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Breast cancer is a heterogeneous disease and several distinct
subtypes exist based on differential gene expression pat-
terns. Molecular apocrine tumours were recently identified
as an additional subgroup, characterised as oestrogen
receptor negative and androgen receptor positive
(ER— AR+), but with an expression profile resembling
ER + luminal breast cancer. One possible explanation for
the apparent incongruity is that ER gene expression pro-
grammes could be recapitulated by AR. Using a cell line
model of ER— AR+ molecular apocrine tumours (termed
MDA-MB-453 cells), we map global AR binding events and
find a binding profile that is similar to ER binding in breast
cancer cells. We find that AR binding is a near-perfect
subset of FoxAl binding regions, a level of concordance
never previously seen with a nuclear receptor. AR function-
ality is dependent on FoxAl, since silencing of FoxAl
inhibits AR binding, expression of the majority of the
molecular apocrine gene signature and growth cell growth.
These findings show that AR binds and regulates ER
cis-regulatory elements in molecular apocrine tumours,
resulting in a transcriptional programme reminiscent of
ER-mediated transcription in luminal breast cancers.
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Introduction

The sex steroid hormones oestrogen and androgen are critical
for the normal homeostasis of breast and prostate tissue.
Deregulation of these hormones leads to the development of
tumours and a number of hormone therapies have been
developed to successfully target these nuclear receptors.
Approximately, two thirds of breast cancers are dependent
upon oestrogen receptor-o. (ER) while the androgen receptor
(AR) is classically thought of as the driver of prostate cancer
development and progression (Cunha et al, 1987; Wilding,
1992). However, the majority of breast cancers, both ER
positive and negative, also express AR (Isola, 1993; Peters
et al, 2009; Hu et al, 2011). Furthermore, modulation of AR
by specific ligands can stimulate or inhibit breast cancer cell
growth depending on the cell line model used (Birrell et al,
1995, 1998).

In ER-positive breast cancer cells, AR has been shown
to function in a growth inhibitory manner, by associating
with oestrogen responsive elements (EREs) and impeding
ER-mediated transcription (Peters et al, 2009). This would
suggest that AR can have an inhibitory effect on ER transcrip-
tion by occupying similar cis-regulatory elements within
the genome. This hypothesis is supported by data showing
that ER-positive breast tumours with high AR possess
a better clinical prognosis (Peters et al, 2009; Park et al,
2010).

The role of AR in ER-negative breast cancer is less well
understood. Recently, a new subtype of breast cancer, termed
Molecular Apocrine, has been characterised (Farmer et al,
2005; Doane et al, 2006; Teschendorff et al, 2007). Molecular
apocrine tumours are ER negative, but AR positive and in
many cases they express genes that are normally expressed
in ER-positive luminal tumours, including XBP-1, SCUBE2,
SPDEF and FOXA1 (Doane et al, 2006). Molecular apocrine
tumours constitute 8-12% of breast cancers assessed by
expression profiling in two separate studies (Farmer et al,
2005; Doane et al, 20006). Interestingly, a cell line model
of molecular apocrine breast cancer, termed MDA-MB-453,
exists (Doane et al, 2006), that are AR positive (Hall et al,
1994) and have a gene expression profile most similar to
molecular apocrine tumours when compared with a range
of ER-negative breast cancer cell lines (Doane et al, 2006).
There is speculation that in these ER— tumours, AR may be
able to reside on common cis-regulatory domains, driving
transcription of genes that influence cell growth in an
ER-independent manner.

We aimed to clarify the role that AR plays in breast cancer
cells that are ER—. Using the molecular apocrine cell line
model, we mapped AR binding events by chromatin immu-
noprecipitation (ChIP) sequencing and determined the
mechanisms underlying AR-mediated chromatin interactions
and transcriptional potential.
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Results

We aimed to define the transcription factor properties that
govern molecular apocrine breast cancer cell transcription
and growth. Previous work has shown that molecular
apocrine tumours are AR+ ER— (Farmer et al, 2005) and
the breast cancer cell line, MDA-MB-453, has been shown to
have an expression profile most similar to that of molecular
apocrine tumours (Doane et al, 2006). We utilised MDA-
MB-453 breast cancer cells, MCF-7 breast cancer cells and

LNCaP cell, a model of prostate cancer, and assessed for
expression of AR and ER by western blot. Figure 1A shows
that MDA-MB-453 cells express comparable AR levels
to LNCaP cells, but do not express ER. The western blots
suggested that LNCaP cells do not express ER. Since AR or ER
ligands can, in some cases, be promiscuous, we directly
assessed whether MDA-MB-453 cells are dependent on the
presence of the AR protein for soft agar colony formation. We
transfected MDA-MB-453 cells with siControl or siRNA to AR
and confirmed effective silencing of AR (Figure 1B). In MDA-
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Figure 1 Molecular apocrine breast cancer cells are dependent on AR for growth and transcription. (A) Western blot for AR and ER in MCF-7
breast cancer cells, MDA-MB-453 molecular apocrine breast cancer cells and LNCaP prostate cancer cells. (B) MDA-MB-453 cells were
transfected with siControl or siAR. Western blot showing AR silencing. Following AR silencing, MDA-MB-453 colony formation was assessed in
a soft agar assay. An example image is shown in (C) and quantification of number and size of colonies from three replicates is shown in (D).
*Denotes P-value <0.05. (E) MTT growth assay with MDA-MB-453 cells treated with 1 uM bicalutamide or ethanol control, average of three
independent replicates, * denotes P-value <001. (F) AR ChIP of MDA-MB-453 cells after 4 h treatment with vehicle, R1881, bicalutamide or
R1881 plus bicalutamide followed by real-time PCR. (G) Transcript levels of a number of genes expressed in luminal tumours were assessed
in cells transfected with siControl or two different siRNA to AR, average of three individual replicates.
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MB-453 cells transfected with siRNA to AR, soft agar colony
formation was significantly decreased (Figure 1D), confirm-
ing that molecular apocrine breast cancer cells are dependent
on AR for their transformed phenotype. This experiment
was confirmed with an independent siRNA targeted to AR
(Supplementary Figure S1). To confirm a requirement of AR
for proliferation of MDA-MB-453 cells, we treated cells
growing in the presence of 10% fetal bovine serum (FBS)
with 1 uM of the anti-androgen bicalutamide or vehicle con-
trol, for 5 days and assessed growth using an MTT assay
(Figure 1E). Cells cultured in the presence of bicalutamide
had significantly less growth than control cells (P-value
<0.001) confirming previous results that anti-androgens
can partially inhibit growth of MDA-MB-453 cells (Doane
et al, 2006).

As AR can exhibit both genomic and non-genomic effects
(Heinlein and Chang, 2002), we aimed to determine whether
AR was acting via direct interaction with the chromatin.
MDA-MB-453 cells were hormone deprived and treated with
vehicle, the synthetic androgen R1881 or bicalutamide for 4 h
and AR ChIP was performed, followed by quantitative PCR of
two genomic regions shown previously to be AR binding
regions in LNCaPs (Massie et al, 2011) and ER binding regions
in MCF7 cells (Ross-Innes et al, 2010), respectively
(Figure 1F). These data suggest that AR mediates its effects
by binding to chromatin in a ligand-dependent manner,
which can be perturbed by the addition of the anti-androgen,
bicalutamide. To understand the AR transcriptional response,
MDA-MB-453 cells were transfected with two independent
siRNA pools to AR, total RNA collected and assessed for
transcript levels of genes previously shown to be classic ER
targets in luminal breast tumours (Sorlie et al, 2003). Nine of
these ER target genes were significantly decreased when AR
was specifically silenced (Figure 1G) or treated with bicalu-
tamide (Supplementary Figure S1). This suggests AR med-
iates transcription of these typical ER targets, many of which
are also signature genes in molecular apocrine breast cancers
(Sanga et al, 2009).

We mapped AR binding events using ChIP followed by
high-throughput sequencing (ChIP-seq) in asynchronous
MDA-MB-453 breast cancer cells and LNCaP prostate cancer
cells. We also mapped ER in MCF7 breast cancer cells.
Binding events were called using MACS and 22439 AR
binding events in MDA-MB-453 cells, 26847 AR binding
events in LNCaP cells and 44942 ER binding events in
MCF?7 cells could be identified (Figure 2A). Unexpectedly,
the AR binding profile in MDA-MB-453 cells was more similar
to ER binding in breast cancer cells (50.9% overlapping
regions) and substantially distinct from AR binding in pros-
tate cancer cells (29.3% overlapping regions). We define an
overlapping region as one where the binding events shared at
least one base pair. The relationship between the three cell
lines is also observed at more lenient thresholds, where any
ER or AR binding event in MCF7 or LNCaP cells are compared
with the reproducible AR binding events in MDA-MB-453
cells (Supplementary Figure S2), illustrating that we are not
missing shared binding events due to the stringency of our
peak calling method. The strongest AR binding events in
MDA-MB-453 cells are shared with either ER in MCF7 cells or
AR in LNCaP cells (Figure 2B). Furthermore, binding events
that we claim to be cell type specific are unique to that ChIP
(Supplementary Figure S2). An example of binding events in
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all three cell lines is shown in Figure 2C. Our findings suggest
that AR-chromatin interactions in molecular apocrine breast
cancer cells occur in a manner that is more similar to ER in
the breast than AR in the prostate.

To elucidate the mechanism dictating AR behaviour in
MDA-MB-453 cells, we conducted a de novo motif search
for transcription factors using the discovery tool Weeder to
generate a position weight matrix (PWM) for all AR bind-
ing sites. This resulting PWM was similar to that of
Forkhead proteins; FoxD1, P-value=3.64e—6, HNF3q,
P-value=1.03e—5 and FoxAl P-value=1.23e—5 (Figure 2D).
Forkhead motifs have been identified in almost all previous
ER mapping experiments in MCF-7 cells (Carroll et al, 2005,
2006; Laganiere et al, 2005; Lupien et al, 2008). The shared
and unique MDA-MB-453 AR binding events were also mined
for overrepresented DNA sequence motifs. Genomic regions
with a shared AR binding region in both MDA-MB-453 and
LNCaP cells were called AR/AR, shared AR in MDA-MB-453
and ER in MCF-7 cells were termed AR/ER, a region found
in all three contexts (AR in both MDA-MB-453 and LNCaP
cells and ER in MCF-7 cells) were called common regions.
We found the AR/ER regions contained motifs with similar
properties to EREs including ESR2 and PPARG. The AR/AR
shared regions were enriched for AR motif and
the common binding regions were enriched for ER motifs
(Figure 2E). It appears that traditional mechanisms are
utilised by ER and AR to mediate binding in MCF7 and
LNCaP cells, however, in the MDA-MB-453 cells AR may be
able to utilise ERE-like motifs to bind to DNA. This was
supported by data showing that the enriched motifs were in
the centre of the binding regions, suggesting that AR-chro-
matin interactions are the direct mechanisms for AR binding
to the genome, rather than a tethering mechanism
(Figure 2F). Interestingly, the Forkhead motif was also en-
riched at the centre of the AR binding regions, implying
potential cooperativity between AR and Forkhead proteins
in mediating AR binding.

FoxA1l has recently been identified and characterised in
mediating AR-chromatin interactions and ER-chromatin
interactions and function in prostate and breast cancer cells
(Carroll et al, 2005; Eeckhoute et al, 2006; Lupien et al, 2008;
Wang et al, 2009; Bernardo et al, 2010; Hurtado et al, 2011).
Since Forkhead motifs were enriched within AR binding
regions in molecular apocrine MDA-MB-453 breast cancer
cells, we hypothesised that the Forkhead protein FoxAl may
be having a similar role with AR in the breast. This hypoth-
esis is supported by the observation that FoxA1 is a signature
gene of molecular apocrine tumours (Doane et al, 2006).
We subsequently mapped FoxAl binding events by ChIP-seq
in MDA-MB-453 breast cancer cells, combining two biological
replicates. This resulted in a total of 99774 FoxAl binding
regions in MDA-MB-453 cells. Surprisingly, we found AR
binding events to be a near complete subset of the FoxAl
binding regions, with 98.1% of all AR binding events over-
lapping with a FoxAl binding region (Figure 3A; an example
region shown Figure 3C). This overlap is substantially higher
than the ~50% overlap between ER and FoxA1 (Lupien et al,
2008; Hurtado et al, 2011), suggesting that all AR binding
events in molecular apocrine breast cancer cells may be
mediated by FoxAl. The overlap at a more relaxed threshold
is shown in Supplementary Figure S3. As an independent
validation, we used the Genome Structure Correction (GSC)
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Figure 2 AR binding in molecular apocrine breast cancer is more similar to ER binding in the breast than AR binding in the prostate. (A) AR
binding was mapped in asynchronous MDA-MB-453 breast cancer cells and asynchronous LNCaP prostate cancer cells, and ER binding mapped
in asynchronous MCF-7 breast cancer cells. (B) Heatmap showing AR and ER binding signal intensity for overlapping regions in a window of
+ 5kb. The heatmap represents binding events ranked from strongest to weakest AR binding in MDA-MB-453 cells, and the adjacent columns
represent signal from the corresponding ChIP-sequencing experiment in the MCF7 and LNCaP cells. (C) Example of binding events which are
unique or shared by AR in MDA-MB-453 cells. (D) Motifs enriched in AR binding events in MDA-MB-453 cells. (E) A comparison of
differentially enriched motifs between the different categories of binding events: Common represents regions bound by AR in MDA-MB-453 and
LNCaP cells and by ER in MCF-7 cells; AR/ER is regions shared by AR in MDA-MB-453 and ER in MCF-7 cells; AR/AR represents regions shared
by AR in MDA-MB-453 and LNCaP cells; AR unique represents the AR binding sites unique to MDA-MB-453 cells only. (F) Enrichment for
AR and Forkhead motif in the centre of the AR MDA-MB-453 binding events.

statistic (Birney et al, 2007) to assess the extent to which
co-binding between replicates and across conditions is likely
to have occurred by chance (Figure 3D). Unsupervised clus-
tering of the z scores shows high correlation not only between
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replicates but also between AR and FoxAl in MDA-MB-453
cells.

In order to compare FoxA1l occupancy across the three cell
lines, we also mapped FoxAl binding events by ChIP-seq in
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chromatin in a ligand-dependent manner.

LNCaP prostate cell lines (65371 binding events) and
compared both data sets to published MCF7 FoxAl binding
data (Hurtado et al, 2011). The FoxAl binding regions
across each cell line were distinct from each other, ~50%
overlapping regions between the two breast cancer cell lines
(Figure 3B). Interestingly, FoxAl and AR in the LNCaP
prostate cell line also have a high level of concordance
(82%) while FoxAl and ER in MCF7 breast cancer cell only
overlap by 52% (Figure 3B). To confirm that AR and FoxAl
form complexes on the chromatin, Re-ChIP experiments were
performed. MDA-MB-453 cells were hormone deprived and

©2011 European Molecular Biology Organization

treated with vehicle or androgen. AR/FoxAl Re-ChIP was
performed, followed by real-time PCR of a region found by
ChIP-seq to be co-bound by AR and FoxAl. As a control,
AR/IgG Re-ChIP was performed. The data confirm that AR
and FoxAl could co-occupy the chromatin, but only in a
ligand-dependent manner (Figure 3E).

To explore the possibility that FoxAl may be dictating AR
binding in molecular apocrine cells, we transfected MDA-
MB-453 cells with siControl or siFoxAl (two independent
siRNAs) and assessed for effective silencing of FoxAl
(Figure 4A; Supplementary Figure S4). After silencing of

The EMBO Journal VOL 30 | NO 15 ] 2011
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FoxAl, AR binding was assessed by ChIP-qPCR at a number
of the regions identified by AR ChIP-seq. The data confirmed
that FoxAl is required for AR to bind chromatin (Figure 4B).
Critically, the silencing of FoxA1l did not alter total AR protein
levels (Figure 4A). We extended this experiment and enriched
for the chromatin fraction following silencing of FoxAl,
followed by western blotting for AR. Total AR-chromatin
recruitment was substantially inhibited when FoxAl was
silenced (Figure 4C; Supplementary Figure S4), confir-
ming a strong dependency on FoxAl for AR-chromatin
interactions.

To explore the role that FoxAl plays in transcription
in MDA-MB-453 cells, we conducted a microarray analysis
of differentially expressed genes after silencing of FoxAl.
Eight biological replicates (composed of two independent
siRNAs to FoxAl) were performed and 730 FoxAl regulated
genes were identified, which included a number of classic ER
target genes such as TFF1, XBP1 and RARA (Figure 4D;
Supplementary Figure S5). Pathway analysis using GeneGo
pathway maps shows enrichment for regulatory networks
involved in cell cycle, development and cytoskeleton remo-
delling (Figure 4E). Following this, we investigated FoxAl’s
role in the growth of MDA-MB-453 cells in 3D culture. Cells
were transfected with siRNA to FoxA1l, plated in soft agar and
after 12 days, colonies were counted. Silencing of FoxAl
resulted in fewer, smaller colonies (Figure 4F) implying a
requirement of FoxAl for growth.

To assess the significance of FoxAl-mediated transcription
in a clinical setting, we compared the siFoxAl gene expres-
sion values to the 100 gene molecular apocrine signature
derived from meta-analysis of two independent patient data
sets (Sanga et al, 2009). The list of genes is provided in
Supplementary Table 2. The majority (91%) of the genes in
the molecular apocrine gene signature were significantly
affected when FoxAl was silenced in MDA-MB-453 cells
(Figure 4G). This is a highly significant enrichment compared
with all genes on the microarray of which 26% were affected
by FoxAl silencing (P-value <1le—10). Interestingly, 47% of
these genes also have an AR and FoxAl binding event within
10kb of their transcription start sites. This is substantially
higher than the expected value of 25% (P-value=4.2e—9).
As such, FoxAl is required for AR binding to chromatin
and transcriptional activity of the genes that define AR+
ER— molecular apocrine breast cancers.

Discussion

Based on various clinical parameters, different subtypes of
breast cancer are a well-known phenomenon. Gene expres-
sion microarrays allow for refinement of the breast cancer
subtypes, based on the global expression profiles (Perou et al,
2000; Sorlie et al, 2001, 2003). Luminal breast cancers are
characterised as ER positive, but a spectrum of ER-negative
tumours exist. Recently, a novel subtype of breast cancer was
reported, termed molecular apocrine, that is ER— and AR +
(Farmer et al, 2005; Doane et al, 2006). Interestingly, many
of the genes expressed in molecular apocrine tumours are ER
target genes, traditionally expressed in ER+ luminal breast
cancer. It is estimated that ~8-12% of breast tumours
possess features of molecular apocrine breast cancer.

Most ER-positive breast cancers are also AR + (Park et al,
2010; Hu et al, 2011). In an ER + context, activation of AR
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appears to have an anti-proliferative effect on breast cancer
cell proliferation and AR positivity predicts a beneficial
clinical outcome in ER + breast cancers (Peters et al, 2009;
Park et al, 2010). It has been suggested that AR can bind to
similar cis-regulatory regions as ER, and given the correct
stoichiometric ratio, AR can physically impede ER transcrip-
tional activity (Peters et al, 2009). Our data suggest that in a
cell line model of molecular apocrine breast cancer, MDA-
MB-453 cells (Doane et al, 2006), that more than half of
AR binding to the genome occurs in a similar pattern to ER
binding in breast cancer cells. Therefore, in the absence of
ER, it appears that AR is capable of mimicking ER in its ability
to bind to DNA, at specific cis-regulatory elements in a
transcriptionally active manner.

Interestingly, AR binding in molecular apocrine breast
cancer cells, utilise the same mechanisms as ER in luminal
breast cancer cells, namely the requirement for FoxAl to
mediate its interaction with chromatin. Almost all AR binding
events occurred precisely at a FoxAl binding event and it
appears that essentially all AR binding is dependent on the
presence of FoxAl (Figure 4C). Since FoxAl is a molecular
apocrine signature gene marker (as is AR) (Doane et al, 2006;
Sanga et al, 2009), development of a molecular apocrine
tumour may depend on the presence of both the nuclear
receptor (AR) and the pioneer factor (FoxA1l). FoxAl and AR
binding in the LNCaP prostate cell line are also highly
concordant while only half of ER and FoxA1l binding events
overlap. As such, AR binding may be more dependent on the
pioneering qualities of FoxA1l, unlike ER where some binding
to nucleosome-depleted euchromatic regions are less depen-
dent on FoxAl for direct chromatin associations (Hurtado
et al, 2011). The overlap in FoxAl binding across the three
cell lines was similar to what has been reported across three
ER-positive breast cancer cell lines, MCF7, ZR75-1 and T-47D
(Hurtado et al, 2011).

Breast cancer and prostate cancer share many similar biolo-
gical features and common components (Risbridger et al,
2010). In the ER— context, AR is likely to utilise similar
mechanisms and factors as ER, to regulate target gene tran-
scription. These gene targets are pro-proliferative and growth of
the cells is dependent on the presence of AR. Given the
observation that most ER+ luminal breast cancers are also
positive for AR (Peters et al, 2009), the loss of ER expression
may result in a shift from ER- to AR-mediated transcription. The
switch from ER to AR transcriptional regulation would result in
similar genes being expressed from common cis-regulatory
domains, but growth would occur in a manner that is refractory
to traditional breast cancer therapies. The lack of clinical
benefit from ER antagonists, such as tamoxifen and aromatase
inhibitors, is reflected in the poor clinical outcome of molecular
apocrine tumours, when compared with luminal breast cancers
(Farmer et al, 2005). There has been speculation about the use
of anti-androgens for the treatment of apocrine breast cancers
(Farmer et al, 2005), a hypothesis that warrants clinical in-
vestigation in light of our findings.

Materials and methods

Cell culture

MDA-MB-453, MCF7 and LNCaP human cell lines were obtained
from ATCC and grown in DMEM or RPMI (LNCaP) supplemented
with 10% FBS and standard antibiotics. In all experiments, R1881
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was added at a final concentration of 100nM and bicalutamide
(Caslodex) was added at a final concentration of 1 pM.

Small interfering RNA (siRNA)

Cells were transfected with siRNA using Lipofectamine2000
(Invitrogen). AR was silenced using two different siRNA pools
SMARTpoo], siAR #1, and siGenome, siAR #2, both purchased from
Dharmacon (Catalogue numbers L-003400-00 and M-003400-02,
respectively). Two different siRNAs targeting the sequence of FoxAl
were used, a single siRNA, siFoxAl#1, (GAGAGAAAAAAUCAAC
AGC) and siGenome pool, siFoxAl1#2 (Dharmacon, Cat). AllStars
Negative Control siRNA (Qiagen) was used as a negative control.

Anchorage-independent growth

MDA-MB-453 cells were transfected with siRNA, trypinised 24 h
later and reseeded in soft agar as described in Fiebig et al (2004).
After 12 days, colonies were stained with tetrazolium chloride
(2-(4-iodophenyl)-3-(4-nitrophenyl)-5-phenyltetrazolium chloride
(1 mg/ml)).

Cell growth assay

MDA-MB-453 cells were plated at equal confluence and treated with
vehicle or 1 pM bicalutamide for 5 days. Number of live cells was
analysed daily using MTT assay (Millipore).

Gene expression by RT-PCR

MDA-MB-453 cells were transfected with AR or FoxAl siRNA. Total
RNA was collected 48h later and RT-PCR was performed
as described (Carroll et al, 2006). Primers used in qRT-PCR are
listed in Supplementary Table 1.

Western blots
Western blots were processed as previously described in Ross-Innes
et al (2010). Antibodies used were anti-FoxAl (ab5089), anti-
histone H3 (ab1791) and anti-B-actin (ab6276) from Abcam, anti-ER
(6F11) from Novocastra and anti-AR (sc-816) from Santa Cruz
Biotechnologies.

Chromatin immunoprecipitation

ChIP experiments were performed as described previously (Schmidt
et al, 2009). Antibodies used were anti-AR (sc-816) and anti-ER
(sc-543) from Santa Cruz Biotechnologies, and anti-FoxA1l (ab5089)
from Abcam. Primer sequences used for real-time PCR are provided
in Supplementary Table 1.

ChiIP-sequencing experiments

The ChIP DNA was verified by real-PCR before being processed for
[llumina sequencing as previously described (Schmidt et al, 2009).
Single end 36-bp ChIP-seq data were generated by the Illumina
analysis pipeline version 1.6.1, and reads were aligned to the
Human Reference Genome (assembly hg18, NCBI Build 36.6, March
2008 using BWA version 0.5.5; Li and Durbin, 2010). Reads were
filtered by an alignment quality score removing all reads with a
score <15. Peaks were called using MACS, version 1.3.7.1 (Zhang
et al, 2008). For AR ChIP-seq in MDA-MB-453, three biological
replicates were performed and only binding events that occurred in
two out of three replicates were considered. For all other ChIP-seq
experiments, two biological replicates were performed binding
events that occurred in both replicates were considered, except AR
in LNCaPs, were only one replicate was conducted and high
confidence binding events are defined as regions called by two peak
callers, MACS and SWEMBL.
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Motif analysis

De novo motif analysis was conducted using Weeder to create a
PWM for all AR binding events in MDA-MB-453 (Pavesi et al, 2006).
The resulting PWM was compared with JASPAR, Transfac and
UNIPROBE database by MEME’s TOMTOM application (Gupta et al,
2007). Overrepresented motifs in the AR binding event overlapping
regions were determined using patser (version 3e) (Hertz and
Stormo, 1999). Enrichment of all PWMs from JASPAR (Vertebrate
subset) was compared with intergenic sequences, using a P-value
cutoff of 0.01 to determine significant matches.

Enrichment of motifs across peaks was carried out using the
MOtif Occurrence Detection Suite (MOODS) via its BioPerl API to
scan for matches to PWMs (Korhonen et al, 2009). In all, 1kb
flanking either side of the centre of the consensus peaks was
scanned in 100 bp non-overlapping windows using a P-value cutoff
of 0.0001. Enrichment was calculated as the ratio between the
number of significant matches to the PWM and the mean number
matches from 1000 randomly permuted versions of the PWM,
in each window. Randomly permuted PWMs were generated
by shuffling the columns of the matrix, removing any sequence
specificity but maintaining base composition. PWMs for AR
(MA0007.1) and Forkhead (MF0005.1) were obtained from the
JASPAR database (Sandelin et al, 2004).

Re-ChIP

Cells were grown in phenol red-free DMEM supplemented with 5%
charcoal dextran-treated media for 3 days and treated with either
R1881 for 4h. The Re-ChIP was performed as described in
Ross-Innes et al (2010). Antibodies used were same as ChIP and
control anti-goat IgG (sc-34665).

Microarray analysis

Cells were transfected with siControl or siFoxAl for 48h. RNA was
collected from eight biological replicates (five replicates for second
siRNA for verification purposes). The Illumina BeadChIP (HumanWG-
12 version 4) bead-level data were preprocessed, log2-transformed and
quantile normalised using the bead array package (Dunning et al,
2007; Cairns et al, 2008) in Bioconductor (Gentleman et al, 2004).
Differential expression analysis was performed using limma eBayes
(Smyth, 2004) with a Benjamini and Hochberg multiple test correction
procedure (Benjamini and Hochberg, 1995) to identify statistically
significant differentially expressed genes (FDR 0.01).

GO pathway analysis
GO pathway enrichment was determined using GeneGo MetaCore.

Statistical analysis

All statistical analyses were performed using the two-tailed
Student’s t-tests or the hypergeometric distribution. Only values
with a P-value <0.05 were considered statistical. Error bars
represent standard deviations.

Supplementary data
Supplementary data are available at The EMBO Journal Online
(http://www.embojournal.org).
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