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Abstract. Cancer stem cells (CSCs) play important roles in 
cancer initiation, progression and metastasis. The aim of the 
present study was to identify the potential targets that may 
contribute to the generation of hepatocellular carcinoma stem 
cells (HCSCs) from hepatocellular carcinoma (HCC) cells. 
The RNA sequencing  (RNA‑Seq) dataset GSE70537 was 
downloaded from the Gene Expression Omnibus (GEO) data-
base. Raw RNA sequences were mapped to the GRCh37/hg19 
genome based on TopHat and assembled through Cufflinks. 
Cuffdiff of Cufflinks was used for the screening of differ-
entially expressed genes (DEGs) in the two types of HCSCs 
(Hep3B‑C and Huh7‑C) compared with the two types of HCC 
cells (Hep3B and Huh7) which were satisfied by the criteria 
of |log2(RPKMHCSC/RPKMHCC)| >1 and p<0.05. In addi-
tion, based on the Database for Annotation, Visualization, 
and Integrated Discovery (DAVID), we screened the Gene 
Ontology (GO) terms and Kyoto Encyclopedia of Genes and 
Genomes  (KEGG) pathways which were enriched in the 
DEGs. For the DEGs with consistent differential expression in 
the two lists of DEGs, the LncRNA2Target database was used 
for the identification of long non‑coding RNA (lncRNA)‑gene 
pairs. A total of 218 and 591 DEGs were identified for the 
Hep3B‑C and Huh7‑C samples, respectively, and 22 overlaps 
were obtained. Biological processes and pathways related to 
steroid biosynthesis/metabolism or other substance transport 

were found to be enriched in the two lists of DEGs. Among 
the 22 overlaps, 16 were found to be consistently differentially 
expressed in the two HCSC samples, and the lncRNA‑gene 
regulatory network of these genes was constructed. Moreover, 
several potential biomarkers that may play important roles in 
the transformation of HCSCs were identified in the regulation 
network. Through the bioinformatics analysis of the RNA‑Seq 
dataset, several novel targets that were associated with the 
progression of HCC were obtained, and these targets may be 
valuable for the treatment and prognosis of HCC.

Introduction

Hepatocellular carcinoma (HCC) is one of the most common 
malignancies with a high patient mortality rate (1,2). According 
to incomplete statistics, there are 360,000 diagnosed cases of 
primary liver cancer resulting in 350,000 deaths each year in 
China (3). Various new treatment options have been proposed 
and surgical resection is the most common strategy. Yet, the 
prognosis of HCC remains poor due to the difficulty in early 
detection and drug resistance (4‑6). Thus, identification of 
biomarkers for the diagnosis and treatment of HCC is crucial.

Cancer stem cells (CSCs) are a type of cells associated with 
tumor initiation, metastasis and drug resistance (7‑9). They 
are characterized by self‑renewal capacity and the ability fo 
differentiate into multiple cell types. Moreover, they have been 
identified as therapeutic targets of many types of cancers, such 
as HCC (10). In a study by Sun et al, liver cancer stem‑like 
cells (LCSCs) from MHCC97H cells were enriched and their 
aggressive phenotype compared with MHCC97H cells was 
confirmed. They also demonstrated their role in increased 
metastatic potential (11). By immunohistochemical methods, 
Matthai et al found that the LCSC marker, EpCAM, was down-
regulated in HCC, which was not associated with hepatitis B 
virus (HBV) infection (12). Moreover, various genetic factors, 
such as gene mutation and exogenous stimulation, were also 
found to affect the properties of CSCs and thus cause the 
progression of cancers. Thus, investigation of the regulatory 
mechanisms of CSCs is necessary in order to improve the early 
detection, as well as the efficacious treatment of cancers.

Long non-coding RNAs and genes contributing to 
the generation of cancer stem cells in hepatocellular 

carcinoma identified by RNA sequencing analysis
Liye Cao1*,  Quan Zhang2*,  Shujie Cheng2,  Zhi Chen2,   

Zhijuan Hua2,  Jihong Yang2,  Dan Liu4  and  Na Cui3

Departments of 1Medical Ultrasound, 2Hepatobiliary Surgery and 3Intensive Care Unit, 
Affiliated Hospital of Hebei University, Baoding, Hebei 071000; 4Department of Ultrasonic Imaging, 

Zhuhai People's Hospital, Zhuhai, Quangdong 519000, P.R. China

Received March 7, 2016;  Accepted April 22, 2016

DOI: 10.3892/or.2016.5120

Correspondence to: Dr Quan Zhang, Department of Hepatobiliary 
Surgery, Affiliated Hospital of Hebei University, 212 Yuhua East 
Road, Baoding, Hebei 071000, P.R. China
E‑mail: zzttmm0312@163.com

*Contributed equally

Key words: cancer stem cells, RNA sequencing, Gene Expression 
Omnibus database, lncRNA



CAO et al:  Potential Targets in the Generation of HCSCs2620

With the development of high‑throughput technologies, 
such as microarray and RNA sequencing (RNA‑Seq), more 
and more regulators of CSCs have been identified. Through 
small RNA‑Seq, Jones et al found that CDX1‑miR‑215 regu-
lated the differentiation of colorectal CSCs (13). Wang et al 
demonstrated the capability of N‑cadherin in the translation 
of CSCs in prostate cancer through ErbB signaling by micro-
array and western blot analysis (14). Long non‑coding RNAs 
(lncRNAs) are non-protein coding transcripts which regulate 
gene expression in normal or cancer cells. In the past few 
years, many lncRNAs have been studied in LCSCs. They were 
shown to play important roles in the initiation, progression and 
metastatic of HCC. For example, lncRNA CUDR was found 
to regulate the malignant differentiation of LCSCs under the 
regulation of HULC and β‑catenin (15). LncRNA HOTAIR 
was found to promote the growth of LCSCs via the downregu-
lation of SETD2 (16). However, the exact mechanisms of CSCs 
in liver cancer cells remain unknown.

In the present study, using the RNA‑Seq dataset in the 
Gene Expression Omnibus (GEO), we identified the differen-
tially expressed genes (DEGs) in LCSCs compared with HCC 
cells. Function and pathway enrichment analysis indicated 
the Gene Ontology (GO) terms and pathways which may be 
involved in the process of translation from HCC cells into 
LCSCs. Moreover, an lncRNA‑gene regulatory network 
screened out several regulatory relationships in LCSCs, which 
may contribute to the further understanding of the regulatory 
mechanisms of HCC.

Materials and methods

RNA‑Seq dataset. The RNA‑Seq dataset, GSE70537, which 
was deposited by Ding  et  al  (8) was downloaded from 
GEO (http://www.ncbi.nlm.nih.gov/geo/). It contains two 
HCC samples (Hep3B, Huh7) and two hepatic cancer stem 
cell  (HCSC) samples (Hep3B‑C, Huh7‑C). In this dataset, 
the total RNAs from the four samples were extracted and 
sequenced via Illumina Genome Analyzer Ⅱ.

Differential expression analysis. TopHat (17) was used to map 
the RNA‑Seq reads to the GRCh37/hg19 genome with the max 
mismatches of two. The sorted bam files from TopHat were 
used to calculate the numbers of the reads which were mapped 
to the exons of a gene based on Cufflinks (17) and normalized 
to reads per kilo‑base of the exon model per million mapped 
reads (RPKM), which is the representation of the expression 
values of the genes. Finally, through Cuffdiff in Cufflinks, 
DEGs in HCSCs compared with HCC cells were obtained with 
the cutoff of |log2(RPKMHCSC/RPKMHCC)| >1 and p<0.05.

Functional enrichment analysis. For the DEGs in HCSCs, 
the Database for Annotation, Visualization and Integrated 
Discovery (DAVID, https://david.ncifcrf.gov/) (18) was used 
for the functional and pathway enrichment analysis. In this 
study, GO terms and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathways meeting p<0.05 were considered 
to be enriched.

Screening of lncRNA‑gene pairs. In the past few years, 
lncRNAs have been identified as important regulators in many 

phenotypes by knocking down or overexpressing them followed 
by microarray or RNA‑Seq experiments. LncRNA2Target 
(http://www.lncrna2target.org) (19) is a web‑based tool that 
stores lncRNA‑gene pairs which were obtained from the 
independent low throughput, such as qRT‑PCR and western 
blot analysis, or high throughput, such as gene microarray and 
RNA‑Seq. In the present study, various lncRNAs which may 
regulate the DEGs were obtained from the LncRNA2Target 
database and the lncRNA‑gene regulatory network was 
constructed and visualized by Cytoscape software (20).

Results

Quality control and mapping. As a representative, the quality 
control (QC) outcome of the RNA‑Seq reads of the Hep3B 
cells, which was obtained from FastQC (http://www.bioinfor-
matics.babraham.ac.uk/projects/fastqc/) is shown in Fig. 1. An 
average of 95.5% (93.0‑96.6%) mapping rate of each RNA‑Seq 
sample was obtained from TopHat and the mapping rate for 
each sample is shown in Table Ⅰ.

Differential expression analysis. Based on Cufflinks, the 
mapped reads in each sample were assembled into transcripts, 
and the number of reads mapped to the genes was calculated. 
Fig. 2 shows the number of reads mapped to every gene between 
Hep3B and Hep3B‑C, as well as Huh7 and Huh7‑C. Thus, it 
should be unbiased to conduct differential expression analysis 
based on RPKM in the four samples. By Cuffdiff, a number of 
218 DEGs containing 82 downregulated and 136 upregulated 
DEGs were identified in the Hep3B‑C vs. Hep3B samples. 
In addition, a total of 591  DEGs containing 298  down-
regulated and 293 upregulated DEGs were identified in the 
Huh7‑C vs. Huh7 samples. A total of 22 overlaps were found 
between these two lists of DEGs (Table Ⅱ). Among these, 
16 overlaps were consistently upregulated or downregulated in 
the Hep3B‑C and Huh7‑C samples.

Enriched functions and pathways. Through functional and 
pathway enrichment analysis, several GO terms were found to 
be co‑enriched in the two lists of DEGs, such as ʻsteroid meta-
bolic process’ and ʻcholesterol metabolic process’. The top 20 
most significantly enriched GO terms in the two lists of DEGs 
are shown in Fig. 3. In addition, two pathways, which include 
ʻarginine and proline metabolism’ and ʻglycine, serine and 
threonine metabolism’, were found to be enriched in the DEGs 
of Hep3B‑C. The 7 enriched pathways of DEGs of Huh7‑C are 
shown in Table Ⅲ.

Table Ⅰ. Total/mapped reads and mapping rates in every sample.

	 Total	 Mapped	 Mapping
Sample ID	 reads	 reads	 rates (%)

Hep3B	 9,347,804	 8,693,154	 93.0
Huh7	 11,367,875	 10,981,181	 96.6
Hep3B-C	 7,842,223	 7,524,237	 95.9
Huh7-C	 13,785,623	 13,276,070	 96.3
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Figure 1. Quality scores across all bases in the Hep3B samples. The blue, yellow and red areas indicate high, moderate and low quality of bases in the cor-
responding positions, respectively.

Figure 2. Number of reads mapped to every gene in the (A) Hep3B and Hep3B‑C and (B) Huh7 and Huh7‑C samples.

Table Ⅱ. Overlapped genes identified between the DEGs in the Hep3B-C and Huh7-C samples.

Symbol	 Log2FC_Hep3B-C	 Log2FC_Huh7-C	 Symbol	 Log2FC_Hep3B-C	 Log2FC_Huh7-C

FXYD3a	 -5.98	 -3.09	 SPRY4b	 3.53	 1.28
CACNB2	 -4.71	 2.53	 BMP4b	 3.63	 1.35
HDAC9	 -4.15	 7.61	 BOP1b	 3.67	 1.27
IFI6a	 -3.93	 -3.03	 HSD3B7	 3.70	 -1.36
TNS1a	 -3.83	 -2.31	 NQO1b	 3.87	 1.96
PRTG	 -3.61	 1.89	 MVDb	 4.06	 1.32
NTS	 -3.28	 1.45	U GT1A1b	 4.37	 7.02
KNG1a	 -3.15	 -2.05	 SLC43A2b	 4.50	 2.02
MAT1A	 3.27	 -2.71	 HPDb	 4.56	 2.20
LY6Eb	 3.32	 1.24	 FASNb	 4.61	 1.51
FDFT1b	 3.39	 1.12	 VSNL1b	 4.88	 3.95

P<0.05 was considered to indicate a significant difference. DEGs that were consistent adownregulated and bupregulated in the Hep3B-C and 
Huh7-C samples, respectively. DEGs, differentially expressed genes; Log2FC_Hep3B-C, log2(RPKMHCSC/RPKMHCC) of Hep3B-C samples; 
Log2_FC_Huh7-C, log2(RPKMHCSC/RPKMHCC) of Huh7-C samples.
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lncRNA‑gene pairs. In the LncRNA2Target database, 
10 lncRNAs were found to regulate 13 of the 16 DEGs with 
consistent differential expression in the Hep3B‑C and Huh7‑C 
samples. Among them, 42 lncRNA‑gene pairs were identified. 
By Cytoscape, the lncRNA‑gene regulatory network (Fig. 4) 
was constructed. lincFOXF1 was the hub node in the network 
and regulated 7 genes. It may act as a target which influences 
the transformation of HCC cells to HCSCs.

Discussion

The process of transformation of HCC cells to hepatocellular 
carcinoma stem cells (HCSCs) is associated with the initiation, 
progression, metastasis and poor prognosis of HCC (21,22). 

Yet, the specific mechanism remains unclear. In the present 
study, through reanalysis of RNA‑Seq dataset in GEO, we 
identified various key factors that may contribute to the devel-
opment of HCSCs and serve as new therapeutic targets in the 
treatment of HCC.

Hep3B and Huh7 are two types of HCC cells which have 
been used in many studies (23,24). In the dataset of this study, 
HCSCs (Hep3B‑C, Huh7‑C) were cultured from Hep3B and 
Huh7 cells. Then, the total RNA of these four samples was 
extracted and sequenced by Illumina Genome Analyzer Ⅱ. 
Here, we identified various DEGs in the Hep3B‑C vs. Hep3B 
and Huh7‑C  vs.  Huh7 samples, respectively. A total of 
22 overlaps were obtained between these two lists of DEGs. In 
addition, 16 genes were found to display consistent differential 

Figure 3. The top 20 most significantly enriched GO terms of the DEGs in the (A) Hep3B‑C and (B) Huh7‑C samples. GO, Gene Ontology; DEGs, differentially 
expressed genes.

Table Ⅲ. Pathways enriched in the DEGs of the Huh7-C samples.

Pathway name	 No. of genes	 P‑value	 Genes

Complement and coagulation cascades	 10	 0.00111	 KNG1, C8B, F12, A2M, C3, SERPINF2, CD46,
			   F2, SERPING1, PROC
Axon guidance	 13	 0.00352	 ROCK2, GNAI1, EFNA1, ABLIM3, EPHB3,
			   CXCL12, EPHB2, EPHB6, NFAT5, SEMA3D,
			   SEMA3C, ROBO3, SEMA3A
PPAR signaling pathway	   8	 0.0154	 APOA2, CD36, APOA1, HMGCS2, APOC3,
			   ACSL4, CPT1A, PCK1
TGF-β signaling pathway	   9	 0.0172	 INHBB, BMP4, EP300, ID2, ROCK2, INHBE,
			   ID1, ZFYVE9, FST
Terpenoid backbone biosynthesis	   4	 0.0177	 HMGCS2, MVD, HMGCR, HMGCS1
Leukocyte transendothelial migration	 10	 0.0354	 ITGAL, VAV3, CLDN4, ROCK2, GNAI1,
			   PECAM1, CLDN2, ESAM, CXCL12, CLDN14
Synthesis and degradation of ketone bodies	   3	 0.0437	 HMGCS2, OXCT1, HMGCS1

DEGs, differentially expressed genes; no. of genes, the number of DEGs contained in each pathway.
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expression in the Hep3B‑C and Huh7‑C samples. These results 
indicate that various common mechanisms exist in the devel-
opment of HCSC samples from different HCC cells which is 
consistent with previous studies (25,26). FXYD3 was one of the 
most downregulated genes in both HCSC samples among the 
16 identified genes. FXYD3, also known as MTA8 and PLML, 
encodes a cell membrane protein which regulates the function 
of ion pumps and ion channels. It also plays an important role 
in tumor progression (27‑29). The upregulation of FXYD3 is 
associated with many types of cancers, such as rectal cancer, 
breast cancer, endometrial cancer and intrahepatic cholangio-
carcinoma (30‑33). In the present study, FXYD3 was found 
to be downregulated in the Hep3B‑C and Huh7‑C samples, 
which has not been demonstrated by any other previous study. 
This indicates its role in the transformation of HCSCs from 
HCC cells and the association with the development of HCC.

The pathways of ʻsubstance metabolism and transport’, 
including ʻsteroid metabolic process’ and ʻcholesterol meta-
bolic process’ were found to be enriched in the two lists of 
DEGs. As steroid is an important metabolite, the dysregula-
tion of its functions is associated with the generation of CSCs 
in many types of cancers and could affect progression (34‑36). 
In this study, MVD, which is related to cholesterol biosyn-
thesis, was found to be present in both of these two pathways: 
ʻsteroid biosynthetic/metabolic process’ and ʻterpenoid back-
bone biosynthesis’ in the Huh7‑C sample. To date, there is 
no study that shows the relationship between MVD and the 
development of HCC. Thus, this gene may be a potential novel 
biomarker.

lncRNAs are a type of non‑coding RNAs which populate 
in the cancer genome. They play an important role in gene 
translation and have been identified as potential biomarkers 
in many types of cancers (37). Moreover, the rapid growth 
of high‑throughput technologies, such as microarray and 
RNA‑Seq, has accelerated the mining of novel lncRNAs 
followed by the vast emergence of new resources. For example, 

NONCODE 2016 (http://www.bioinfo.org/noncode/), which 
was developed by Zhao et al, provides the largest amount of 
lncRNA collections and annotation information, including 
conservation annotation and references  (38). As a manu-
ally curated lncRNA database with experimental support, 
Lnc2Cancer (http://www.bio‑bigdata.net/lnc2cancer) could 
provide the relationship between lncRNAs and various 
human cancers (39). In the present study, LncRNA2Target 
curated lncRNA‑gene pairs through manipulating low‑ and 
high‑throughput experiments to screen the potential lncRNAs 
for the 16  DEGs which displayed consistent differential 
expression in the two types of HCSCs. In the lncRNA‑gene 
regulatory network, we found that lincFOXF1 regulated 
7 DEGs and was identified as a hub node. lincFOXF1 is also 
known as FENDRR and its downregulation was found to 
be associated with gastric cancer cell metastasis and poor 
prognosis (40). It also plays an important role in mammalian 
embryogenesis (41), and has been closely associated with stem 
cell development. Thus, it may also affect the transformation 
of CSCs and provide valuable targets for cancer treatment. 
Moreover, the targets of lincFOXF1, including BMP4, FDFT1, 
IFI6, LY6E, MVD, SLC43A2 and SPRY4, have been validated 
as playing roles in cancer progression and metastasis, and 
several were novel targets identified in the present study. Yet, 
further studies are still needed.

In conclusion, through the analysis of the RNA‑Seq 
dataset in GEO, we identified various potential targets that 
may contribute to the generation of HCSCs and are associated 
with the initiation, progression and metastasis of HCC. These 
targets may facilitate the diagnosis and treatment of HCC and 
improve the prognosis of HCC patients.
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Figure 4. The lncRNA‑gene regulation network of genes that was found to have consistent differential expression in the Hep3B‑C and Huh7‑C samples. The 
ovals and squares indicate lncRNAs and genes, respectively. lncRNA, long non‑coding RNA.
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