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Expressed sequence tag profiling identifies developmental and anatomic partitioning of gene expression in the mouse prostateThe prostate gland is an organ with highly specialized functional attributes that serves to enhance the fertility of mammalian species. Much of the information pertaining to normal and pathological conditions affecting the prostate has been obtained through extensive develop-mental, biochemical and genetic analyses of rodent species. Although important insights can be obtained through detailed anatomical and histological assessments of mouse and rat models, further mechanistic explanations are greatly aided through studies of gene and protein expression. 

Abstract

Background: The prostate gland is an organ with highly specialized functional attributes that
serves to enhance the fertility of mammalian species. Much of the information pertaining to normal
and pathological conditions affecting the prostate has been obtained through extensive
developmental, biochemical and genetic analyses of rodent species. Although important insights can
be obtained through detailed anatomical and histological assessments of mouse and rat models,
further mechanistic explanations are greatly aided through studies of gene and protein expression.

Results: In this article we characterize the repertoire of genes expressed in the normal developing
mouse prostate through the analysis of 50,562 expressed sequence tags derived from 14 mouse
prostate cDNA libraries. Sequence assemblies and annotations identified 15,009 unique
transcriptional units of which more than 600 represent high quality assemblies without
corresponding annotations in public gene expression databases. Quantitative analyses demonstrate
distinct anatomical and developmental partitioning of prostate gene expression. This finding may
assist in the interpretation of comparative studies between human and mouse and guide the
development of new transgenic murine disease models. The identification of several novel genes is
reported, including a new member of the β-defensin gene family with prostate-restricted
expression.

Conclusions: These findings suggest a potential role for the prostate as a defensive barrier for
entry of pathogens into the genitourinary tract and, further, serve to emphasize the utility of the
continued evaluation of transcriptomes from a diverse repertoire of tissues and cell types.

Introduction
The normal function of the mammalian prostate gland is to
enhance fertility by secreting buffers, proteins and protective
agents that maintain sperm in a quiescent and intact state as
they pass through the male and female reproductive tracts [1].

Much of the information pertaining to normal prostate phys-
iology has been obtained through extensive developmental
and biochemical analyses of the prostates of rodent species.
Despite anatomical differences between rodents and humans,
these studies have been instrumental for elucidating the
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influence of androgens on prostate differentiation and
growth, and for characterizing the protein and mineral con-
stituents that comprise the unique prostate environment.

In humans, the prostate exhibits the distinctive attribute of
sustained growth throughout life, a situation that contributes
to both benign and malignant prostate pathologies [1]. Strik-
ingly, the prevalence rates of benign prostate hypertrophy
(BPH) and prostate carcinoma approach nearly 50% in Amer-
ican men by the age of 70 [2-4]. Despite extensive research
efforts, the etiologies of these diseases remain poorly defined.
In contrast to colon, skin and bladder epithelia, prostate epi-
thelial cells are thought to be relatively better protected from
environmental insults, and the cellular constituents exhibit
low proliferation rates [5]. Androgenic hormones and hered-
itary factors influence both BPH and prostate carcinoma, but
the specific mechanisms by which they alter cellular growth
remain to be delineated.

As with other human health disorders, rodent models have
been developed to aid in the scientific analysis of prostate dis-
eases. Whilst early efforts focused extensively on the rat pros-
tate [6,7] - in part due to the advantages of working with a
relatively large gland - recent investigations have utilized the
mouse increasingly, primarily as a result of the ease and
power of manipulating the mouse genome [8]. The rodent
prostate is comprised of four distinct lobes: ventral, anterior
(also termed the coagulating gland), dorsal and lateral; the
latter two are commonly grouped together and collectively
referred to as the dorsolateral lobe [9]. These lobes are
arranged circumferentially around the urethra and display
characteristic patterns of ductal branching and secretory pro-
tein production. In contrast, the human prostate lacks a
defined lobar architecture - it is organized in zones with dis-
tinct disease predispositions; carcinoma primarily develops
in the peripheral zone and benign hypertrophy primarily
occurs in the transition zone [10]. The anatomical and func-
tional relationships between the rodent prostate lobes and the
human prostate zones have not been definitively established,
though it has been suggested that the human peripheral zone
is most analogous to the rodent dorsolateral lobe based upon
the observation that tumors induced in rodent prostates gen-
erally arise in these locations [7,11].

Although important insights pertaining to normal develop-
ment and disease pathology can be obtained through detailed
anatomical and histological assessments of mouse models,
further mechanistic explanations are greatly aided through
studies of gene and protein expression. In this context, the
Cancer Genome Anatomy Project (CGAP) [12] and other
large-scale sequencing efforts have sought to provide a com-
prehensive sequence and reagent set that encompasses genes
expressed in diverse collections of human and mouse tissues
[13]. However, a recent inventory of cDNA libraries and
sequences archived in CGAP and the database of expressed
sequence tags (ESTs) indicates that while 838 cDNA libraries

have been constructed from murine tissues and cell types,
there is no mouse prostate representation (query 8.20.2003
in [12]). In this article we characterize the repertoire of genes
expressed in the normal developing mouse prostate through
the analysis of ESTs derived from mouse prostate cDNA
libraries. The results of this analysis demonstrate distinct
anatomical and developmental partitioning of gene expres-
sion, a finding that may assist in the interpretation of compar-
ative studies between human and mouse, and further guide
the evaluation and development of new transgenic murine
disease models. The identification of several novel genes is
reported, including a new member of the β-defensin gene
family with prostate-restricted expression. This finding sug-
gests a potential role for the prostate as a defensive barrier for
entry of pathogens into the genitourinary tract.

Results
Mouse prostate transcriptome
To assess the diversity of gene expression in the mouse pros-
tate, we constructed and characterized cDNA libraries repre-
senting distinct stages of prostate development and
maturation that began with the urogenital sinus (E16.5), and
continued with prostates from two day old (neonatal), ten day
old, 20 day old, 35 day old (puberty), three month old (normal
adult), and 14 month old (aged adult) animals (Figure 1). A
total of 62,046 ESTs were generated, of which 50,562 passed
stringent quality assessments. Of these, 4,299 ESTs anno-
tated to the mitochondrial genome. Assembly of the remain-
ing prostate ESTs into distinct clusters or transcription units
(TUs) was performed using the sequence assembly program
Phrap [14] and each TU was assigned an annotation by
BLAST comparisons against sequences in public databases.
In accordance with definitions used by the FANTOM and
RIKEN teams in assembling a mouse transcriptome using
full-length cDNAs [15], we use the term TU to designate a
cluster of transcripts or ESTs that contain a common core of
sequence information transcribed from a segment of the
genome. A TU may be defined by a single cDNA sequence or
by multiple overlapping ESTs that share a common core
sequence. Assembly and annotation of the 46,263 mouse
prostate ESTs produced 15,009 unique TUs. Of these, 4,550
TUs are composed of more than one EST and 10,459 TUs are
represented by a single EST. Of the 4,550 TUs that contain
more than one EST, 3,567 are represented by sequences
derived from more than one mouse prostate library. All
sequences are archived for public accession in the mouse
prostate expression database (mPEDB) [16,17].

Gene expression alterations during mouse prostate 
development
To identify genes potentially involved with prostate develop-
ment and maturation, we determined temporal expression
changes by calculating transcript abundance levels in cDNA
libraries constructed from different stages of prostate devel-
opment. Pairwise comparisons of the datasets from each
Genome Biology 2003, 4:R79
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timepoint were performed using Audic and Claverie's analy-
sis method [18]. At a significance level of p = 0.001, 285 genes
were differentially expressed between one or more time
points (see Additional data file 1, Table 1). Applying the Bonfer-
roni correction for multiple comparisons identified a cohort
of 69 genes with highly significant differential expression
between one or more developmental stages. Hierarchical
clustering of these genes demonstrated distinct temporal par-
titioning of gene expression with notable cohorts increasing
over time and others decreasing over time. In Figure 2, two
clusters of genes are highlighted which show progressive
increases or decreases in expression over time from urogeni-
tal sinus to adulthood. Several of these genes encode proteins
involved in specialized prostate secretory activity such as
spermine binding protein (Sbp) [19] and serine protease
inhibitor Kazal type 3 (Spink3) [20]. Several are also known
to be regulated by androgenic hormones, such as probasin
(Pbsn), and increase in expression following the onset of
puberty [21]. Other TUs with temporal changes in expression
have no currently identified functional roles in prostate
development.

Gene expression compartmentalization between 
mouse prostate lobes
The rodent prostate gland is comprised of four distinct ana-
tomical lobes: dorsal, lateral, ventral and anterior, each with
unique ductal branching patterns and different responses to
androgenic hormones (Figure 3) [22,23]. Studies of secretory
products from rodent prostates have identified specific
expression patterns that can be assigned to individual lobes
[24-26]. To further explore the functional differences
between mouse prostate lobes, we compared the profiles of
genes expressed in each lobe and identified 34 genes that
exhibited statistically significant differential expression. This
group was reduced to 17 genes after correcting for multiple
comparisons (Table 2). The expression patterns of these
genes clearly support conclusions of prior anatomical and
biochemical studies demonstrating functional heterogeneity
between lobes of the gland. Genes highly expressed in the
anterior prostate relative to the other lobes included onzin
(alias placenta specific 8; Plac8), pancreatic family type A
ribonuclease 1 (RNAse1), and experimental autoimmune
prostatitis antigen (Eapa1; a putative prostate transglutami-
nase), as well as several uncharacterized transcripts. Sper-
mine binding protein (Sbp), and serine protease Kazal type 3
(Spink3) are relatively highly expressed in the ventral lobe,
while transcripts with increased expression in the

Temporal events in mouse prostate developmentFigure 1
Temporal events in mouse prostate development. Androgen levels (solid line) rise beginning at day E12, fall shortly after birth, and rise again at puberty 
[65]. Branching morphogenesis (dashed line) begins at approximately day E17 with prostate budding, peaks at approximately day 10 (after birth), and is 
essentially complete before puberty by day 35 [23]. Peak DNA synthesis (dotted line), representing the development of the prostate epithelial and stromal 
cell mass, occurs at approximately day 35 [66]. cDNA libraries were constructed from prostate tissues obtained at defined points of prostate development 
(stars).
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dorsolateral prostate include receptor activity modifying pro-
tein 2 (Ramp2), a transcript with similarity to acrosomal ves-
icle protein-1, and several uncharacterized transcripts. We
determined the lobe-specific expression patterns of several
transcripts using quantitative PCR (QPCR), and found that
the EST and QPCR methods produced qualitatively similar
results (Figure 4).

Wubah et al. have reported the cloning and tissue distribution
of a transcript termed ventral prostate predominant 1 (Vpp1)
that was identified through mRNA differential display
between different mouse prostate lobes [27]. QPCR and vir-
tual expression analysis confirmed that the expression of
Vpp1 is primarily localized in the ventral prostate, with lower
but detectable levels of expression in the dorsolateral and
anterior prostate lobes (Figure 4).

Table 1

Characterized genes with enhanced prostate expression

Symbol UniGene description                                                               .Tissues UniGene ID

Svp2 Seminal vesicle protein 2 Genitourinary; aorta and vein Mm.1286

Msmb β-microseminoprotein Genitourinary Mm.2540

Galgt2 UDP-N-acetyl-alpha-D-galactosamine Colon; embryo Mm.2807

Nkx3-1 NK-3 transcription factor locus 1 (Drosophila) Trophoblast stem cell Mm.3520

Svs6 Seminal vesicle secretion 6 Genitourinary Mm.3787

Sva Seminal vesicle antigen Genitourinary Mm.4119

Pbsn Probasin Genitourinary; bone Mm.8034

Defβ2 Defensin β 2 Head; epididymis Mm.41981

Sbp Spermine binding protein Tongue; genitourinary; stomach Mm.46428

B3galt1 B 1 3-galactosyltransferase polypeptide 1 Medulla oblongata; ganglion Mm.57041

Erbb3 Erythroblastic leukemia viral oncogene homolog 3 Tumor; inner ear Mm.57112

Hoxd12 Homeo box D12 Embryo; forelimb Mm.57124

- 11 kDa secreted protein precursor Whole skin Mm.71887

Mllt7 Mixed lineage-leukemia translocation to 7 homolog Tumor; genitourinary; spleen Mm.88827

Smok2 Sperm motility kinase 2 Lung Mm.88851

Svs7 Seminal vesicle protein secretion 7 Genitourinary Mm.99349

Fhl3 Four and a half LIM domains 3 Placenta Mm.100241

Pappa Pregnancy-associated plasma protein A Parthenogenote; tumor; genitourinary Mm.103481

Svs3 Seminal vesicle secretion 3 Genitourinary; adipose Mm.118769

- EST similar to Acrosomal vesicle protein 1 Genitourinary; thymus; placenta Mm.118804

Svs2 Seminal vesicle protein secretion 2 Genitourinary; aorta and vein Mm.143501

Amd2 S-adenosylmethionine decarboxylase 2 Blastocyst Mm.195848

Acac Acetyl-coenzyme A carboxylase Whole brain; branchial arches Mm.196688

Muc10 Mucin 10 submandibular gland salivary mucin Salivary gland Mm.200411

Lamc2 Laminin gamma2 chain Inner ear Mm.213197

Birc1f Baculoviral IAP repeat-containing 1f Lymph node; colon Mm.218759

Tnep1 Thrombospondin N-terminal domain Whole brain Mm.221237

Differential gene expression during mouse prostate developmentFigure 2 (see following page)
Differential gene expression during mouse prostate development. Statistical analysis of transcript abundance levels in stages of mouse prostate 
development identified 69 differentially expressed genes (p = 0.001). Shown are cohorts with progressing or regressing levels over time. The intensity 
scale represents the fold-change in expression normalized relative to the lowest abundance measurement.
Genome Biology 2003, 4:R79
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Figure 2 (see legend on previous page)
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Our EST results demonstrated that the probasin transcript
was most highly expressed in the anterior prostate with lower
- but still high - transcript abundance levels in the dorsola-
teral lobes, and minimal expression in the ventral lobe (Fig-
ure 4). QPCR quantitated the highest probasin expression in
the dorsolateral lobes followed by the anterior prostate, with
lowest levels in the ventral lobe. These results differ from
studies of expression localization using the rat probasin pro-
moter to drive transgene expression in mouse prostate epi-
thelium where the highest levels were observed in the lateral
and dorsal lobes, with lower expression in the ventral prostate
and very low to absent expression in the anterior prostate
[11,28]. Subsequent immunohistochemical and Western
analyses with antibodies recognizing the mouse probasin pro-
tein demonstrated high levels of expression in the anterior as
well as the dorsolateral mouse prostate lobes [29]. These
results suggest that the rat probasin promoter may confer
slightly different cellular specificity compared with the native
mouse promoter, or that transgenic constructs alter the nor-
mal regional distribution of probasin expression.

Genes with expression enhanced or restricted to the 
mouse prostate
The comparative analysis of cDNA libraries representing the
repertoire of genes expressed in the mouse prostate provided
an opportunity to identify genes whose expression is
enhanced or restricted to the mouse prostate relative to other
normal tissues. The human prostate gland expresses several

transcripts and corresponding proteins in a highly tissue-
restricted manner including prostate specific antigen (PSA)
[30], human glandular kallikrein 2 (hK2) [31], prostase/
KLK4 [32] and prostate specific membrane antigen (PSMA)
[33]. Studies of these proteins have provided insights into
normal prostatic function, mechanisms of hormone-regu-
lated gene expression and the development of prostate
pathology. To identify transcripts preferentially expressed in
the mouse prostate, we assigned each prostate TU to a
UniGene cluster and then determined the tissue sources of all
ESTs comprising the cluster. In total, 776 prostate TUs were
mapped to UniGenes containing ESTs derived from three or
fewer other tissues (see Additional data file 2). Only 28 of
these TUs represent characterized genes (Table 1). Included
among the 28 are NKX3.1 and probasin, both of which are
known to have prostate-restricted patterns of expression
[29,34]. Most of the prostate-enhanced TUs are represented
by uncharacterized ESTs and full-length cDNAs sequenced by
the RIKEN mouse transcript sequencing project [15]. Eighty
TUs contained ESTs from at least two different prostate
libraries. Of these, eight represent spliced gene products
based on sequence comparisons with the mouse draft genome
sequence. An additional 20 TUs had interesting features,
such as high sequence conservation with human sequences,
and may represent orthologous genes.

Identification of a gene encoding a putative prostate-
specific β-defensin
One TU, originally designated TU23348 after the original
library clone identifier, was found to be expressed in multiple
mouse prostate cDNAs libraries, lack representation in the
UniGene or dbEST sequence databases, and exhibit sequence
similarities to genes in the β-defensin family. We reasoned
that since TUs specifically originating from the mouse pros-
tate were not represented in the public sequence databases,
TU23348 could represent a β-defensin with expression
restricted to the prostate. To evaluate this possibility, we
measured the relative abundance of TU23348 transcripts in
multiple mouse tissues by QPCR. These results confirmed
high levels of TU23348 expression in the prostate, with very
low levels in testis and skeletal muscle, and no detectable
transcripts in a wide range of other tissues (Figure 5a). A
multiple tissue mRNA blot confirmed the RT-PCR findings
(Figure 5b), and northern analysis identified a transcript size
of approximately 0.4 kb. Northern analysis and QPCR also
indicated that TU23348 expression is further compartmen-
talized within the mouse prostate having highest expression
levels in the dorsolateral and ventral lobes, with very low to
absent expression in the anterior prostate (Figure 5c).

A full-length TU23348 transcript was obtained through
assemblies of mouse prostate cDNAs and by 5' and 3' rapid
amplification of cDNA ends (RACE) reactions using mouse
prostate cDNA as a template. The coding sequence comprises
219 nucleotides encoding a predicted polypeptide of 73 amino
acids (Figure 6a). The nucleotide sequence comprises a 72 nt

A schematic diagram of the adult mouse genitourinary tract (lateral view), with the anatomically-distinct prostate lobes highlighted in grayFigure 3
A schematic diagram of the adult mouse genitourinary tract (lateral view), 
with the anatomically-distinct prostate lobes highlighted in gray. 
Reproduced with permission from [67,68].
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5' UTR and 111 nt 3' UTR with putative polyadenylation
sequences located 99, 72 and 51 nt upstream of the polyA tail.
Protein sequence alignments with members of the mouse and
rat β-defensin family demonstrate a high level of sequence
similarity including conservation of the majority of the
cysteine and positively-charged residues that are predicted to
modulate antimicrobial activity (Figure 6) [35,36]. Align-
ments of the TU23348 transcript with the draft mouse
genome sequence indicates that TU23348 is located on
chromosome 8 and is comprised of two exons; the first encod-
ing 19 amino acids and the second 54 amino acids. The exons
are separated by a 7.3 kb intron (Figure 6). The gene is located
between two other members of the β-defensin family, β-
defensin 1 and 2. We named this gene Pbd1 for prostate β-
defensin 1. Subsequently, in accordance with the Human
Genome Organization (HUGO) nomenclature committee,
this gene carries the official designation of Defβ37 for

defensin beta 37 as it is the 37th β-defensin reported. The
sequence is represented in GenBank under accession number
AY387658.

Discussion
The physiological and biochemical features of a particular tis-
sue or cell type represent the complex endpoint of interac-
tions between specific cohorts of expressed genes and the
environment. The identification of the complete set of genes
expressed in the mouse has been the focal point of intensive
efforts involving the sequence analysis of hundreds of cDNA
libraries derived from tissues at different stages of mouse
development [15]. The ultimate success of this approach
depends on the specific organs, tissues and cell types selected
for sampling. Many transcripts will be expressed in a tissue-
or cell type-restricted manner, while others are expressed

Comparative analysis of fold change of gene expression in adult prostate lobes using quantitative PCR (QPCR) (dark grey bars) and virtual EST measurements (light grey bars)Figure 4
Comparative analysis of fold change of gene expression in adult prostate lobes using quantitative PCR (QPCR) (dark grey bars) and virtual EST 
measurements (light gray bars).
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prostate maturation and the production of testosterone at
puberty. These genes include several that encode seminal
fluid proteins such as Svs2, Svs5 and Sbp. The expression of
probasin, a gene known to be regulated by androgens,

followed a similar pattern of expression. Transcripts encod-
ing the antioxidant protein peroxiredoxin 6 (Prdx6) (alias
antioxidant protein 2: Aop2) also increased with age. Prdx6 is
involved in the redox regulation of the cell and can reduce

Prostate-specific expression of a novel β-defensin gene (Defβ37/Pbd1)Figure 5
Prostate-specific expression of a novel β-defensin gene (Defβ37/Pbd1). (a) Dot blots comprised of mRNAs derived from multiple normal mouse tissues 
were hybridized with probes encoding the Defβ37/Pbd1 gene, exposed to a phosphorimage screen, and quantitated. Tissue signal intensities are reported 
in arbitrary units above background intensity. (b) Prostate-specific expression of a novel β-defensin gene (Defβ37/Pbd1). QPCR analysis of Defβ37/Pbd1 
expression in multiple normal mouse tissues and in dissected mouse prostate lobes. Expression levels reflect the relative fold-differences in transcript 
abundance between tissue samples. Very low levels of Defβ37/Pbd1 expression not visible on this plot were detectable in skeletal muscle and testis 
(asterisks). (c) Prostate-specific expression of a novel β-defensin gene (Defβ37/Pbd1). Northern analysis of Defβ37/Pbd1 expression in dissected individual 
mouse prostate lobes.
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pairwise comparisons [60], and we report the results of this
analysis using a significance level of p = 0.001 with the Bon-
ferroni correction to adjust for multiple comparisons. The
DLP01, CG02, VP01 and VP02 libraries were evaluated in a
pairwise fashion for the lobular comparison. Libraries
included in the developmental pairwise comparison were
UGS01, UGS02, NEONATAL, DAY10, DAY20, DAY35, a
pooled library for MONTH3 (represented by combined TUs
from the lobular comparison) and MONTH14. Genes and
ESTs exhibiting differential expression between distinct
developmental time points were grouped by hierarchical clus-
tering using the Cluster software [61]. Clusters were visual-
ized using Treeview [61].

Unannotated, putatively novel sequences determined to be
differentially expressed between prostate lobes were further
evaluated using PSI-BLAST (Position-Specific Iterated
BLAST) and PHI-BLAST (Pattern-Hit Initiated BLAST) [58].
Nucleotide sequences were translated using the ExPASy
Translate program [62] to identify open reading frames. ESTs
were also compared against the assembled mouse genome
(February 2003 freeze) through the University of Santa
Cruz's BLAST-Like Alignment Tool (BLAT) [56] to identify
spliced sequences and predicted genes.

Quantitative polymerase chain reaction
Quantitative PCR analysis of selected genes was performed to
confirm the virtual expression results. Approximately 2 ng of
cDNA from each prostate lobe was used as a template for PCR
reactions using buffers and instructions in accordance with
the manufacturer's protocol (Applied Biosystems Inc., CA,
USA). Reactions contained 1X SYBR Green master mix
(Applied Biosystems, Inc.), and 0.3 µM of oligonucleotide
primer pairs designed to amplify the following genes: proba-
sin (Pbsn): Forward- 5' GGTCATCATCCTCCTGCTCA 3',
Reverse- 5' AGGCCCGTCAATCTTCTTTTT 3' (79 bp ampli-
con); spermine binding protein (Sbp): Forward- 5' CCCA-
CATGCAGAGCCCAGAAA 3', Reverse- 5'
ATCCGCATGCCCTTGAGTTG 3' (95 bp amplicon); serine
protease inhibitor, Kazal type 3 (Spink3): Forward- 5' TAT-
AGTTCTTCTGGCTTTTGC 3', Reverse- 5' TCTATGCGTTTC-
CTGTTTTCA 3' (246 bp amplicon); onzin (alias placenta-
specific 8 (Plac8)): Forward- 5' TTCTGTCCTGTTTGCTCT-
GTG 3', Reverse- 5' TCATGGCTCTCCTCCTGTTA 3' (61 bp
amplicon); receptor (calcitonin) activity modifying protein 2
(Ramp2): Forward- 5' CTCATCCTTCCCACAGACCT 3',
Reverse- 5' TGTGTCGTGAGTCCCCTTTG 3' (61 bp ampli-
con); ventral prostate predominant 1 (Vpp1): Forward- 5'
TGCTGTCTGTCTGTCTTCTG 3', Reverse-5' CCATACTTATT-
GTTTCTCCTTTC 3' (126 bp amplicon); ribonuclease, RNAse
A Family, 1 (RNAse1): Forward- 5' AAGTCCCTCATTCTGTT-
TCCA 3', Reverse- 5' TATCCCGGCGTTTCATCATTT 3' (166
bp amplicon); EST similar to acrosomal vesicle protein 1: For-
ward- 5' TGTTCCTAGGCTCTCACTGC 3', Reverse- 5' CCAA-
GAGTAGCAACAAGAGG 3' (52 bp amplicon); prostate β-
defensin 1 (Pbd1): Forward- 5' GATCAAGTGTAT-

GCCAAAAATG 3', Reverse- 5' TTTATATGGCTTCAGT-
GCTCTA 3' (149 bp amplicon). Amplifications were
performed using a protocol of 95°C for 30 sec, 60°C for 30
sec, and 72°C for 30 sec for 40 cycles on the ABI 7700
sequence detector while recording fluorescence measure-
ments. Each reaction was performed in triplicate and cycle
numbers were normalized to a parallel ribosomal protein S16
control as previously described [63]. To determine the tissue
distribution of Pbd1, quantitative PCR was performed using
cDNAs derived from multiple mouse tissues according to the
supplier's protocol (Invitrogen).

Northern and dot blot analysis
Ten µg of total RNA from each prostate lobe and other mouse
tissues were fractionated on 1.2% agarose denaturing gels and
transferred to nylon membranes by a capillary method [64].
The mouse multiple tissue and master blots were obtained
from Clontech, CA, USA. Blots were hybridized with Defβ37/
Pdb1 cDNA probes labeled with [alpha-32P]dCTP by random
priming using the Rediprime II random primer labeling sys-
tem (Amersham, CA, USA) according to the manufacturer's
protocol. Blots were stripped and re-probed for β-actin as a
loading control. Filters were imaged and quantitated by using
a phosphor-capture screen and ImageQuant software (Amer-
sham, CA, USA).

Additional data files
The additional data files are available with this article and at
[17]: A table showing the genes that are differentially
expressed between developmental timepoints at a signifi-
cance level of p = 0.001, without the correction for multiple
comparisons (Additional data file 1), and a table of genes rep-
resented by more than two prostate ESTs and expressed in
fewer than two tissues in addition to the prostate (Additional
data file 2).
Additional data file 1A table showing the genes that are differentially expressed between developmental timepoints at a significance level of p = 0.001, with-out the correction for multiple comparisonsA table showing the genes that are differentially expressed between developmental timepoints at a significance level of p = 0.001, with-out the correction for multiple comparisonsClick here for additional data fileAdditional data file 2A table of genes represented by more than two prostate ESTs and expressed in fewer than two tissues in addition to the prostateA table of genes represented by more than two prostate ESTs and expressed in fewer than two tissues in addition to the prostateClick here for additional data file

Acknowledgements
We thank Cory Abate-Shen for critical reading of the manuscript and help-
ful suggestions. This work was supported by grant DK63919 (to R.A.S.) and
grants R01DK59125, R01DK65204, CA97186 and a Damon Runyon
Scholar Award (to P.S.N.).

References
1. Marengo SR: Prostate Physiology and Regulation. In: Advanced

Therapy of Prostate Disease Edited by: Resnick MI, Thompson IM. Ham-
ilton/London: BC Decker, Inc; 2000:92-117. 

2. Garraway WM, Collins GN, Lee RJ: High prevalence of benign
prostatic hypertrophy in the community. Lancet 1991,
338:469-471.

3. Yatani R, Kusano I, Shiraishi T, Hayashi T, Stemmermann GN: Latent
prostatic carcinoma: Pathological and epidemiological
aspects. Jpn J Clin Oncol 1989, 19:319-326.

4. Haas GP, Sakr WA: Epidemiology of prostate cancer. CA Cancer
J Clin 1997, 47:273-287.

5. Berges RR, Vukanovic J, Epstein JI, CarMichel M, Cisek L, Johnson DE,
Veltri RW, Walsh PC, Isaacs JT: Implication of cell kinetic
changes during the progression of human prostatic cancer.
Clin Cancer Res 1995, 1:473-480.

6. Navone NM, Logothetis CJ, von Eschenbach AC, Troncoso P: Model
Genome Biology 2003, 4:R79

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/0140-6736(91)90543-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/0140-6736(91)90543-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1714529
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2691730
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2691730
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2691730
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9314822
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9816006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9816006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1023/A:1006165017279
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1023/A:1006165017279


R79.14 Genome Biology 2003,     Volume 4, Issue 12, Article R79       Abbott et al. http://genomebiology.com/2003/4/12/R79
systems of prostate cancer: uses and limitations. Cancer Metas-
tasis Rev 1998, 17:361-371.

7. Pollard M, Luckert PH: Autochthonous prostate adenocarcino-
mas in Lobund-Wistar rats: a model system. Prostate 1987,
11:219-227.

8. Abate-Shen C, Shen MM: Mouse models of prostate
carcinogenesis. Trends Genet 2002, 18:S1-S5.

9. Jesik CJ, Holland JM, Lee C: An anatomic and histologic study of
the rat prostate. Prostate 1982, 3:81-97.

10. McNeal JE: The zonal anatomy of the prostate. Prostate 1981,
2:35-49.

11. Greenberg NM, DeMayo F, Finegold MJ, Medina D, Tilley WD, Aspi-
nall JO, Cunha GR, Donjacour AA, Matusik RJ, Rosen JM: Prostate
cancer in a transgenic mouse. Proc Natl Acad Sci USA 1995,
92:3439-3443.

12. The Cancer Genome Anatomy Project - cDNA library finder
[http://cgap.nci.nih.gov/Tissues/LibraryFinder]

13. Schaefer C, Grouse L, Buetow K, Strausberg RL: A new cancer
genome anatomy project web resource for the community.
Cancer J 2001, 7:52-60.

14. The Phred/Phrap/Consed system home page  [http://
www.phrap.org]

15. Okazaki Y, Furuno M, Kasukawa T, Adachi J, Bono H, Kondo S,
Nikaido I, Osato N, Saito R, Suzuki H  et al.: Analysis of the mouse
transcriptome based on functional annotation of 60,770 full-
length cDNAs. Nature 2002, 420:563-573.

16. Nelson PS, Pritchard C, Abbott D, Clegg N: The human (PEDB)
and mouse (mPEDB) Prostate Expression Databases. Nucleic
Acids Res 2002, 30:218-220.

17. Mouse Prostate Expression Database  [http://www.mpedb.org]
18. Audic S, Claverie JM: The significance of digital gene expression

profiles. Genome Res 1997, 7:986-995.
19. Mills JS, Needham M, Parker MG: Androgen regulated expres-

sion of a spermine binding protein gene in mouse ventral
prostate. Nucleic Acids Res 1987, 15:7709-7724.

20. Mills JS, Needham M, Parker MG: A secretory protease inhibitor
requires androgens for its expression in male sex accessory
tissues but is expressed constitutively in pancreas. EMBO J
1987, 6:3711-3717.

21. Spence AM, Sheppard PC, Davie JR, Matuo Y, Nishi N, McKeehan
WL, Dodd JG, Matusik RJ: Regulation of a bifunctional mRNA
results in synthesis of secreted and nuclear probasin. Proc Natl
Acad Sci USA 1989, 86:7843-7847.

22. Timms BG, Mohs TJ, Didio LJ: Ductal budding and branching pat-
terns in the developing prostate. J Urol 1994, 151:1427-1432.

23. Sugimura Y, Cunha GR, Donjacour AA: Morphogenesis of ductal
networks in the mouse prostate. Biol Reprod 1986, 34:961-971.

24. Hayashi N, Sugimura Y, Kawamura J, Donjacour AA, Cunha GR: Mor-
phological and functional heterogeneity in the rat prostatic
gland. Biol Reprod 1991, 45:308-321.

25. Imasato Y, Onita T, Moussa M, Sakai H, Chan FL, Koropatnick J, Chin
JL, Xuan JW: Rodent PSP94 gene expression is more specific
to the dorsolateral prostate and less sensitive to androgen
ablation than probasin. Endocrinology 2001, 142:2138-2146.

26. Kinbara H, Cunha GR: Ductal heterogeneity in rat dorsal-lat-
eral prostate. Prostate 1996, 28:58-64.

27. Wubah JA, Fischer CM, Rolfzen LN, Khalili M, Kang J, Green JE, Bie-
berich CJ: Ventral prostate predominant l, a novel mouse
gene expressed exclusively in the prostate. Prostate 2002,
51:21-29.

28. Greenberg NM, DeMayo FJ, Sheppard PC, Barrios R, Lebovitz R, Fine-
gold M, Angelopoulou R, Dodd JG, Duckworth ML, Rosen JM  et al.:
The rat probasin gene promoter directs hormonally and
developmentally regulated expression of a heterologous
gene specifically to the prostate in transgenic mice. Mol
Endocrinol 1994, 8:230-239.

29. Johnson MA, Hernandez I, Wei Y, Greenberg N: Isolation and
characterization of mouse probasin: an androgen-regulated
protein specifically expressed in the differentiated prostate.
Prostate 2000, 43:255-262.

30. Rittenhouse HG, Finlay JA, Mikolajczyk SD, Partin AW: Human Kal-
likrein 2 (hK2) and prostate-specific antigen (PSA): two
closely related, but distinct, kallikreins in the prostate. Crit
Rev Clin Lab Sci 1998, 35:275-368.

31. Grauer LS, Charlesworth MC, Saedi MS, Finlay JA, Liu RS, Kuus-
Reichel K, Young CY, Tindall DJ: Identification of human glandu-
lar kallikrein hK2 from LNCaP cells. J Androl 1996, 17:353-359.

32. Nelson PS, Gan L, Ferguson C, Moss P, Gelinas R, Hood L, Wang K:

Molecular cloning and characterization of prostase, an
androgen-regulated serine protease with prostate-
restricted expression. Proc Natl Acad Sci USA 1999, 96:3114-3119.

33. Gregorakis AK, Holmes EH, Murphy GP: Prostate-specific mem-
brane antigen: current and future utility. Semin Urol Oncol 1998,
16:2-12.

34. Bieberich CJ, Fujita K, He WW, Jay G: Prostate-specific and
androgen-dependent expression of a novel homeobox gene.
J Biol Chem 1996, 271:31779-31782.

35. Schutte BC, Mitros JP, Bartlett JA, Walters JD, Jia HP, Welsh MJ,
Casavant TL, McCray PB Jr: Discovery of five conserved beta-
defensin gene clusters using a computational search
strategy. Proc Natl Acad Sci USA 2002, 99:2129-2133.

36. Wu Z, Hoover DM, Yang D, Boulegue C, Santamaria F, Oppenheim
JJ, Lubkowski J, Lu W: Engineering disulfide bridges to dissect
antimicrobial and chemotactic activities of human beta-
defensin 3. Proc Natl Acad Sci USA 2003, 100:8880-8885.

37. Wells CA, Ravasi T, Sultana R, Yagi K, Carninci P, Bono H, Faulkner
G, Okazaki Y, Quackenbush J, Hume DA  et al.: Continued discov-
ery of transcriptional units expressed in cells of the mouse
mononuclear phagocyte lineage. Genome Res 2003,
13:1360-1365.

38. Srikantan V, Zou Z, Petrovics G, Xu L, Augustus M, Davis L, Livezey
JR, Connell T, Sesterhenn IA, Yoshino K  et al.: PCGEM1, a pros-
tate-specific gene, is overexpressed in prostate cancer. Proc
Natl Acad Sci USA 2000, 97:12216-12221.

39. Bussemakers MJ, van Bokhoven A, Verhaegh GW, Smit FP, Karthaus
HF, Schalken JA, Debruyne FM, Ru N, Isaacs WB: DD3: a new pros-
tate-specific gene, highly overexpressed in prostate cancer.
Cancer Res 1999, 59:5975-5979.

40. Manevich Y, Sweitzer T, Pak JH, Feinstein SI, Muzykantov V, Fisher
AB: 1-Cys peroxiredoxin overexpression protects cells
against phospholipid peroxidation-mediated membrane
damage. Proc Natl Acad Sci USA 2002, 99:11599-11604.

41. Hochachka PW, Rupert JL, Goldenberg L, Gleave M, Kozlowski P:
Going malignant: the hypoxia-cancer connection in the
prostate. Bioessays 2002, 24:749-757.

42. Hardison R: Hemoglobins from bacteria to man: evolution of
different patterns of gene expression. J Exp Biol 1998,
201:1099-1117.

43. Liu L, Zeng M, Stamler JS: Hemoglobin induction in mouse
macrophages. Proc Natl Acad Sci USA 1999, 96:6643-6647.

44. Giardina B, Messana I, Scatena R, Castagnola M: The multiple func-
tions of hemoglobin. Crit Rev Biochem Mol Biol 1995, 30:165-196.

45. Perez-Stable C, Altman NH, Brown J, Harbison M, Cray C, Roos BA:
Prostate, adrenocortical, and brown adipose tumors in fetal
globin/T antigen transgenic mice. Lab Invest 1996, 74:363-373.

46. Perez-Stable C, Altman NH, Mehta PP, Deftos LJ, Roos BA: Prostate
cancer progression, metastasis, and gene expression in
transgenic mice. Cancer Res 1997, 57:900-906.

47. Yang D, Biragyn A, Kwak LW, Oppenheim JJ: Mammalian
defensins in immunity: more than just microbicidal. Trends
Immunol 2002, 23:291-296.

48. Yamaguchi Y, Nagase T, Makita R, Fukuhara S, Tomita T, Tominaga T,
Kurihara H, Ouchi Y: Identification of multiple novel
epididymis-specific beta-defensin isoforms in humans and
mice. J Immunol 2002, 169:2516-2523.

49. Li P, Chan HC, He B, So SC, Chung YW, Shang Q, Zhang YD, Zhang
YL: An antimicrobial peptide gene found in the male repro-
ductive system of rats. Science 2001, 291:1783-1785.

50. Sawicki W, Mystkowska ET: Contraceptive potential of peptide
antibiotics. Lancet 1999, 353:464-465.

51. Ewing B, Hillier L, Wendl MC, Green P: Base-calling of automated
sequencer traces using phred. I. Accuracy assessment.
Genome Res 1998, 8:175-185.

52. Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ: Basic local
alignment search tool. J Mol Biol 1990, 215:403-410.

53. Gordon D, Abajian C, Green P: Consed: a graphical tool for
sequence finishing. Genome Res 1998, 8:195-202.

54. NCBI Databases  [http://www.ncbi.nlm.nih.gov/Database/
index.html]

55. Kent WJ: BLAT - the BLAST-like alignment tool. Genome Res
2002, 12:656-664.

56. UCSC Genome Bioinformatics  [http://genome.ucsc.edu/]
57. Pietrokovski S, Henikoff JG, Henikoff S: The Blocks database - a

system for protein classification. Nucleic Acids Res 1996,
24:197-200.

58. Altschul SF, Madden TL, Schaffer AA, Zhang J, Zhang Z, Miller W, Lip-
Genome Biology 2003, 4:R79

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1023/A:1006165017279
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10453280
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3684782
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3684782
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0168-9525(02)02683-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0168-9525(02)02683-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12047956
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7079198
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7079198
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7279811
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=42182
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=42182
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7724580
http://cgap.nci.nih.gov/Tissues/LibraryFinder
http://cgap.nci.nih.gov/Tissues/LibraryFinder
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11269648
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11269648
http://www.phrap.org
http://www.phrap.org
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1038/nature01266
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1038/nature01266
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1038/nature01266
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12466851
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=99083
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=99083
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11752298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1093/nar/30.1.218
http://www.mpedb.org
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9331369
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9331369
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3502715
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3502715
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3502715
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3428272
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3428272
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3428272
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2682630
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2682630
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8158800
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8158800
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3730488
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3730488
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1786296
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1786296
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1786296
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11316782
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11316782
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11316782
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1002/(SICI)1097-0045(199601)28:1<58::AID-PROS8>3.0.CO;2-K
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1002/(SICI)1097-0045(199601)28:1<58::AID-PROS8>3.0.CO;2-K
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8545282
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1002/pros.10060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1002/pros.10060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11920954
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8170479
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8170479
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8170479
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1002/1097-0045(20000601)43:4<255::AID-PROS4>3.0.CO;2-M
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1002/1097-0045(20000601)43:4<255::AID-PROS4>3.0.CO;2-M
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10861744
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9759557
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9759557
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9759557
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8889697
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8889697
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10077646
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.96.6.3114
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9508077
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9508077
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1074/jbc.271.50.31779
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1074/jbc.271.50.31779
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8943214
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=122330
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=122330
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=122330
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11854508
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.042692699
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.1533186100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.1533186100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.1533186100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12840147
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1101/gr.1056103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1101/gr.1056103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1101/gr.1056103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12819134
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17321
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17321
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11050243
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.97.22.12216
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10606244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10606244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=129315
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=129315
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=129315
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12193653
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.182384499
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1002/bies.10131
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1002/bies.10131
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1002/bies.10131
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12210536
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9510523
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9510523
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=21968
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=21968
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10359765
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.96.12.6643
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7555018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7555018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8780156
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8780156
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8780156
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9041192
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9041192
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9041192
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S1471-4906(02)02246-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S1471-4906(02)02246-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12072367
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12193721
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12193721
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12193721
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1126/science.1056545
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1126/science.1056545
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11230693
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0140-6736(98)04648-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0140-6736(98)04648-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9989721
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9521921
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9521921
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1006/jmbi.1990.9999
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1006/jmbi.1990.9999
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2231712
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9521923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9521923
http://www.ncbi.nlm.nih.gov/Database/index.html
http://www.ncbi.nlm.nih.gov/Database/index.html
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=187518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11932250
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1101/gr.229202. Article published online before March 2002
http://genome.ucsc.edu/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=145590
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=145590
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8594578
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1093/nar/24.1.197


http://genomebiology.com/2003/4/12/R79 Genome Biology 2003,     Volume 4, Issue 12, Article R79       Abbott et al. R79.15

co
m

m
ent

review
s

repo
rts

refereed research
depo

sited research
interactio

ns
info

rm
atio

n

man DJ: Gapped BLAST and PSI-BLAST: a new generation of
protein database search programs. Nucleic Acids Res 1997,
25:3389-3402.

59. Comparative evaluation of statistical tests for the detection
of differentially expressed genes in multiple tag sampling
experiments  [http://telethon.bio.unipd.it/bioinfo/IDEG6]

60. Romualdi C, Bortoluzzi S, D'Alessi F, Danieli GA: IDEG6: a web
tool for detection of differentially expressed genes in multi-
ple tag sampling experiments. Physiol Genomics 2003,
12:159-162.

61. Eisen MB, Spellman PT, Brown PO, Botstein D: Cluster analysis
and display of genome-wide expression patterns. Proc Natl
Acad Sci USA 1998, 95:14863-14868.

62. ExPASy Proteomics tools  [http://us.expasy.org/tools]
63. Pritchard CC, Hsu L, Delrow J, Nelson PS: Project normal: defin-

ing normal variance in mouse gene expression. Proc Natl Acad
Sci USA 2001, 98:13266-13271.

64. Sambrook J, Fritsch EF, Maniatis T: Molecular Cloning: A Laboratory
Manual Cold Spring Harbor, NY: Cold Spring Harbor Laboratory
Press; 1989. 

65. Corpechot C, Baulieu EE, Robel P: Testosterone, dihydrotesto-
sterone and androstanediols in plasma, testes and prostates
of rats during development. Acta Endocrinol (Copenh) 1981,
96:127-135.

66. Sugimura Y, Cunha GR, Donjacour AA, Bigsby RM, Brody JR: Whole-
mount autoradiography study of DNA synthetic activity dur-
ing postnatal development and androgen-induced
regeneration in the mouse prostate. Biol Reprod 1986,
34:985-995.

67. Bhatia-Gaur R, Donjacour AA, Sciavolino PJ, Kim A, Desai N, Young
P, Norton CR, Gridley T, Cardiff RD, Cunha GR  et al.: Roles for
Nxk3.1 in prostate development and cancer. Genes Dev 1999,
13:966-977.

68. Cunha GR, Donjacour AA, Cooke PS, Mee S, Bigsby RM, Higgins SJ,
Sugimura Y: The endocrinology and developmental biology of
the prostate. Endocr Rev 1987, 8:338-362.
Genome Biology 2003, 4:R79

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=146917
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=146917
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9254694
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1093/nar/25.17.3389
http://telethon.bio.unipd.it/bioinfo/IDEG6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12429865
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12429865
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12429865
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=24541
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=24541
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9843981
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.95.25.14863
http://us.expasy.org/tools
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=60859
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=60859
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11698685
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.221465998
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7456981
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7456981
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7456981
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3730490
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3730490
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3730490
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10215624
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10215624
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3308446
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3308446

	Abstract
	Background
	Results
	Conclusions

	Introduction
	Results
	Mouse prostate transcriptome
	Gene expression alterations during mouse prostate development
	Gene expression compartmentalization between mouse prostate lobes
	Genes with expression enhanced or restricted to the mouse prostate
	Identification of a gene encoding a putative prostate- specific b-defensin
	Table 2 


	Discussion
	Methods
	cDNA library construction and DNA sequence analysis
	Assembly and annotation of ESTs derived from the mouse prostate
	Virtual analysis of differential gene expression
	Quantitative polymerase chain reaction
	Northern and dot blot analysis


	Additional data files
	Acknowledgements
	References

