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Androgen signaling plays an important role in many biological processes. Androgen Responsive
Gene Database (ARGDB) is devoted to providing integrated knowledge on androgen-controlled
genes. Gene records were collected on the basis of PubMed literature collections. More than 6000
abstracts and 950 original publications were manually screened, leading to 1785 human genes,
993 mouse genes, and 583 rat genes finally included in the database. All the collected genes were
experimentally proved to be regulated by androgen at the expression level or to contain andro-
gen-responsive regions. For each gene important details of the androgen regulation experiments
were collected from references, such as expression change, androgen-responsive sequence, re-
sponse time, tissue/cell type, experimental method, ligand identity, and androgen amount, which
will facilitate further evaluation by researchers. Furthermore, the database was integrated with
multiple annotation resources, including National Center for Biotechnology Information, Gene
Ontology, and Kyoto Encyclopedia of Genes and Genomes pathway, to reveal the biological
characteristics and significance of androgen-regulated genes. The ARGDB web site is mainly
composed of the Browse, Search, Element Scan, and Submission modules. It is user friendly and
freely accessible at http://argdb.fudan.edu.cn. Preliminary analysis of the collected data was per-
formed. Many disease pathways, such as prostate carcinogenesis, were found to be enriched in
androgen-regulated genes. The discovered androgen-response motifs were similar to those in
previous reports. The analysis results are displayed in the web site. In conclusion, ARGDB
provides a unified gateway to storage, retrieval, and update of information on androgen-
regulated genes. (Molecular Endocrinology 23: 1927–1933, 2009)

Androgen signaling is critical to the development
and maintenance of male sexual characteristics,

such as muscle mass, strength, bone mineral density,
prostate growth, spermatogenesis, hair pattern, and
neuron remodeling (1, 2). It also plays a pivotal role in
the female physiology and reproduction (1, 3). Andro-
gen signaling has been linked with many diseases, in-
cluding prostate cancer, breast cancer, diabetes, meta-
bolic syndrome, and Alzheimer’s disease (1, 4 –7).
Thus, fully understanding androgen action is of funda-
mental significance.

The androgen receptor (AR) is the key mediator of
androgen signaling. Upon androgen binding, AR translo-
cates from the cytoplasm to the nucleus. It can directly
associate with the androgen-responsive sequences in the
transcription-regulatory regions of various target genes
and then regulate gene expression (4, 8). The androgen-
responsive sequence was thought to be characterized by
the six-nucleotide half-site consensus sequence 5�-TGT-
TCT-3� spaced by three random nucleotides. However,
use of this motif model did not effectively predict AR-
binding regions or androgen target genes (9–11). Ligan-
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ded AR also interacts with other transcriptional regula-
tors in the nucleus to stimulate or repress transcription,
during the process of which AR is indirectly associated
with the regulatory sequences (12, 13). In addition, an-
drogen can induce rapid activation of the Src/Raf-1/ERK
pathway through AR in the cytoplasm, independently of
receptor-DNA interactions (4). Gene expression profiles
responding to the androgen stimulation depend on the
cell context, including cell type, androgen amount, and
exposure time, etc. (14–16). In conclusion, the androgen-
signaling pathway is complex.

PubMed is one of the central literature repositories,
covering more than 17 million publications (http://www.
ncbi.nlm.nih.gov/sites/entrez?db�PubMed). So far, there
are more than 90,000 papers on androgen in PubMed.
Facing such a large amount of information, to the best of
our knowledge, there is no database focused on the an-
drogen-regulated genes. AndrogenDB, the only database
directed toward androgen, focuses on the AR mutations
(17), and existing gene regulation databases such as the
famous TRANSFAC still lack information on androgen-
responsive genes (18).

To complement the existing databases and facilitate
androgen research, we constructed the Androgen-Re-
sponsive Gene Database (ARGDB). We manually col-
lected the experimentally proved androgen-regulated
genes (ARGs) and related evidence from the original re-
search articles. The database was integrated with three
well-established annotation systems: National Center for
Biotechnology Information (NCBI), Gene Ontology
(GO) (19), and Kyoto Encyclopedia of Genes and Ge-
nomes (KEGG) pathway (20).

Results

Database overview
More than 6000 PubMed records were retrieved in

total. After manual selection, 950 records were found
about androgen regulation of ARG expression or ARG’s
androgen-responsive regions. Original publications of
those records were investigated, leading to 1785 human
genes, 993 mouse genes, and 583 rat genes that were
finally included in ARGDB.

ARGDB records are indexed by gene identity (ID). The
IDs of 1745 human ARGs, 993 mouse ARGs, and 583 rat
ARGs in ARGDB are equal to their Entrez Gene ID. The
Gene ID of the remaining ARGs, all of which were non-
coding RNA genes, could not be determined. Their IDs in
ARGDB are equal to their GenBank accession numbers or
their miRBase IDs. Each individual gene record is orga-
nized into three parts:

1. Biological annotations, which generally include
organism, symbol, name, cytoband, a schematic
representation of chromosomal location, sum-
mary, GO function, GO process, GO component,
and KEGG pathway. Live links to the relevant da-
tabases are provided, including NCBI, NURSA,
ONCOMINE, BOND, and BioGPS.

2. Experimental details of androgen regulation at the
RNA or protein level, which generally include reg-
ulation direction, response time, experimental
method, tissue/cell type, ligand identity, and andro-
gen amount. The response time is the length of time
it takes to detect a significant change in an ARG’s
RNA or protein level after androgen stimulation. A
colorimetric scale was provided for researchers to
quickly see how many publication records report an
up-regulation vs. a down-regulation of a given gene.

3. Information of the assayed androgen-responsive se-
quence, which generally includes original sequence,
location in the ARG genomic region, distance from
the ARG transcription start site, and an experiment
summary. If a mutagenesis assay was performed, the
mutated sequence and the result are also displayed.

Parts 2 and 3 both contain experimental evidence to
support androgen regulation of ARGs, which was manu-
ally extracted from references. Most ARGs only have Part
2 evidence. Parts of ARGs have both parts of evidence. A
small number of ARGs only have Part 3 evidence.

The ARGDB web site is mainly composed of four mod-
ules: Browse, Search, Element Scan, and Submission (Ta-
ble 1). The Browse module is the largest and consists of
seven submodules: A–Z List, Chromosome Map, GO
Function, GO Process, GO Component, KEGG pathway,
and Noncoding RNA Gene. Its goal is to display ARGs by
classification. Functions of each submodule are summa-
rized in Table 1. As an example, consider the KEGG Path-
way submodule (Fig. 1). It incorporates both species-spe-
cific and reference KEGG pathways (KEGG link listed in
Table 2) (Fig. 1A); the latter pathway is applicable to all
organisms. This submodule not only displays ARGs by
pathway but also highlights them in the pathway maps by
the pathway-coloring tool of KEGG (Fig. 1B). In each
individual reference pathway ARGs are displayed by or-
thology, allowing users to investigate androgen regula-
tion of the ortholog groups (Fig. 1B).

In the Search module, researchers can search ARGDB
for target genes by gene identifiers, biological informa-
tion, or experimental details (Table 1).

The Element Scan module is designed to search the
genomic regions of the collected ARGs for the androgen-
response elements (Table 1). Users can get the following
information on the input sequence after scanning: loca-
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tion in the genomic structure of the longest transcrip-
tional variants of the nearby ARGs (upstream, exon, in-
tron, or downstream), strands relative to the ARGs, and
distance from the ARG transcription start site.

The Submission module offers a user-friendly interface
for researchers to report their findings on ARGs (Table 1).
After careful examination, the submitted data will be put
into the database.

GO function, GO process, and KEGG pathway
enrichment in ARGs

In all, 79 GO functions, 519 GO processes, and 28
KEGG pathways were enriched in human, mouse, and rat
(listed on the Statistics webpage). Many of them were
overrepresented in all three species, such as the prostate
cancer pathway. It is notable that many disease pathways
were enriched in ARGs, such as prostate cancer, lung
cancer, melanoma, bladder cancer, glioma, myeloid leu-
kemia, colorectal cancer, and thyroid cancer.

Motifs of androgen-responsive sequences
Both human and mouse motifs are 15 bp and are char-

acterized by a three-nucleotide spaced partial palin-
dromic or direct repeat of 5�-TGTTCT-3� (Fig. 2, A and
B). The rat motif is similar, except for the lack of the

leftmost nucleotide (Fig. 2C). Across three species, the
right six nucleotides, 5�-TGTTCT-3�, are more conserved
than the left.

Discussion

Gene records in ARGDB were all manually selected, eval-
uated, and completed, although there are many automatic
text-mining tools available (21). Overdependence on the
automatic methods can cause loss and misrepresentation
of information, because a significant amount of informa-
tion in the biomedical literature was encoded in the form
of natural language that is not unified or structured. For
example, representations of androgen-responsive se-
quences are generally spread over an article, thus causing
difficulty when one attempts to extract useful informa-
tion from the article automatically.

ARGDB attempts to set appropriate standards for
ARG selection. For example, genes only affected by cas-
tration or antiandrogen were excluded. Castration affects
not only androgen but also other testicular factors, and
the function of antiandrogen is not limited to androgen
antagonist (22). Genes with protein expression regulated
by androgen were collected in the database because pro-

TABLE 1. Functions of ARGDB modules

Module Function
A–Z List Provide a straightforward list of ARGs, organized alphabetically by their official symbols
Chromosome Map Schematically represent the chromosomal location of ARGs in human, mouse, and rat, respectively
GO Function Provide a graphic tree view of the molecular function ontology and give an overview of the ARG

distribution on the tree
Provide live links to the GO web site
Display ARGs by molecular function

GO Process Provide a graphic tree view of the biological process ontology and give an overview of the ARG
distribution on the tree

Provide live links to the GO web site
Display ARGs by biological process

GO Component Provide a graphic tree view of the cellular component ontology and give an overview of the ARG
distribution on the tree

Provide live links to the GO web site
Display ARGs by cellular component

KEGG Pathway Give an overview of the ARG distribution in the human, mouse, rat, and reference pathways
Display ARGs by pathway and highlight them in the pathway maps
List androgen-regulated ortholog groups

Noncoding RNA
Gene

List the noncoding RNA genes including miRNA, miscRNA, rRNA, scRNA, snoRNA, snRNA, and
tRNA

Search Include the following search fields: gene ID, gene symbol, gene alias, taxonomy, chromosome,
GO, KEGG pathway, assayed tissue/cell type, identity of androgen, experiment type (in vivo/
in vitro), regulation level (RNA/protein), response time, and evidence for AR target

Support a batch search of gene IDs or symbols
Element Scan Search the genomic regions of the collected ARGs (from 5 kb upstream to 5 kb downstream) for

the input sequences
Support regular expressions

Submission Provide an interface for submitting the work on ARGs
Generate a temporary text file for a check-up

miRNA, microRNA; miscRNA, miscellaneous RNA; scRNA, small cytoplasmic RNA; snoRNA, small nucleolar RNA; snRNA, small nuclear RNA.
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tein abundance correlates with the transcriptional level to
some extent. However, it is clear that fluctuation in the
level of a protein response to androgen only provides
indirect evidence for androgen regulation of the encoding

gene, because protein abundance is also affected by many
other factors, such as the rate of translation.

A few genes included in the database were only proved
to contain the androgen-responsive regions; researchers

FIG. 1. Overview of the KEGG pathway submodule. A, It incorporates the human, mouse, rat, and reference KEGG pathways (KEGG link listed in
Table 2). For each pathway we count the ARG number, which is clickable and will take users to the corresponding pathway page. B, The following
information is displayed on a pathway page: pathway description, pathway map, and ARGs involved in the selected pathway. ARGs are marked
with red box and text in the pathway map by using the KEGG pathway-coloring service. Additionally, ARGs are displayed by orthology on a
reference pathway page (panel B).
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should treat these genes cautiously for several reasons.
First, an in vitro assay cannot represent what actually
occurs in vivo. Additionally, growth factors or other cel-
lular signaling pathways can cause ligand-independent
activation of AR (23, 24); thus a gene containing AR-
binding sites does not necessarily require androgen for its

regulation. The Search Module can help researchers ex-
clude those genes if desired.

ARGDB provides comprehensive information on
ARGs. It collected important details of the androgen reg-
ulation experiments that will facilitate further evaluation
and selection by researchers according to their own stan-
dards. ARGDB was integrated with multiple annotation
resources including NCBI, GO, and KEGG pathway, to
reveal the biological characteristics and roles of ARGs.
Furthermore, a part of noncoding RNA genes was man-
ually curated. Much of the information in ARGDB can be
represented graphically, such as ARG distribution on a
chromosome or in a KEGG pathway.

ARGDB can be used as a research aid. By using its data,
we analyzed the GO and KEGG pathway enrichment in
ARGs. Many disease pathways were enriched, such as
prostate cancer, which was overrepresented in all con-
cerned species. These facts indicate the important role of
androgen signaling.

Because the previous TGTTCT motif model of the an-
drogen-responsive sequences cannot effectively predict
AR-binding regions or androgen target genes (9–11), an-
drogen-responsive sequences assayed in experiments
were collected in the database for motif discovery. How-
ever, motifs refound in human, mouse, and rat by us were
essentially consistent with the previous model (8), except
that across three species the right six nucleotides, 5�-TGT-
TCT-3�, were more conserved than the left.

In conclusion, ARGDB provides reliable and inte-
grated knowledge on androgen signaling. As we know,
cross talk between different pathways plays an important
role in carcinogenesis (25). ARGDB will facilitate not
only androgen studies but also pathway-cross talk studies
when combined with other databases such as ERGDB
(http://datam.i2r.a-star.edu.sg/ergdbV2/) (26).

Materials and Methods

Information retrieval
To efficiently obtain as complete information as possible,

three independent PubMed (Table 2) query sets were performed
as follows:

1) This set of queries consisted of androgen names (andro-
gen, testosterone, R1881, or dihydrotestosterone), regu-
lation and information on a single gene. The gene infor-
mation, including symbols, aliases, and names, was
extracted from NCBI deposits (Table 2) and then pro-
cessed by a Perl program that removed terms shorter than
two characters. Because of the large number of genes in
human, mouse, and rat, the gene-by-gene queries were
conducted by MySQL and a self-developed Perl program,
which made use of the NCBI eUtils service to access the
PubMed database.

2) This set consisted of androgen-response element.

FIG. 2. Motifs of androgen-responsive sequences identified by
MEME. Motifs identified in human, mouse, and rat were represented
by MEME LOGO (http://meme.sdsc.edu/meme4/cgi-bin/meme.cgi).
E-value of motif A (human), B (mouse), and C (rat) is 2.1E-20, 1.4E-15,
and 1.6E-4, respectively.

TABLE 2. Reference databases by ARGDB

Name Link
PubMed http://www.ncbi.nlm.nih.gov/sites/

entrez?db�PubMed
Entrez Gene http://www.ncbi.nlm.nih.gov/sites/

entrez?db�gene
Genome http://www.ncbi.nlm.nih.gov/sites/

entrez?db�genome
Nucleotide http://www.ncbi.nlm.nih.gov/sites/

entrez?db�nuccore
BLAST http://blast.ncbi.nlm.nih.gov/Blast.cgi
GO http://www.geneontology.org/
KEGG Pathway http://www.genome.ad.jp/kegg/

pathway.html
NURSA http://www.nursa.org/
ONCOMINE http://www.oncomine.org
BOND http://bond.unleashedinformatics.com
BioGPS http://biogps.gnf.org
miRBase http://microrna.sanger.ac.uk/

BLAST, Basic local alignment search tool.
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3) Queries in this set consisted of high-throughput methods
(array or Serial Analysis of Gene Expression) and
androgen.

All queries searched publications dating from January 1987
to May 2008. Reviews and other nonoriginal research publica-
tions were excluded.

ARG collection
Abstracts of the retrieved PubMed records were manually

screened. Records that described androgen regulation of ARG
expression or ARG-regulatory sequences or described AR bind-
ing to ARG-regulatory sequences were selected. The original
publications associated with these records were then further
perused for ARG collection. An ARG included in the database
satisfies both of the following conditions:

1) It belongs to human, mouse or rat.
2) It was experimentally proved to be regulated by androgen

at the RNA or protein level or to contain one or more
transcription regulatory regions that could be bound by
AR or mediate the response of reporter genes to androgen.
The gene change was caused by androgen alone and was
statistically significant. If no statistical test was conducted,
the change should be greater than or equal to 1.5-fold.
Genes with expressions or regulatory regions only affected
by castration, antiandrogen, or a combination of andro-
gen and other agents are not included.

Because protein abundance correlates with the transcrip-
tional level to some extent, genes with protein expressions af-
fected by androgen were included in the database. Changes in
protein secretion, modification, or activity were not taken for
the evidence of androgen regulation. Genes with transcription-
regulatory regions affected by the interaction between AR and
other transcriptional regulators, rather than direct AR binding,
were also included in the database.

To determine the exact identity of ARGs, the Basic Local
Alignment Search Tool (BLAST, Table 2) was applied. If no
corresponding sequences were supplied in the references,
ARGDB collected extensive information to confirm ARG’s
identity, such as gene symbols, gene names, chromosomal loca-
tion, and so on.

The following experimental information was manually ab-
stracted from original publications:

1) Answers to the following questions regarding androgen
regulation of the ARG’s RNA or protein level were re-
corded in the database.

Was ARG up- or down-regulated by androgen?
How long after androgen supplementation was ARG

significantly changed?
In what context was ARG changed, including type of

cells or tissues, kind of androgen, and amount of
androgen?

What methods were employed to prove the androgen
regulation?

2) Transcription regulatory sequences, which were proved to
be directly bound by AR or to mediate the response of
reporter genes to androgen, were collected. The corre-
sponding experimental conditions and results were sum-
marized. Location of those sequences in the genomic re-
gions of the relevant ARGs and distance from the ARG
transcription start sites were determined by the Element

Scan module in the ARGDB web site. If a mutagenesis
assay was conducted, the mutated sequence and the result
were also collected. For regulatory regions that were indi-
rectly bound by AR, their sequences were not recorded but
the evidence in support of androgen influence was
summed up. For convenience, the above two types of reg-
ulatory sequences were both termed “androgen-respon-
sive sequences.”

Data annotation and data mining
The Entrez Gene ID for the majority of ARGs was deter-

mined. Each gene was annotated with information from NCBI,
GO, and KEGG (Table 2). Taxon, symbol, name, cytoband,
exact genomic position, genomic structure, genomic sequence,
and summary were extracted from NCBI deposits. The GO
system describes molecular functions, biological processes, and
subcellular locations. KEGG provides the pathway information.
Live links to the relevant databases were also made. This in-
cludes links to NCBI, NURSA (27), ONCOMINE (28),
BOND, and BioGPS (Table 2). The Entrez Gene ID could not
be determined for some noncoding RNA genes. These ARGs
were manually annotated according to references and miR-
Base (29) (Table 2).

Hypergeometric tests were performed to analyze the GO cat-
egory or KEGG pathway enrichment in ARGs (30). The Bon-
ferroni method was used for multiple testing corrections. A GO
category or a KEGG pathway with adjusted P value � 0.05 was
regarded to be overrepresented. Enrichment analysis was per-
formed in human, mouse, and rat separately.

For motif discovery, 51 human, 28 mouse, and 14 rat andro-
gen-responsive sequences collected in the database were ana-
lyzed by Multiple EM for Motif Elicitation (MEME) (31, 32).
All the above sequences had been validated to be bound by AR
in EMSA or DNA footprinting.
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