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Hepatocellular carcinoma (HCC) is the third leading cause of cancer related death worldwide. Although great progress 
in diagnosis and management of HCC have been made, the exact molecular mechanisms remain poorly understood. The 
study aims to identify potential biomarkers for HCC progression, mainly at transcription level. In this study, chip data 
GSE 29721 was utilized, which contains 10 HCC samples and 10 normal adjacent tissue samples. Differentially expressed 
genes (DEGs) between two sample types were selected by t-test method. Following, the differentially co-expressed genes 
(DCGs) and differentially co-expressed Links (DCLs) were identified by DCGL package in R with the threshold of q < 0.25. 
Afterwards, pathway enrichment analysis of the DCGs was carried out by DAVID. Then, DCLs were mapped to TRANSFAC 
database to reveal associations between relevant transcriptional factors (TFs) and their target genes. Quantitative real-time 
RT-PCR was performed for TFs or genes of interest. As a result, a total of 388 DCGs and 35,771 DCLs were obtained. The 
predominant pathways enriched by these genes were Cytokine-cytokine receptor interaction, ECM-receptor interaction 
and TGF-β signaling pathway. Three TF-target interactions, LEF1-NCAM1, EGR1-FN1 and FOS-MT2A were predicted. 
Compared with control, expressions of the TF genes EGR1, FOS and ETS2 were all up-regulated in the HCC cell line, 
HepG2; while LEF1 was down-regulated. Except NCAM1, all the target genes were up-regulated in HepG2. Our findings 
suggest these TFs and genes might play important roles in the pathogenesis of HCC and may be used as therapeutic targets 
for HCC management.
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Hepatocellular carcinoma (HCC) is the seventh most 
common malignancy and the third leading cause of cancer-
related death worldwide [1]. Annually, about 0.25-1 million 
individuals are estimated to be newly diagnosed with HCC. It 
is most frequent in some developing countries in sub-Saharan 
Africa and far eastern Asia, where hepatitis B virus (HBV) 
and hepatitis C virus (HCV) infections are endemic and food 
contamination with Aflatoxin B1 is consumed. Since HCC has 
caused a major health problem worldwide [2], many studies 
have been performed to explore the underlying molecular 
mechanisms of HCC. 

Based on previous findings, epidermal growth factor (EGF) 
signaling is one of the most thoroughly evaluated signaling 
pathways in human HCC. Evidence shows that up-regulation 
of EGF is highly associated with HCC [3]. In addition, EGF 
receptor (EGFR) has anti-proliferative and pro-apoptotic ef-

fects in human HCC xenografts [4]. Mitogen Activated Protein 
Kinase (MAPK) pathway plays key roles in HCC develop-
ment, which regulates cell growth stimulation and involves in 
a number of receptors, such as EGFR [5, 6], hepatocyte growth 
factor receptor (HGFR) [7, 8], and insulin-like growth factor 
receptor (IGFR) [9]. Moreover, alterations of AKT and PETN, 
two important genes in PI3K/AKT/mTOR signaling pathway, 
have been demonstrated to be associated with HCC [10, 11]. 
Despite these significant findings, comprehensive regulation 
mechanisms on HCC pathogenesis remains obscure, especially 
about the transcription factor (TFs) information.

Previously, Stefanska et al established a  chip microarray 
dataset to examine the landscape of promoter DNA methyla-
tion in HCC [12]. Nonetheless, broad information could be 
extracted in this dataset to elucidate HCC etiology. Therefore, 
we utilized their dataset, GSE29721, to carry out a series of 
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bioinformatics analyses, such as differential expression analy-
sis, enrichment analysis and TF-target prediction. Importantly, 
the identified key TFs and genes were validated via real-time 
quantitative reverse transcriptase-polymerase chain reaction 
(qRT-PCR). The study aimed to identify crucial biomarkers of 
HCC prognosis and elucidate potential transcriptional regula-
tion mechanisms in HCC progression.

Materials and methods

Gene expression data of HCC. The GSE29721 [12] chip 
expression data were downloaded from the Gene Expression 
Omnibus (GEO, http://www.ncbi.nlm.nih.gov/geo/) database 
based on the GPL570 (HG-U133_Plus_2) Affymetrix Human 
Genome U133 Plus 2.0 Array platform. There were a total of 20 
samples in this dataset, consisting of 10 cancerous and 10 nor-
mal adjacent tissue samples from 10 HCC patients. Then the 
annotation files of these samples were downloaded.

Analysis of differential co-expression. The chip data 
were normalized by the Robust Multichip Average (RMA) 
method [13] implemented in Affy package of R. The t-test 
in Linear Models for Microarray Analysis (limma, http://
www.bioconductor.org/packages/release/bioc/html/limma.
html) package [14] of R software was used to calculate the 
differentially expressed genes (DEGs), with the thresholds of 
|log2fold change (FC)| > 1.0 and P value < 0.05. Differential 
co-expression analysis (DCEA) could detect the expression 
alterations in a gene pair under two different conditions, which 
contributes to the reveal of transcriptional mechanisms. The 
DCGL is a package in R includes 5 DCEA methods to select the 
differentially co-expressed genes (DCGs) and differentially co-
expressed links (DCLs) [15]. After DEG selection, the DCGs 
and DCLs were identified by DCe, DCp and DCsum of DCGL 
package in R based on expression data of these DEGs. During 
this selection, q < 0.25 was considered as the threshold.

Pathway enrichment analysis of DCGs. The Kyoto Ency-
clopedia of Genes and Genomes (KEGG, http://www.genome.
jp/kegg/pathway.html) pathway database is a relatively com-
mon and comprehensive database that contains a variety of 
biochemical pathways [16]. In the present study, the online 
tool Database for Annotation, Visualization and Integration 
Discovery (DAVID, http://david.abcc.Ncifcrf.gov/) was used 
to perform KEGG pathway enrichment analysis for DCGs 
[17].

Construction of HCC-related transcriptional regula-
tion network. TRANSFAC [18] is a database related to TFs 
and their genomic binding sites on DNA-binding profiles. 
It composes of SITE, GENE, FACTOR, CLASS, MATRIX, 
CELLS, METHOD and REFERENCE and so on. All relations 
between human TFs and target genes in TRANSFAC were 
downloaded and compiled, which included a total of 298 TFs 
and 6,458 relations.

The DCLs were mapped to the known relations between 
human TFs and its target genes, and the common relations 
were screened out. Then the TFs and DCGs in the common 

relations were identified. Furthermore, a network was con-
structed using Cytoscape [19] software.

Gene expression validation in vitro. The human HCC cell 
line HepG2 (n=2), and the normal HCC LO2 cell line (n=2) 
were used in the validation experiment. They were bought 
from cell bank of the Chinese Academy of Sciences, and were 
cultured in DMEM medium supplemented with10% fetal 
bovine serum (FBS) and 1% penicillin-streptomycin (pc) an-
tibiotics (Thermo, USA), at 37 ºC in a humidified atmosphere 
with 5% CO2.

Total RNAs were isolated from each sample based on 
RNAiso Plus kit following the manufacturer’s instructions 
(Takara, China). Gene expressions of interest were validated 
by qRT-PCR. In brief, following RNA purification, the cDNA 
synthesis was performed by the RNA reverse transcription 
kits (Takara, China). After the first cDNA was generated, 
the SYBR green qPCR was performed using ABI prism 
7900 (Applied Biosystems). The relative expression was 
analyzed by the 2-ΔΔCT method. Human GAPDH gene was 
used as internal reference. Primer sequences of genes were 
listed in Table 1. The experiment was technically repeated 
for three times.

Statistical analysis. Data were presented as “mean ± SEM”. 
Independent t test was used to determine significant differ-
ences, and P < 0.05 was set as the threshold. Statistical analysis 
was performed by the software of SPSS (22.0), and the graph 
software was the GraphPad Prism 5.

Results

Differential co-expression analysis. Under the criteria 
of |log2FC| > 1.0 and P value < 0.05, totally 1,755 DEGs were 
obtained. In addition, a group of 388 DCGs and 35,771 DCLs 
were identified by DCGL package with q < 0.25.

Table 1. Primer sequences of genes of interest.

Genes Primer sequence

LEF1
F:5’-AAATAAAGTGCCCGTGGTGC-3’
R:5’-TGAGGATGGGTAGGGTTGCC-3’

EGR1
F:5’-CTGACCGCAGAGTCTTTTCCTG-3’
R:5’-TGGGTGCCGCTGAGTAAATG-3’

FOS
F:5’-TGCCTAACCGCCACGATG-3’
R: 5’-TGCGGGTGAGTGGTAGTAAGAG-3’

ETS2
F:5’-GTGGACCTATTCAGCTGTGG-3’
R:5’-TTCCCCGACGTCTTGTGGAT-3’

FN1
F:5’-GAGCTGCACCTGTCTTGGGAAC-3’
R:5’-GGAGCAAATGGCACCGAGATA-3’

NCAM1
F:5’-AGATGAGGGCACTTATCGCT-3’
R:5’-GATGGTAGGTGGCACATTCA-3’

MT2A
F:5’-AAAGGGGCGTCGGACAAGT-3’
R:5’-TAGCAAACGGTCACGGTCAG-3’

GAPDH
F:5’-TGACAACTTTGGTATCGTGGAAGG-3’
R:5’-AGGCAGGGATGATGTTCTGGAGAG-3’
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Biological pathways closely related to HCC. The 388 
DCGs were performed pathway enrichment analysis by DAV-
ID, and the top 10 pathways ranked by the significance (P < 
0.05) were listed in Figure 1, such as the Cytokine-cytokine 
receptor interaction, ECM-receptor interaction, Adipocy-
tokine signaling pathway, Alanine, aspartate and glutamate 
metabolism, TGF-βsignaling pathway, Focal adhesion, PPAR 
signaling pathway, Complement and coagulation cascades, 
Nitrogen metabolism and Pathways in cancer.

Analysis of transcriptional regulation. The 35,771 DCLs 
were mapped to the known relations of human TFs and target 

genes. As a result, the TF-target was consisted of 25 TFs and 
388 DCGs (Supplementary Figure 1). Among the network, 
four TFs were highlighted with multiple targets, such as EGR1, 
LEF1, FOS and ETS2. Notably, three known human TF-target 
interactions of EGR1-FN1, FOS-MT2A and LEF1-NCAM1 
were predicted (Table 2).

Gene validations. As expected, gene expressions of four 
TFs were all consistent with predictions: LEF1 was signifi-
cantly decreased (P < 0.01, Figure 2A), EGR1, FOS and ETS2 
were significantly up-regulated (P < 0.001, P < 0.001 and P < 
0.01, respectively, Figure 2B-D). NCAM1, the predicted target 
of LEF1, was significantly down-regulated (P < 0.01, Figure 
2E); FN1, the predicted target of EGR1, was significantly 
up-regulated (P < 0.01, Figure 2F); and MT2A, the predicted 
target of FOS, was increased in HCC samples, however with-
out significant difference (Figure 2G).

Discussion

In this study, we used DCGL method to perform the dif-
ferential co-expression analysis of HCC microarray data. 
Finally a total of 388 DCGs and 35,771 DCLs were obtained. 
Pathway enrichment analysis of DCGs indicated that they 
were mainly enriched in cytokine-cytokine receptor interac-
tion, ECM-receptor interaction, TGF-β signaling pathway, 
PPAR signaling pathway, etc., which were in accordance with 
previous studies [20, 21].

Among these enriched pathways, TGF-β signaling pathway 
was the most predominant one. TGF-β1 is a tumor suppres-
sor with true haploinsufficiency [22]. Disruption of TGF-β1 
signaling is associated with the acceleration of hepato-car-
cinogenesis in c-Myc/TGF-α transgenic mice [23]. TGF-β1 

Figure 1. The significant pathways of differentially co-expressed genes 
(DCGs) (Top ten ranked by significant P values). Abscissa represents the 
number of genes enriched in a pathway, and the vertical axis represents 
the name of the pathway.

Figure 2. Relative gene expressions of four transcription factors and three targets using real-time qRT-PCR. A: LEF1; B: EGR1; C: FOS; D: ETS2; E: 
NCAM1; F: FN1; G: MT2A. * represents P-value < 0.01and ** represents P-value < 0.001.
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is over-expressed in a  number of HCCs and its expression 
correlates with HCC dedifferentiation [24]. Moreover, TGF-β1 
may be considered as a prognostic marker for HCC because 
the serum levels of TGF-β1 are closely associated with poor 
prognosis and could increase tumor angiogenesis [25]. The 
mechanisms of HCC induced by TGF-β are dependent on the 
effects of TGF-β on fibrogenesis. Continuous TGF-β secretion 
could support neo-angiogenesis, loss of E-cadherin-dependent 
adhesion, and β1-integrin activation that may favor the forma-
tion of tumor metastases [25, 26]. TGF-β signaling induces 
epithelial to mesenchymal transition (EMT), which promotes 
cell migration and invasiveness [27]. Notably, TGF-β signaling 
dysfunction occurs in STAT3/Oct4-positive HCC cells [28], 
suggesting this pathway is vital for HCC progression. Based 
on our enrichment result, it might be inferred that altered 
gene expressions might result in the disturbance of TGF-β 
signaling pathway, which might further promote the HCC 
development.

In addition, our study predicted 3 TF-Target interactions, 
including LEF1-NCAM1, EGR1-FN1, and FOS-MT2A (Sup-
plementary Figure 1).

Lymphoid enhancing factor 1 (LEF1) is a  TF mediating 
Wnt/b-catenin signaling by binding to its target gene neural 
call adhesion molecule 1 (NCAM1). Hepatocyte growth fac-
tor (HGF), a secretory protein that plays important roles in 
cancer growth and metastasis, is reported to induce expression 
of LEF1 in liver and breast cancer cell lines [29, 30]. Wnt/b-
catenin pathway is another important pathway for tumor 
growth and invasion. When Wnt signaling is activated by 
external stimuli, b-catenin is accumulated in cytoplasm and 
then translocated to nuclei, where the TFs of T-cell factor/LEF 
(TCF/LEF) family members bind to their targets [31]. LEF1 is 
over-expressed in multiple types of cancer such as liver cancer 
[32]. Overexpression of LEF1 enhances tumor invasion by 
inducing epithelial to EMT [33]. LEF1 has been reported to 
be transcriptional activated by b-catenin/TCF4 complex and it 
is thought to be an amplifier of Wnt/b-catenin signaling [34]. 
Interestingly, in gastric cancer, the transcriptional relation-
ship of LEF1-NCAM1 is predicted based on the GeneChip 
Human Exon 1.0 ST microarray data, and their expressions 
are validated by qRT-PCR (LEF1 increased, while NCAM1 
decreased) [35]. Although the LEF1-NCAM1 regulation in 
HCC has been recorded in the TRANSFAC database, there 
are few studies validated their expressions. Based on our 
qRT-PCR experiments, the LEF1 TF gene was significantly 

down-regulated as predicted, while its target NCAM1 was 
also remarkably down-regulated, suggesting they might have 
a positive regulation relationship.

Early growth response 1 (EGR1), a family member of zinc-
finger TFs, also can be activated by HGF [36]. EGR1 has been 
implicated in the regulation of a number of genes involved in 
inflammation, differentiation, growth, and development [37]. 
It seems that EGR1 is particularly important in the process 
of tumor angiogenesis. For instance, a study has shown that 
silencing of EGR1 expression with DNA zymes significantly 
inhibits breast cancer growth and angiogenesis in vivo [38]. 
Furthermore, EGR1 has been discovered essential for growth 
or differentiation [20]. The FN1 gene encodes a fibronectin 
related to cell adhesion and migration processes. Reportedly, 
gene expression of FN1 is reduced in HCC tumor samples [39]. 
It is found after HGF treatment, the TF of EGR1 is induced 
in primary hepatocytes, and additionally, it is identified as 
a  target gene of MET, which promotes tumor progression 
and metastasis of HCC [40]. Notably, FN1 is also predicted as 
a target of MET [40]. However, there are few studies reporting 
the targeting relationship between EGR1 and FN1. Based on 
our findings, FN1 was predicted as a target of EGR1, and both 
of them were significantly up-regulated in HepG2 cell line via 
qRT-PCR. This suggested that EGR1 might positively regulate 
gene expression of FN1.

The FOS proteins are basic region-leucine zipper (bZIP) 
TFs that bind to Jun or other bZIP proteins and create the 
activator protein 1 (AP-1) dimer complex to regulate gene 
expression [41]. Especially the c-Fos, a well-established on-
cogene, is considered to play a critical role in tumorigenesis, 
proliferation and metastasis in HCC development [27, 42, 43]. 
MT2A (Metallothionein 2A) is a member of metallothioneins 
(MTs) that belong to the cysteine-rich intracellular proteins. 
A microarray profiling shows MT genes are induced by the 
GSK343, an anti-HCC agent; and additionally, the induction is 
validated via western blot experiments [44], indicating MT2A 
might have an inhibitive effect on HCC progression. Unfortu-
nately, researches about FOS-MT2A transcriptional regulation 
in HCC are rare. In our study, this targeting regulation was 
predicted and both of them were validated to be up-regulated 
in the HCC cell lines, suggesting FOS-induced MT2A might 
prevent HCC development.

ETS2 (ETS Proto-Oncogene 2) is a TF that controls genes 
associated with apoptosis. Mixed-lineage leukemia (MLL) is 
a critical regulator affecting cell cycle-correlated event. It is 

Table 2. Crucial transcriptional regulation relations for DCLs

TF Target cor.1 cor.2 type cor.diff
LEF1 NCAM1 -0.7523 -0.02114 same signed 0.731155
EGR1 FN1 0.825129 0.109075 same signed 0.716054
FOS MT2A 0.709549 0.097272 same signed 0.612277

TF refers to transcription factor; Target refers to target gene; cor.1, cor2 represent the maximum absolute correlation coefficient of TF and target, respectively; 
type refers to the type of relationship: same signed, diff signed and switched opposites; cor.diff means absolute difference of cor.1 and cor.2.
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validated via ChIP assays that the MLL-ETS2 complex binding 
to MMP1 and MMP3 promoters, which is induced by the acti-
vation of HGF-MET pathway, could promote the cell invasion 
in HCC [45]. This indicates that ETS2 has an important role 
in HCC development. Based on our results, the up-regulated 
ETS2 was a crucial TF in HCC cell line.

Although gene expressions of these key TFs and targets 
were validated via qRT-PCR, the precise targeting interactions 
were not convinced. Further experiments with dual luciferase 
reporter system need to be conducted. In addition, the sample 
size was relatively small in either of the microarray dataset or 
the cell lines of validation experiment. Despite these limita-
tions, the study would shed light on a better understanding of 
transcriptional mechanism on HCC progression, and provide 
potential therapeutic biomarkers for the prognosis.

In conclusion, this study identified several key TFs and their 
targets that might be used as prognostic biomarkers of HCC. 
However, the detailed targeting relationships still need to be 
further investigated via dual luciferase reporter system.

Supplementary information is available in the online version 
of the paper.
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S1

Supplementary Figure 1. Transcriptional regulation network diagram.
The six diamonds represent TFs, rounds denote target genes, and yellow dots represent the differentially co-expressed genes (DCGs), while pink dots 
represent the non-DCGs, red edges represent the three relations contained in differentially co-expressed links, while the black edges represent the 
known transcriptional regulation relations.


