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ABSTRACT

Angiogenesis is the process of generating new blood
vessels based on existing ones, which is involved
in many diseases including cancers, cardiovascular
diseases and diabetes mellitus. Recently, great ef-
forts have been made to explore the mechanisms
of angiogenesis in various diseases and many an-
giogenic factors have been discovered as therapeu-
tic targets in anti- or pro-angiogenic drug develop-
ment. However, the resulted information is sparsely
distributed and no systematical summarization has
been made. In order to integrate these related re-
sults and facilitate the researches for the community,
we conducted manual text-mining from published lit-
erature and built a database named as PubAngio-
Gen (http://www.megabionet.org/aspd/). Our online
application displays a comprehensive network for
exploring the connection between angiogenesis and
diseases at multilevels including protein–protein in-
teraction, drug-target, disease-gene and signaling
pathways among various cells and animal models
recorded through text-mining. To enlarge the scope
of the PubAngioGen application, our database also
links to other common resources including STRING,
DrugBank and OMIM databases, which will facili-
tate understanding the underlying molecular mecha-
nisms of angiogenesis and drug development in clin-
ical therapy.

INTRODUCTION

Angiogenesis, the process of generating new blood vessels
based on pre-existing ones (1), is a complex multistep dy-
namic process that comprises matured vessel changes, per-

icyte detachment, extracellular matrix (ECM) degradation
and remodeling, proliferation, migration and assembly of
endothelial cells (ECs) into tubule structures (2). The re-
cruitment and differentiation of circulating endothelial pro-
genitor cells (EPCs) also contributes to the vascularization
process (3,4).

Angiogenesis itself is controlled by a fine balance between
pro- and anti-angiogenic factors (5) involved in many sig-
nals such as vascular endothelial growth factor (VEGF), fi-
broblast growth factor (FGF), platelet-derived growth fac-
tor (PDGF) and endothelial nitric oxide synthase (eNOS)
pathway (6). If the balance is tipped, it leads to some patho-
logical situations, either in deficit conditions (e.g. cardio-
vascular diseases, diabetic tissue ischemia) or in excess ones
(e.g. cancer growth and metastases, atherosclerotic plaque
development and diabetic retinopathy). Therefore, angio-
genesis plays a key role in main diseases, including cancers
(7,8), cardiovascular diseases (9) and complications of dia-
betes mellitus (10).

The angiogenic switch is a critical progression point in
a range of etiology and pathogenesis; therefore, it was as-
sumed that angiogenesis inhibition or promotion of regu-
lating pathway and special target might play a fundamen-
tal role in related diseases therapy. Since the first work of
Folkman that highlighted the role of angiogenesis as a cru-
cial determinant for tumor development and progression
(11), the idea of anti-angiogenesis as a therapeutic strat-
egy has been accounted for several decades. In fact, several
anti-angiogenic therapies have recently been approved by
Food and Drug Administration (FDA) for cancers, includ-
ing the humanized antibody bevacizumab (Avastin), which
targets VEGF-A, the tyrosine kinase inhibitor sorafenib
(Nexavar), which targets Raf and VEGF and PDGF recep-
tors, and the tyrosine kinase inhibitor sunitinib (Sutent),
which targets VEGF and PDGF receptors (12,13). In ad-
dition, promoting blood vessel growth has been recognized
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Figure 1. The data sources and relation models.

as a potential therapeutic approach for the treatment of is-
chemic diseases. To date, therapeutic benefits have also been
achieved with anti-angiogenic therapy in the treatment of
life-threatening tumors.

Besides drugs such as small molecule inhibitors, re-
searchers have also focused on gene therapy using pro-
angiogenic factors and/or cell-based therapy using several
types of cells, including bone marrow cells and EPCs, to
achieve therapeutic angiogenesis. Therefore, the future of
research and drug development involved in anti- or pro- an-
giogenesis depends on the comprehensive understanding of
the mechanisms and relationships between objectives (e.g.
compounds or proteins), cells, diseases as well as signaling
pathways and targets. Fully integration of those published
results will surely facilitate the researches of angiogenesis
and diseases.

To this end, for the first time, we developed PubAngio-
Gen, a knowledge-based database, to record those results
related to angiogenesis. During data collection, we man-
ually extracted those published relevant results at multi-
levels including molecular, cellular, animal model and dis-
ease. We then comprehensively summarized the relation-
ships between angiogenesis and major diseases, which help
users to obtain the latest information of angiogenesis in-
volved in main diseases and signaling pathways. In addition,
we also collected those potential drug targets and related
compounds, which have been experimentally proven to be
effective on angiogenesis. Moreover, those candidates of an-
giogenic factors that are under clinical trials and the ther-
apeutic targets for anti-angiogenic or pro-angiogenic drug
development also have been collected (Table 1).

MATERIALS AND METHODS

PubAngioGen provides information on three different ar-
eas related to angiogenesis, proteins, drugs, diseases and the
links between them. The data integrated from related re-
sources and manual text-mining from published articles, as
well as the relation models were depicted in Figure 1.

The core components were collected mainly through text-
mining from published articles and protein–protein interac-

tion was extended based on STRING database (14). Infor-
mation for drugs and diseases was extended based on Drug-
Bank (15,16) and Online Mendelian Inheritance in Man
(OMIM) (17,18), respectively.

The main goal of our system is to build the connections
between angiogenesis and diseases through disease, proteins
as well as related drugs. Users can query our system easily
according to their interests to obtain the information about
angiogenesis, diseases, targets, drugs and the mechanisms of
drug interactions.

First of all, through manual text-mining, we collected re-
sults published in the past decades related to angiogenesis at
multilevels including molecular, cellular, animal model and
disease. We extracted the information of signaling pathways
involved in angiogenesis and summarized the relationships
between angiogenesis and major diseases. The information
on drugs that FDA approved to treat angiogenesis-related
diseases or candidates that are in clinical trials was also ex-
tracted. All the information recorded was curated by the ex-
perts from National Consortium of GPCR of China and
could be traced back to the original publications. Then, we
used the well-defined data sources to extend the interaction
between proteins or proteins and compounds.

DATABASE ACCESS AND NETWORK DISPLAY

Database query

Users can identify proteins, drugs or diseases when they
would like to know their roles in angiogenesis at PubAngio-
Gen through the quick search form (Figure 2A) or the query
page (Figure 2B). PubAngioGen allows several types of
query keywords consistent with other databases, including
UniProtKB/Swiss-Prot ID (19), Entrez Gene name (20,21),
Refseq provisional ID (NCBI) (22,23), symbols, disease
name or drug name.

Result page and network display

To virtually display the connection between proteins, drugs
or diseases and angiogenesis, we developed network-display
tools, which provide more detailed network information.
Our network display includes protein–protein, compound–
protein interaction and signaling pathways involved in an-
giogenesis, which help users to check the potential combi-
national effect. All returned pages inform the user of related
protein annotations by texts, graphs and tables (Figure 3).
For example, if the user is interested in the epidermal growth
factor receptor (EGFR) protein, the ‘Related Information
For EGFR’ shows a summary network of the compounds,
peptides, proteins, complexes and diseases nodes with dif-
ferent colors that connected with EGFR (Figure 3A) and
users can select a node to see its directed partners (Figure
3B). The first table (Figure 3C) lists the basic information
of EGFR and the second table (Figure 3D) presents the
detailed related information of EGFR such as interaction
type, reaction type and so on. The underlined red parts are
hyperlinks that include literature references from PubMed
and experimental detection methods extracted from text-
mining. Moreover, to explore the distinctive mechanisms of
each angiogenesis-related gene, the gene expression levels
in different statuses were recorded in our databases based
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Table 1. Data statistics for PubAngioGen

Data field Data source Amount of data

Compounds/drugs Text-mining, DrugBank 6693
Gene/protein targets Text-mining 963
Signal pathways Text-mining, CST pathways 179
Diseases Text-mining, OMIM 2364

Figure 2. PubAngioGen homepage and query interface. (A) Quick search form on homepage. (B) Detail search form on query page.

on the experiments from Gene Expression Omnibus (GEO)
(24); more experiments are under evaluation and the results
will be processed and stored in PubAngioGen soon.

Signaling pathway

During the process of angiogenesis-related diseases, the sig-
naling pathway stimulation or repression acts in the differ-
ent ways. To incorporate those diversities of signaling path-
ways, our database displays the latest singling pathways in-

volved in angiogenesis from our collected data and other
relevant databases (e.g. Cell Signaling Technology Path-
way Database, http://www.cellsignal.com/). Users can sub-
mit those interested proteins, diseases or other components
to view their roles in the process of diseases of angiogenesis.
For example, when users enter the ‘pathway’ in home page
of our website and click ‘EGFR-dependent Endothelin sig-
naling events’, the returned page displays the network and
components involved in this pathway.

http://www.cellsignal.com/
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Figure 3. Query result for EGFR. (A) Network viewer to show the proteins, drugs and diseases related to EGFR and the interactions among all of them.
(B) When the node in the network is selected, all the directed partners are highlighted to facilitate users to investigate the function of specific node; double
click will return to the original network. (C) The annotation table for queried entry. (D) The interaction table for all related information.

DISCUSSION

In order to better elucidate the pathological angiogenesis
in these diseases, such as cancers, cardiovascular diseases
and diabetes mellitus, we extracted abundant angiogenesis-
related results published in past decades and comprehen-
sively summarized their relationships at multilevels includ-
ing molecular, cellular, animal model and disease in our
database. On one hand, we provided the latest informa-
tion of angiogenesis involved in main diseases and signaling
pathways like HIF-1 (symbol: SETD2) network, VEGFR1
(symbol: FLT1), VEGFR2 (symbol: KDR), VEGFR3
(symbol: FLT4) specific signals, transforming growth fac-
tor beta (TGF�) (symbol: TGFB1) receptor signaling path-
way and S1P1 (symbol: S1PR1) pathway (25–27). On the
other hand, we provided the first integrated resources for

exploring the potential drug targets, clinical compounds
that are effective on angiogenesis as well as related research
progresses for drug development. Therefore, PubAngioGen
database would be a promising angiogenic online searcher
to some extent.

Meanwhile, the PubAngioGen is supported by National
Consortium of GPCR of China; many experts in the field
are involved in curating angiogenesis-related articles. While
the amount of data entries is increasing daily, many explor-
ing experiments are performed in our collaborators’ labs
including high-throughput experiments like RNA-Seq (28)
and LC MS/MS (29) to validate or extend our findings in
PubAngioGen. Along with the accumulation of data, in the
future, we will further extend and redefine angiogenesis-
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related pathways to help other researchers to better under-
stand the mechanism of it.

In conclusion, PubAngioGen database systemically pro-
poses the relationships between angiogenesis and diseases.
Our data retrieve and display system makes researchers ac-
cess the latest information efficiently. All of these will pro-
mote PubAngioGen to be referred by modern medicine re-
searchers for novel discovery in clinical medicine and re-
search work in the near future.
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