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Abstract. – OBJECTIVES: The purpose of
this study was to identify featured miRNAs of
hepatocellular carcinoma (HCC) by comparing
normal and cancer cell line samples and find po-
tential utility as biomarkers for early diagnosis
and treatment of HCC.

MATERIALS AND METHODS:We downloaded
the gene expression profile GSE41077 from
Gene Expression Omnibus database which in-
cluded 6 HCC cell lines samples and 2 controls.
Differentially expressed miRNAs were identified
by multtest package in R language after the data
normalization. The selected differentially ex-
pressed miRNAs were further analyzed using
bioinformatics methods. Target genes of these
miRNAs were predicted using miRTarBase and
miRecords databases. STRING software was
used to construct the interaction network of tar-
get genes. Finally, we made module analysis by
using Cytoscape software and its plugins –
MCODE and BiNGO.

RESULTS: A total of 40 differentially ex-
pressed miRNAs were identified and the re-
markably down-regulated miRNA was hsa-miR-
122 which included 29 high confident target
genes. The interaction network of target genes
was constructed among 629 interaction pairs.
Four functional modules in the network were
obtained, from which EGLN3, ALDOA, NCAM1
and AACS were the high confident target
genes, respectively. Genes in the modules most
related to biological functions of signal trans-
mission, regulation of macromolecule metabol-
ic process.

CONCLUSIONS: Low level of expression of
hsa-miR-122 in HCC cell line is consistent with
the existed previous studies. It is not only con-
firm the importance role of such miRNA in HCC
cells, but also provide important help in identify-
ing specific biomarker of HCC cells.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth
most common cancer and the third cause of can-
cer-related mortality worldwide1. More than
600,000 people die from HCC each year2. HCC
normally develops as a consequence of underly-
ing liver disease and is often associated with cir-
rhosis3. It is difficult to diagnose HCC in its early
stages. Besides, prognosis remains poor because
of tumor recurrence or tumor progression, and
currently there are no well-established effective
adjuvant therapies. Therefore, there is an urgent
need to understand the molecular carcinogenic
mechanism of HCC.
MicroRNAs (miRNAs), a class of short non-

coding RNAs that regulate posttranscriptional
gene expression of their target genes, constitute
one of the largest classes of gene regulators in
animal genome4. To date, more than 17,000 dis-
tinct mature miRNA sequences have been identi-
fied from over 140 species5. They are associated
with the control of a broad range of biological
processes, including development, differentia-
tion, metabolism, cell cycle and aging6-8. Some
of these were shown to be functionally involved
in carcinogenesis and tumor progression, sug-
gesting that miRNAs can serve as novel molecu-
lar targets for cancer therapy.
A number of recent studies have proved the in-

volvement of miRNAs in HCC in tumor progres-
sion and metastasis9-12. However, there is still a
need to identify new miRNAs as diagnostic bio-
markers for HCC. In our study, we investigated the
miRNA expression profiles between normal and
cancer samples by microarray analysis. In order to
further explore the molecular mechanism, we test-
ed the transcriptional control model of miRNA
emergence in HCC, predicted target genes of dif-
ferentially expressed miRNAs and their mutually
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interacted genes, built international network and
identified the functional modules from the net-
work. Our results may provide theoretical founda-
tion for early diagnosis and treatment of HCC.

Materials and Methods

Microarray Data
The genechip data of GSE4100713 was ob-

tained from National Center of Biotechnology
Information Gene Expression Omnibus (GEO)
database, which was based on Agilent-021827
Human miRNA Microarray V3 platform (miR-
Base release 12.0 miRNA ID version). Total 8
genechips from 2 normal samples and 6 samples
of HCC cell lines, were available for analysis.
The annotation information of all probe sets
which was provided by Affymetrix Company
was downloaded with the raw data file.

Data Preprocessing and Differential
miRNAs Analysis
Firstly, robust multiarray average (RMA) algo-

rithm of R language was employed to convert
probe-level data in CEL files into expression mea-
sures14 . The expression profile data were normal-
ized by taking the average expression values. Then
LIMMA package in R language15 was used to
identify differentially expressed miRNAs between
the normal and cancer samples. The method of
Benjamini-Hochberg (BH) in Multtest package
was used to conduct multi-test and adjust the raw
p-values into false discovery rate (FDR). The FDR
less than 0.05 and |logFC| more than 1 were used
as the cut-off criteria and the most significantly
differentially expressed miRNAs were identified.

Hierarchical Clustering of Differentially
Expressed miRNAs
The gene expression level of the same tissue

was significantly different in various disease
states because of the specificity of gene expres-
sion in the same species under different condi-
tions. To intuitively observe difference of gene
expression between normal and HCC cell lines,
the expression values in each group were hierar-
chical clustered by Cluster16.

Identifying Target Genes of the
Differentially Expressed miRNA
MiRecords, an integrated resource for microR-

NA-target interactions, includes 1135 records of
validated miRNA-target interactions between

301 miRNAs and 902 target genes in seven ani-
mal species17. MiRTarBase, a database curates
experimentally validated microRNA-target inter-
actions, curates 3576 experimentally verified
miRNA-target interactions between 657 miRNAs
and 2297 target genes among 17 species18.
To obtain more reliable target genes, the two

databases were combined with each other to re-
trieve the target genes of differentially expressed
miRNAs with the default parameters and the
ones both in these two databases were extracted.

Construction of miRNA-target Genes
Interactions Network
The online database resource Search Tool for

the Retrieval of Interacting Genes (STRING),
which provided uniquely comprehensive cover-
age and ease of access to both experimental and
predicted interaction information19, was used to
search functional interaction of differentially ex-
pressed genes and construct interaction networks
by calculating their confidence score.

Functional Modules of Interaction
Networks Analysis
Cytoscape platform was employed to process

biological network visualization and data inte-
gration20. MCODE (Molecular Complex Detec-
tion)21 plugin and BiNGO (Biological Networks
Gene Ontology tool)22 plugin based on hypergeo-
metric distribution were introduced for the Cy-
toscape platform to enable searches for dense
clique-like structures within a network23 and di-
vided and annotated functional modules of the
whole network. Degree cutoff and K-core (a sub-
graph in which all nodes have a degree at least k)
of every module set to more than or equal to 2,
and the p-value of hypergeometric distribution
was less than 0.05.

Results

Screening for Differentially
Expressed miRNAs
Total 40 significantly differentially expressed

miRNAs between HCC and corresponding nor-
mal specimens were identified with FDR < 0.05
and |logFC| > 1.

Comparison of Differentially Expressed
miRNAs Between Normal and HCC Samples
Figure 1A showed the expression difference of

all miRNAs (left) and the differentially ex-
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Figure 1. Clustering heat map of miRNA and sketch map of logFC. (A) The dendrogram of all miRNAs (left) and screening
differentially expressed miRNAs (right). The yellow color represents up-regulation while the blue color indicates down-regula-
tion. (B) The sketch map of logFC of differentially expressed miRNAs. The lower left and top right are down-regulated and
up-regulated miRNAs, respectively.

pressed miRNAs (right) between normal and
cancer samples. In addition, up-regulated hsa-
miR-1308 and down-regulated hsa-miR-122
were the top two differentially expressed miR-
NAs with the highest |logFC| (Figure 1B).

Identification of miRNA-Target Genes
Combined with miRecords and miRTarBase

databases, we searched reliable target genes of hsa-
miR-1308 and hsa-miR-122. Target genes of hsa-
miR-122, which were existed in both two databas-
es, included 29 target genes with a high degree of
confidence. However, no target genes of has-miR-
1308 were available in these two databases.

Construction of Interaction Network
We mapped the target genes of hsa-miR-122

to STRING database, screened significant inter-
actions and construct target genes interaction net-
work. Figure 2 showed the interaction network of

629 pairs of mutual interactions. Among 29 tar-
get genes, ADAM17 (a disintegrin and metallo-
proteinase-17), NCAM1 (neural cell adhesion
molecule 1) with high degree formed local net-
works, suggesting their important roles in devel-
opment of HCC.

Modules Divided and Gene Ontology
Enrichment Analysis
Based on the degree cutoff and K-core of

every module set to more than or equal to 2 and
p-value less than 0.05, four functional modules
were obtained (Figure 3). As shown in Figure 3,
EGLN3 in module A, ALDOA in module B,
NCAM1 and ANK2 in module C, and AACS in
module D were high confident target genes, re-
spectively. Gene Ontology enriched functional
annotation of genes in each module was shown
in Table I, including signal transmission, regula-
tion of macromolecule metabolic process.
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Figure 2. The interaction networks of high credible target genes. The red nodes are the high credible target genes, while the
other nodes are the predictive interactive objects.

Figure 3. The functional modules of miRNA-target genes. The red nodes are the high credible target genes. Others are the
predictive interactive objects.
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Discussion

HCC is the most common primary liver cancer
that accounts for 80% of all liver cancer cases.
The annual number of new cases of HCC world-
wide is over one million24. Recent advances have
demonstrated that dysregulation of miRNA ex-
pression in tumor tissues of the liver and identi-
fied miRNA signatures that associated with tu-
mor differentiation, diagnosis, staging, progres-
sion and response to therapy10,11,25. Therefore,

comprehensive analysis of miRNAs expression
using microarray technology will help us to bet-
ter understand the relationship between aberrant
miRNAs expression and cancers and find new
biomarkers for cancers.
In our study, we identified 40 significantly

differentially expressed miRNAs between nor-
mal and HCC cell lines. Hierarchical clustering
analysis showed up-regulated hsa-miR-1308 and
down-regulated hsa-miR-122 were the top two
differentially expressed miRNAs. Furthermore,

GO-ID corr p-value x Description

a) Module 1
60255 0.000095486 15 Regulation of macromolecule metabolic process
80090 0.0001601 15 Regulation of primary metabolic process
8152 0.018675 15 Metabolic process
48522 6.6669E-08 16 Positive regulation of cellular process
50896 0.000043178 16 Response to stimulus
31323 0.000052342 16 Regulation of cellular metabolic process
48518 5.6325E-08 17 Positive regulation of biological process
19222 0.000017416 17 Regulation of metabolic process
50794 0.00002298 20 Regulation of cellular process
50789 0.000049836 20 Regulation of biological process
65007 0.000115 20 Biological regulation
9987 0.0078364 20 Cellular process

b) Module 2
6000 2.80E-14 6 Fructose metabolic process
44419 2.88E-06 6 Interspecies interaction between organisms
51704 3.92E-04 6 Multi-organism process
2376 1.07E-03 6 Immune system process
9056 1.46E-03 6 Catabolic process
6006 4.54E-10 7 Glucose metabolic process
19318 2.39E-09 7 Hexose metabolic process
5996 7.02E-09 7 Monosaccharide metabolic process
44262 3.38E-07 7 Cellular carbohydrate metabolic process
6066 8.16E-07 7 Alcohol metabolic process
5975 2.85E-06 7 Carbohydrate metabolic process
44281 1.30E-03 7 Small molecule metabolic process
42221 1.94E-03 7 Response to chemical stimulus
44237 2.97E-03 13 Cellular metabolic process

c) Module 3
32535 0.0069906 3 Regulation of cellular component size
90066 0.0069906 3 Regulation of anatomical structure size
51128 0.020725 3 Regulation of cellular component organization
7155 0.02986 3 Cell adhesion
22610 0.02986 3 Biological adhesion
65008 0.033617 4 Regulation of biological quality
23052 0.017097 6 Signaling

d) Module 4
44255 0.001654 3 Cellular lipid metabolic process
6629 0.0037065 3 Lipid metabolic process
44281 0.00076611 4 Small molecule metabolic process

Table I. The GO enrichment analysis of target genes in modules.



we screened for miRNA target genes and found
that 29 high-credible target genes of hsa-miR-
122 were identified both in miRecords and miR-
TarBase databases.
MiRNA-122 was one of the first examples of

a tissue-specific miRNA. The sequence of ma-
ture miR-122 is completely conserved between
all species in which it has been detected, and no
paralogs have been identified, suggesting that the
entire sequence is important for function26. It is
highly expressed in liver but absent from other
tissues. MiRNA-122, modulates hepatic lipid
metabolism27, is often down-regulated in human
HCC28,29. Loss of its expression correlates with
loss of mitochondrial metabolic function and is
detrimental to sustain critical liver function,
thereby contributing to the morbidity and mortal-
ity of liver cancer patients30. Researchers have
proved that both miRNA-122 and NDRG3 (N-
myc down-regulated gene) are viable therapeutic
targets for HBV-related HCC. For HCV infec-
tion, miRNA-122 binds directly to two sites in
the 5’ non-coding region of HCV genome and
positively regulates the viral life cycle31.
STRING software was utilized to predict the

interacted objects of miRNA-122 target genes
and construct interaction network. From the net-
work, we could find that ADAM17 (a disintegrin
and metalloproteinase-17) and NCAM1 (neural
cell adhesion molecule 1) were the reliable target
genes and in the hub of the network. ADAM17 is
a member of the metalloproteinase super-family
and involved in the cleavage of ectodomain of
many transmembrane proteins. It is also overex-
pressed in a variety of human tumors, which is
associated with tumor development and progres-
sion. The central role of ADAM-17 in cell regu-
lation is rooted in its diverse array of substrates:
cytokines, growth factors, and their receptors as
well as adhesion molecules are activated or inac-
tivated by their cleavage with ADAM-1732.
ADAM17 is a critical downstream target of miR-
122. Researchers have proved that miR-122, a
tumor suppressor microRNA affecting HCC in-
trahepatic metastasis by angiogenesis suppres-
sion, exerts some of its action via regulation of
ADAM1733. Recent study has demonstrated that
ADAM17 mediates hypoxia-induced drug resis-
tance in HCC cells through activation of EGFR
pathway and indicates that ADAM17 is a poten-
tial therapeutic target for HCC treatment34.
NCAM1, a known hepatic stem/progenitor cell
marker, was experimentally demonstrated to be a
direct target of miR-200c35. Soluble NCAM sta-

tus was a significant independent factor predic-
tive of long-term survival in patients with HCC,
and high levels of soluble NCAM were signifi-
cantly related to intrahepatic metastasis36.
Based on Cytoscape software, we obtained 4

functional modules of target genes. EGLN3, AL-
DOA (aldolase A), NCAM1, ANK2 (ankyrin-B
gene) and AACS (acetoacetyl-CoA synthetase)
were five genes with high degree of confidence
in these modules, respectively. EGLN3 has been
described as the main actor in the response to
chronic hypoxia and the regulation of Hif1�37.
Researchers have demonstrated that KIF1B�, as-
sociated with HCC, can induce apoptosis by act-
ing downstream of EGLN3 prolyhydroxylase,
which may lead to inhibition of malignant trans-
formation and progression38,39. Some studies
have shown high levels of ALDOA expression in
some neoplasias, such as lung adenocarcinomas
and HCC40. ANK2 is mainly expressed in brain,
striated muscle, kidney, thymus, and peripheral
blood cells41,42. Researchers have demonstrated
that ANK2 mutation can cause type 4 long-QT
cardiac arrhythmia and sudden cardiac death43.
AACS, an essential enzyme for the synthesis of
fatty acid and cholesterol from ketone bodies,
was possibly in response to the rise in the levels
of acetyl-CoA44.
Gene ontology analysis for these genes includ-

ed macromolecule metabolic process, cellular
component size, cellular lipid metabolic process
and so on. EGFR (epidermal growth factor re-
ceptor) and ICAM (intercellular adhesion mole-
cule) were two of the most active genes in test
set. The EGFR signaling system is commonly ac-
tivated in HCC, and is currently being evaluated
as a therapeutic target in combination therapies45.
Researchers have identified a central role for the
EGFR ligand amphiregulin (AR) in the prolifera-
tion, survival and drug resistance of HCC cells46.
Furthermore, EGFR is associated with sex bias
occurrence of HCC in Poly7 molecular
subclass47. ICAM-1 is considered closely related
to occurrence, development, metastasis and inva-
sion processes of HCC48.
Recent studies have shown that miRNAs con-

trol different aspects of energy metabolism, in-
cluding insulin production and signaling, glucose
transport and metabolism, cholesterol and lipid
homeostasis, cellular lipid metabolic process and
amino acid biogenesis49,50. MiRNAs regulate cell
metabolic processes either directly by targeting
key molecules of metabolic pathways (trans-
porters, enzymes, and kinases) or indirectly by
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modulating the expression of important tran-
scription factors51. Lipid metabolism is known to
be an important process involved in hepatic
steatosis52. Study has proved that the pathway
category lipid metabolism was the most affected
metabolic process in HCC53.
The miRNAs therapy for HCC is becoming a

popular subject in the cancer research. More-
over, there are many studies that report the asso-
ciation between miRNAs expression and HCC.

Conclusions

In this article, we identified the differentially
expressed hsa-miR-122 by comparing HCC
samples with controls. Based on subsequent
analysis, we predict miR-122 play an important
role in the development of HCC. MiR-122 as a
single biomarker could be useful in the diagno-
sis of HCC. However, further experiments are
needed to verify our results.
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