. The correlation coefficient between genes and genes was based on the Pearson 

method. Based on the mRNA co-expressed with lncRNA, we predicted the biological function of lncRNA. In 

this study, we were more interested in genes whose expression levels were up-regulated in tumors. 

Functional Gene Enrichment Analysis 

Metacape (http://metascape.org/) was used for gene enrichment analysis, including gene ontology (GO) 

and Kyoto Encyclopedia of Genes and Genomes (KEGG). FDR<0.05 was considered statistically significant.  

Cox Regression 

The relationship between lncRNA expression level imbalance and patient survival was evaluated by 

univariate Cox regression analysis. Considering the large number of genes, to make the results highly 

credible, we believed that P value <0.01 was significant. After Wayne's analysis, we found 10 lncRNAs as 
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biomarkers for liver cancer. Multivariate Cox regression analysis was performed to evaluate these 10 

lncRNAs. According to the significant survival lncRNA Cox regression coefficient, each patient was scored 

for risk and divided into low- and high-risk groups according to median risk. Furthermore, Cox regression 

analysis relied on the “survival” package in R to complete. 

RESULTS 

A total of 3099 lncRNAs from 50 normal samples and 374 HCC samples were obtained from TCGA. The 

expression levels of all lncRNAs standardized via TMM were displayed in the heatmap (Figure 1A). EdgeR, 

a R package to process the differential expression analysis of RNA-seq expression profiles with biological 

replication, was performed to identify 387 DElncRNAs, including 382 upregulated and 5 downregulated genes. 

As shown in the volcano plot, red dots indicated upregulated genes and green dots indicated downregulated 

genes, which were significantly regulated > 8-fold (|log2FC|>3) in HCC samples and FDR<0.05. Black dots 

show genes with inconspicuous regulation (Figure 1B). Apparently, lncRNA is highly expressed in tumors. 

Thus, our follow-up study only focused on the high expression of lncRNA. 

 
Figure 1. Heatmap and volcano plot showing differentially expressed lncRNAs of HCC compared with paracancerous 

samples. (A) Heatmap exhibits the expression of lncRNAs in the matrix. Those samples and genes with similar 

expression states were clustered together. (B) Volcano plots, the red dots indicate upregulated lncRNAs and green dots 

indicate downregulated lncRNAs, whose |log2FC|<3 and FDR<0.05. The black dot marks the no-significant-changed 

lncRNAs. The X axis represents log2FC and the Y axis is the value of log10FDR. 

To investigate which lncRNAs were associated with important clinical indicators, we performed weight 

co-expression analysis. First, we determined the DEmRNA by using EdgeR (Figure S1A and Figure S1B). 

Afterward, 8851 DEmRNAs and all 3099 lnRNAs were integrated into a matrix, which was used to perform 

WGCNA. Based on the characteristics of the data, β=4 was selected as the appropriate soft‐thresholding 

value to construct a scale-free network (Figure 2A). As a result, these genes were divided into 18 modules 

(Figures 2B and 2C). Combining the clinical data of patients, we calculated the correlation between each 

module and clinical information. What we were most concerned about in this clinical information were the 
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clinical stage, survival time, and clinical grade. Interestingly, the blue and turquoise modules were positively 

correlated with stage and grade, and negatively correlated with survival time (Figure 2D). In other words, as 

the gene expression levels of these 2 modules increased, the patient’s clinical stage and clinical grade 

increased and survival time decreased. Therefore, the lncRNAs in these two modules are potential 

biomarkers for HCC. 

 
Figure 2. (A) Selection of soft thresholds in WGCNA. 4 was selected as a soft threshold. (B) Network heatmap plot to 

visualize the genetic correlation within the modules. The results show that the genes of the same modules tend to cluster 

together, which justifies the rationality of the module division. (C) Tree diagram represents the distant relationship 

between genes and genes. The similar genes are clustered into the consent module. (D) Module-clinical features 

correlation analysis. Red means positive correlation, blue means negative correlation and The shades of color represent 

the degree of correlation. For a cancer research, the most important clinical features are clinical stage, survival time, 

and clinical grade. 

To further study the relationship between lncRNA expression and patient survival, we performed cox 

regression analysis (proportional hazards analysis) of all lncRNAs. Those lncRNAs with P values <0.01 and 

HR values >1 were considered significant. So far, we had three lncRNA sets, including DElncRNAs, the 

lncRNAs in blue and turquoise modules, and the lncRNAs significantly associated with survival time. We 

analyzed these 3 sets using Wayne analysis. The results showed the presence of 10 lncRNAs in these three 

sets simultaneously (Figure S2). These 10 lnRNAs were MIR137HG, BX322234.2, C10orf91, LINC02154, 

LINC01096, PICSAR, AC090921.1, AP003469.2, AP003469.2 and LINC01559.1 Their information in 

univariate cox regression are shown in Table 1. To further demonstrate the importance of these 10 genes, 

we performed a multivariate cox regression model with the expression levels of these 10 lncRNAs as 

variables. According to the regression results, we divided patients into a high-risk group (n=179) and a low-

risk group (n=179). The results showed that the survival time of high-risk patients are significantly lower than 

those of low-risk patients (P < 0.001, Figure 3A). Moreover, ROC analysis showed that AUC (Area Under 

Curve) was 0.787. These indicated that these lncRNAs are potential HCC biomarkers, and their high 

expression levels have strong biological significance in the development of HCC. 
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Table 1. Univariate cox regression of 10 lncRNAs shows significant correlation with survival. Hazard ratio (HR), HR = 

risk function h1(t) of the exposed group / risk function h2(t) of the non-exposed group, t refers to the same time point. HR 

> 1 means the mortality risk of exposed group is higher than non-exposed group. 

Gene HR P-value 

MIR137HG 1.290015508 0.000179584 

BX322234.2 1.206519509 0.002257706 

C10orf91 1.188059694 4.79E-06 

LINC02154 1.156755704 0.002126805 

LINC01096 1.177976544 0.008431249 

PICSAR 1.270247912 5.44E-06 

AC090921.1 1.176592219 0.007129329 

AP003469.2 1.180233484 0.00034846 

LINC01224 1.13121042 0.000504966 

LINC01559 1.105267388 0.002786875 

 

 

Figure 3. Kaplan-Meier (KM) method and receiver operating characteristic (ROC) determine the sensitivity and 

specificity of 10 lncRNA multivariate cox models. (A) KM plot shows that the survival time of the high-risk group is 

significantly lower than thatc of the low-risk group (P < 0.001). (B) ROC curve shows that the overall prediction accuracy 

of the model has reached 0.787, which proved that the results of this analysis are reliable. 

To explore the function of these 10 lncRNAs, we needed to construct their co-expression networks with 

mRNA. In the previous WGCNA, we obtained the co-expression relationship of genes in the blue and 

turquoise modules. We selected the top 30 genes with the largest correlation coefficients of lncRNA for co-

expression network construction. Of the 10 lncRNAs, 3 of them (LINC01559, LINC01224, MIR137HG) were 

in the blue module and 7 (BX322234.2, C10orf91, LINC02154, LINC01096, PICSAR, AC090921.1, 

AP003469.2) were in the turquoise module. Afterward, two co-expression networks were constructed 

(Figures 4A and 4C). The mRNAs in the co-expression network were likely to be positively regulated by 

lncRNAs in various ways. Thus, the functions of these mRNAs were the underlying mechanism of lncRNAs. 

We separately performed enrichment analysis of the mRNAs in the two networks. The most enriched 

functions and pathways were visualized based on the FDR value. The results seemed to indicate that the 

main function of the turquoise module was to enhance cellular metabolic capacity (Figure 4B), whereas the 

blue module primarily enhanced cell proliferation (Figure 4D). 
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Figure 4. (A) Co-expression network diagram of 7 lncRNAs in the turquoise module. The red nodes are lncRNAs, and 

the green ones are mRNAs. (B) Gene enrichment analysis (GO and KEGG) of the mRNA in the turquoise module co-

expression network. We showed all results with P less than 0.05. Rich factor = the number of mRNAs enriched / the 

total number of mRNA in network.(C) Co-expression network diagram of 3 lincRNAs in the blue module. The red nodes 

are lncRNAs, and the green ones are mRNAs. (D) Gene enrichment analysis (GO and KEGG) of the mRNAs in the blue 

module co-expression network. We also showed all results with P less than 0.05. 

DISCUSSION 

HCC is a worldwide disease with a survival rate of less than 5 years due to clinical conditions, such as 

easy transfer and complex cirrhosis of the liver [16]. Exploring the effective detection of biological markers of 

HCC is conducive to improving the understanding of its pathogenesis. Recently, research has proved the 

essential roles of lncRNAs in the pathogenesis and progression of HCC [17,18]. In our study, we screened 

key lncRNAs related to HCC through the TCGA database, and helped us elucidate the molecular 

mechanisms of HCC at the genomic level. 

Recent studies have shown that lncRNAs can interact with other cellular macromolecules, including DNA, 

proteins, and RNA, and induce many important phenotypes in diverse cancers[19]. Our research is based on 

TCGA data and bioinformatics and sought to analyze the differential expression of lncRNA (DElncRNA). The 

RNA expression spectrum data from 374 tumor patients and 50 normal patients were downloaded from the 

TCGA project. The abnormal expression levels of 387 DElncRNAs were identified from a total of 3099 

lncRNAs. Finally, our study focused on the high expression of lncRNA. 

In recent years, more lncRNAs are being found and are closely related to the development and prognosis 

of HCC[16, 20]. lncRNA HULC was the first lncRNA-regulating gene expression that was reported in patients 
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with HCC [21]. lncRNA ANRIL has been found to be significantly up-regulated when regulating the 

proliferation ability in HCC tissues[22]. Upregulation of long noncoding RNA ZEB1-AS1 promotes tumor 

metastasis and predicts poor prognosis in HCC [23]. Long noncoding RNA CCAT1 promotes HCC 

progression by functioning as a sponge [24]. A novel lncRNA, TCONS_00006195, represses HCC 

progression by inhibiting enzymatic activity of ENO1[25]. Many lncRNAs have been proven to have key roles 

in the occurrence and development of HCC, and these will help us further understand the pathogenesis of 

liver cancer. In our study, 18 modules were divided based on WGCNA, and 2 of the 18 modules were 

positively correlated with stage and grade, and negatively correlated with survival time. Finally, 10 lncRNAs 

were found based on patient survival, namely, MIR137 host gene (MIR137HG), BX322234.2, long intergenic 

non-protein coding RNA 2870 (C10orf91), long intergenic non-protein coding RNA 2154 (LINC02154), long 

intergenic non-protein coding RNA 1096 (LINC01096), P38 inhibited cutaneous squamous cell carcinoma 

associated lincRNA (PICSAR), AC090921.1, AP003469.2, AP003469.2, and long intergenic non-protein 

coding RNA 1559 (LINC01559). Most of these lncRNAs relate closely with cancer. MIR137HG is correlated 

with the overall survival of patients with muscle-invasive bladder cancer[26]. C10orf91 is closely related with 

overall survival non-small cell lung cancer[27]. LINC02154 is risk factor for laryngeal cancer. LINC01559 

accelerates pancreatic cancer cell proliferation and migration[28]. The co-expression network and function 

of these 10 lncRNAs were analyzed. Their main functions are the enhancement of cellular metabolic capacity 

and cell proliferation. These lncRNAs may act as competing endogenous RNA to crosstalk with mRNAs and 

miRNAs. The lncRNA-miRNA-mRNA networks play an important role in cellular metabolic capacity and cell 

proliferation.  

However, the study was limited to bioinformatics results, and the results lack “wet-lab” verification. The 

further research will involve testing in cancer cell lines and animal models. 

CONCLUSION 

In conclusion, combining multiple reliable data platforms with existing knowledge is effective in explaining 

clinical problems. The key lncRNA confirmed by experiments can be used as new biomarkers for the 

prognosis of HCC. Moreover, targeted drugs can be designed based on the key lncRNAs and key signaling 

pathways to obtain the best cancer treatment. Therefore, the studying lncRNA will effectively guide us in 

comprehending the HCC mechanism. 

Conflicts of Interest: The authors declare no conflict of interest. 
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