LETTER TO THE EDITOR

Cell Research (2010) 20:732-734.
©2010 IBCB, SIBS, CAS  All rights reserved 1001-0602/10 $ 32.00

e

www.nature.com/cr

HCCNet: an integrated network database of hepatocellular

carcinoma

Cell Research (2010) 20:732-734. doi:10.1038/cr.2010.67; pulished online 18 May 2010

Dear Editor,

As a complex disease, the development and progres-
sion of hepatocellular carcinoma (HCC) involves the
interactions of multiple proteins, genes and miRNAs in
various biological pathways, and it has been extensively
studied with different high-throughput techniques. How-
ever, efforts to integrate multiple data sources at differ-
ent levels, especially with regard to biological pathways
and interaction networks, are still negligible in the HCC
research field. We have built a database of the HCC net-
work (HCCNet) by integrating interactions of multiple
proteins, genes and miRNAs in biological pathways, and
manually collecting all of the HCC-related genes and
miRNAs from the literature in combination with a bioin-
formatic analysis of the collected HCC expression data
(Supplementary information, Data S1). Currently, there
are 37 811 experimentally confirmed protein-protein
interactions (PPIs), 9 148 experimentally confirmed tran-
scriptional regulatory interactions (TRIs), 114 miRNA-
target gene interactions, 2 234 high-confidence HCC-
related genes and 160 HCC-related miRNAs available
in the database. The database also provides an online
graphic analysis tool to view the interactions among
HCC-related proteins, genes and miRNAs. HCCNet is
a helpful platform to explore the molecular mechanisms
that underlie human HCC. The database can be accessed
at http://www.megabionet.org/hcc.

We collected data from experimentally confirmed PPIs
from the Human Protein Reference Database (HPRD)
[1]. PPIs that were accompanied by at least one litera-
ture citation (PubMed ID) and confirmed by at least one
experimental method were thought to be of high quality.
Examples of experimentally confirmed TRIs were col-
lected from either published transcriptional regulation
studies or the TRANSFAC 7.0 public database. TRIs that
were supported by at least one independent wet experi-
mental study were thought to be of high quality. These
high-quality PPIs and TRIs were selected for further
biological network construction in our HCCNet sys-
tem. Moreover, we used “miRNA” and “hepatocellular

carcinoma” as key words to search for literature in the
PubMed database, and added miRNAs that were reported
to be differentially expressed in human HCC, including
their target genes from these published papers to our sys-
tem. Even though some of the collected target genes for
miRNAs were merely predicted and not proven, we be-
lieved that the results were useful, as they were provided
by authors and subjected to the peer review process.

High-confidence HCC-related genes were obtained
through microarray analysis and literature mining. We
first used “hepatocellular carcinoma” as key words to
search the GEO database for published HCC microarray
data. We then selected those microarray data generated
from human HCC patients. After microarray analysis, we
selected those DEGs that were up- or down-regulated in
more than half of the samples in at least one independent
microarray study, and that were supported by at least two
independent human HCC microarray studies as high-
confidence HCC-related genes (Supplementary infor-
mation, Data S1). We used “gene” and “hepatocellular
carcinoma” as key words to search for published papers
from the PubMed database. We then selected the HCC-
related genes that were supported by at least two pub-
lished manuscripts and labeled these as high-confidence
HCC-related genes. With the criteria mentioned above,
2 234 high-confidence HCC-related genes were inputted
into the HCCNet.

miRNAs are not as well studied as genes are in the
field of HCC. To include as much data and information
related to miRNAs as possible, we did not select high-
confidence HCC-related miRNA as stringently as we did
for HCC-related genes. Instead, HCC-related miRNAs
that were supported by at least one literature source were
selected as high-confidence HCC-related miRNAs. A to-
tal of 160 miRNAs fit into this category and are regarded
as high-confidence HCC-related miRNAs.

Currently, there are two databases, OncoDB.HCC [2]
and EHCO [3], which have collected thousands of genes
that have been shown to be differentially expressed in
some microarray studies related to liver cancer. The
EHCO has also done some network analysis among the



hundreds of genes based on predicted PPI data [3]. How-
ever, efforts to integrate multiple data sources at differ-
ent levels, especially with regard to biological pathways
and interaction networks, are still exiguous in the field
of HCC. Both OncoDB.HCC and EHCO are a collection
of single HCC genes and do not address more complex
interactions.

As an attempt to integrate multiple data sources at
different levels, especially with regard to biological path-
ways and interaction networks, we built the HCCNet
database by integrating experimentally confirmed PPIs,
TRIs and miRNA-target gene interactions into a biologi-
cal network (Supplementary information, Data S1). Gene
expression patterns in HCC, KEGG pathways, Gene On-
tology and subcellular localization were used to annotate
nodes on the network. We also selected high-confidence
HCC-related genes and miRNAs, and mapped them to
the biological network (Supplementary information,
Data S1). We made a comparison of the HCC-related
genes in HCCNet with the genes in other HCC databases
(OncoDB.HCC and EHCO). The results show that about
half of the genes in our database are also collected in the
other two databases (Supplementary information, Figure
S1), indicating a greater number of HCC genes in the
HCCNet. OncoDB.HCC did not include miRNAs and
EHCO only offered a downloadable file that contained
about 70 miRNAs in HCC. Compared to these sources,
HCCNet offers a higher quantity and quality of HCC-
related miRNAs. Moreover, HCCNet is not a simple
collection of HCC-related genes and miRNA:s, as it orga-
nizes and displays HCC factors in an interactive way. An
online graphic tool was developed to display and analyze
the HCC-related biological network in HCCNet. As a
result, HCCNet is a platform to explore the molecular
mechanism that underlies the development and progres-
sion of HCC.

In the current release version, there are 37 811 PPIs,
9 148 TRIs, 114 miRNA-target gene interactions, 2 234
high confident HCC-related genes and 160 HCC-related
miRNAs available in the HCCNet database.

The development and progression of HCC cannot be
determined by a single factor or a simple collection of
factors, but rather by interactions of multiple proteins,
genes and miRNAs in various biological pathways. Pre-
vious studies on protein—protein interaction networks
in liver cancer have found many interactions among
proliferation and apoptosis-related proteins and dif-
ferential glycoproteins; thus, it is proposed that instead
of analyzing a single or a few proteins, a “molecule
groups” concept should be introduced into the diagnosis
and metastasis prediction of HCC [4]. Hence, instead
of analyzing a single or a small subset of proteins, the
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“molecule groups” concept has been introduced into
our HCCNet system. In this way, a HCC-related gene/
miRNA that interacts with others could be used as a
network entry point to draw a HCC-related biological
network and discover potential HCC-related functional
modules. HCCNet offers a variety of ways (Figure 1) for
users to gain network entry. The first and most important
way is to search for high-confidence HCC-related genes
in HCCNet by symbol, alias or full name of the gene of
interest. For users who do not have a particular gene in
mind, alternative approaches are offered in HCCNet:
one could select high-confidence HCC-related genes by
pathway and subcellular localization on the query page;
one could also select high-confidence HCC-related genes
by chromosome on the chromosome viewer page; we
have also provided a high-confidence HCC-related gene
list sorted alphabetically by gene symbol; and lastly, one
could search for HCC-related miRNAs by symbol or se-
lect one in the HCC-related miRNA list. The target genes
of a miRNA are provided in both the list and the search
result. If the high-confidence HCC-related gene/miRNA
is a network entry, one can find the hyperlink “show net-
work” on the page. This link leads the user to the display
center, in which they can view the displayed biological
network expanded from the network entry node with our
graphic tool.

All the annotations, such as expression patterns in
HCC, biological pathways, subcellular localizations,
functions and gene ontology annotations, can be found
in detailed information pages of the gene entry. Further-
more, if the queried gene is expressed in normal liver,
related hyperlinks can be used to view the detailed tran-
scriptomics and proteomics information about this gene
in the ATP-HL system.

HCCNet not only lists the high-confidence HCC-re-
lated genes that are mapped to the KEGG pathways, but
also maps these genes to the pathway in a graphic way
(Supplementary information, Figure S2). In this way,
it will be easier for users to study how these genes co-
operate or how this pathway is activated in HCC.

With HCCNet, when the user studies the molecular
network environments of a high-confidence HCC-related
gene or miRNA, and checks if any kind of functional
module exists when the gene or miRNA is activated in
HCC, one should gain network entry by searching or
selecting a gene or miRNA from the gene or miRNA list
first. Then one can view the biological network expanded
from the entry node with our graphic tool. Alternatively,
one can expand the network from a group of entries se-
lected by biological pathway and subcellular localization.
If the user wants to expand the biological network in this
way, they should select a pathway and a subcellular lo-
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Figure 1 Information flowchart of HCCNet.

calization on the query page, and then choose the button
“view network”. With our graphic tool (Supplementary
information, Figure S3), the network can be expanded
from the node of network entry or nodes of entries by
edges. With the optimization of algorithms, the compo-
nents of the displayed network can be expanded to 600
nodes or until no new node can be added by the edges.
In this way, users can analyze and visualize the HCC-
related genes and miRNAs in a global view. In addition,
users can filter nodes by pathway, subcellular localiza-
tion, function, degree or other options that are listed to
the right of the display. Furthermore, we also provide a
function that users can expand the network from the se-
lected limbic node. One can check the selection function
on the right menu.

In conclusion, HCCNet is a useful platform when
exploring the molecular mechanisms that underlie HCC
(Supplementary information, Data S1). In the current
release version of HCCNet, the interactions of miRNA-
target genes are not as reliable as PPIs and TRIs (Supple-
mentary information, Data S1). However, the selection
criterion will become stricter with the accumulation of
more related experimentally validated data. The collec-
tion of HCC-related genes and miRNAs will continue in
the future. To better improve the system, HCCNet will
keep pace with the novel discoveries and progress in the
liver cancer research field. One of our goals is to identify
those signal transduction pathways that have significant
changes and explore the relationships between those

pathways during the pathological processes. At the same
time, we will also catalog the downstream genes for each
altered signaling pathway in live cancer and ultimately
fulfill the goal of identifying new potentially relevant
liver cancer genes and new mechanisms.
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