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Proper activation of transcriptional networks in complex organisms is central to the response to stimuli. We
demonstrate that the selective activation of a subset of the estrogen receptor alpha (ERa) cistrome in MCF7
breast cancer cells provides specificity to the estradiol (E2) response. ERa-specific enhancers that are subject
to E2-induced coactivator-associated arginine methyltransferase 1 (CARM]1) action are critical to E2-stimu-
lated gene expression. This is true for both FoxAl-dependent and independent enhancers. In contrast, a subset
of E2-suppressed genes are controlled by FoxAl-independent ERa binding sites. Nonetheless, these are sites
of E2-induced CARMI1 activity. In addition, the MCF7 RNA polymerase II cistrome reveals preferential
occupancy of E2-regulated promoters prior to stimulation. Interestingly, E2-suppressed genes tend to lie in
otherwise silent genomic regions. Together, our results suggest that the transcriptional response to E2 in
breast cancer cells is dependent on the interplay between polymerase II pre-occupied promoters and the subset

of the ER«a cistrome associated with coactivation.

The transcriptional response to estrogen in numerous tis-
sues, including mammary gland, bone, and uterine tissues, and
in diseases such as breast cancer is dependent on estrogen
receptor alpha (ERa). Genome-wide positional analyses de-
fining the set of cis-regulatory elements recruiting ERa, known
as its cistrome, in breast cancer cells have revealed its predom-
inant recruitment to enhancers as opposed to promoter re-
gions (6, 7, 37, 39). As for many other transcription factors,
genomic recruitment of ERa is restricted to a small proportion
of its putative binding sites (<4.4%) offering a primary means
of defining the response to estradiol (E2) (5, 7, 37). Similarly,
the promoter predominant Pol II recruitment in breast cancer
cells is restricted to a subset of promoters upon E2 stimulation
(7, 32, 33, 35). Epigenetic modifications are central to the
lineage-specific recruitment at enhancers and promoter re-
gions. Indeed, promoters of activated genes harbor trimethyl-
ated histone H3 lysine 4 (H3K4me3) favoring the recruitment
of chromatin remodeling enzymes and histone acetylases (1,
18, 42, 52, 56, 58). In contrast, promoters associated with tran-
scriptional repression harbor trimethylated H3K27 (H3K27me3)
(1, 3, 36, 42). Similarly, functional enhancers are associated with

* Corresponding author. Mailing address: Dana-Farber Cancer In-
stitute, Division of Molecular and Cellular Oncology, 44 Binney St.,
Boston, MA 02115. Phone: (617) 632-3948. Fax: (617) 632-5417.
E-mail: myles_brown@dfci.harvard.edu.

+ Supplemental material for this article may be found at http://mcb
.asm.org/.

¥ Present address: Norris Cotton Cancer Center, Dartmouth Med-
ical School, Lebanon, NH 03756.

§ Present address: UMR CNRS 6026, Université de Rennes 1, Cam-
pus de Beaulieu, 35042 Rennes, France.

|| Present address: Biomedical Sciences Research Building, UCLA,
Los Angeles, CA 90095.

¥ Published ahead of print on 13 April 2009.

3413

mono- and dimethylation of H3K4 (H3K4mel, me2) restricting
the recruitment and the chromatin remodeling activity of the
pioneer factor FoxAl, required for ERa binding, in a lineage-
dependent manner, while levels of H3K9me2 are elevated on
nonfunctional enhancers (15, 25, 40).

Despite these epigenetic constraints, RNA polymerase II
(Pol II) and ERa together are recruited to more than 9,000
independent high-confidence (false discovery rate [FDR], 1%)
sites across the genome of breast cancer cells upon E2 stimu-
lation (7). Studies limited to a small number of ERa target
sites have implicated coactivators, such as the coactivator as-
sociated arginine methyltransferase 1 (CARM1), in the E2
response (22). As they are recruited to ERa binding sites,
coactivators allow for a series of posttranslational modifica-
tions on histones and other coactivator proteins in order to
facilitate chromatin remodeling and cycling of the transcrip-
tional unit essential for the E2 response (41, 57). In the case of
CARMLI, this involves dimethylation of arginine residues on
histone H3 as well as on the coactivator AIB1 (8, 48). In
addition, recent studies in Drosophila have revealed the dom-
inant presence of poised Pol IT at promoters of genes involved
in the response to stimuli and developmental signals (47, 69).
In the present study, we investigated the impact of CARM1
coactivator’s activity on ERa binding sites and of Pol II at
promoters in the transcriptional response to E2 through ge-
nome-wide positional analyses in human breast cancer cells.

MATERIALS AND METHODS

ChIP-microarray preparation. Cells were hormone deprived for 3 days in
phenol red-free medium (Invitrogen) supplemented with 10% charcoal dextran-
treated fetal bovine serum. Cells were stimulated with the estrogen 17B-estradiol
(1078 M) for 45 min and cross-linked by using 1% formaldehyde. Samples were
sonicated (Fisher Sonic Desmembrator, model 500) and immunoprecipitated, as
previously described (40), using an antibody against histone H3 arginine 17
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FIG. 1. Establishing classes of enhancer-rich clusters under E2 treatment. (A) Cluster analysis according to the binding activity for the
transcription factor ERa, the pioneer factor FoxAl, the mark of CARM1 activity (an antibody raised against dimethylation of arginine 17 on
histone H3), and Pol II across the 25,416 high-confidence regions recruiting at least one factor from all analyzed cistromes established through
unbiased genome-wide ChIP-on-ChIP in MCF7 breast cancer cells (E2, E2 treated for 45 min; O, vehicle treated). (B) Genomic distribution of
binding sites found in each cluster with regard to the TSS of known genes using the cis-regulatory element annotation system (28). (C) Average
MAT scores of ERa and FoxAl and the difference in CARMI activity between E2-treated and control MCF7 cells in each cluster. The average
MAT score signal for ERa or FoxAl for the various clusters significantly different from a 1.5 average MAT score is presented. Similarly, the
average change in CARMI activity MAT score significantly different from 1 between E2- and vehicle-treated cells is presented. *, P < 0.05; #x*,
P = 0.01; *%*, P = 0.001. (D) Half-ERE and Forkhead (FKH) motif enrichment in sites from each cluster.

dimethylated (H3R17me2; Upstate Biotechnology, 07-214) and Pol II (Abcam, program (MAT) (30). All ChIP-on-ChIP data used in the present study can be
4H8; Santa Cruz Biotechnology, H-224). Purified samples were labeled as pre- accessed at http://research.dfci.harvard.edu/brownlab/datasets/.

viously described (6). The microarrays used were Affymetrix GeneChip Human Cluster analysis. We generated a set of genomic intervals derived from the
Tiling 2.0R Array Sets. Genome-wide chromatin immunoprecipitation (ChIP)- union of all high-confidence sites associated with either ERa, FoxAl, or CARM1

on-ChIP analysis was conducted by using a model-based analysis of tiling-arrays activity or Pol II. Next, we assigned the score to each interval for each factor as
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FIG. 2. E2-induced CARMI1 activity at ERa sites associates with activating events. (A) Level of recruitment for the coactivators p300 and SRC1
under vehicle (O) or E2 treatment established by ChIP-qPCR on eight ERa sites associated and eight not associated with CARM1 activation in
MCEF?7 breast cancer cells. (B) Levels of histone modifications, namely, H3K18ac, H3K27ac, and H4K12ac, were determined as in panel A.
(C) Impact of E2 treatment on nucleosome density. The changes in occupancy of the core histone H3 were determined by ChIP-qPCR as in panel
A. Alterations to the DNA accessibility were determined by using FAIRE (21). The results are derived from a minimum of two independent

experiments. *, P < 0.05; #%, P < 0.01; %, P < 0.001.

the maximum MAT score falling within the interval for the given factor. For each
factor MAT scores were trimmed at the 2.5 and 97.5 percentiles and scaled to lie
between 0 and 1. Genomic regions were clustered by using k-means clustering.

Sequence analysis. Genome-wide distribution as well as sequence conserva-
tion analysis of H3R17me2 chip-on-chip was determined by using cis-element
annotation systems (28). Enriched motifs within clusters as well as the associa-
tions with gene expression were analyzed as described previously (40).

ChIP assays. At 2 to 3 days before induction, MCF-7 cells were seeded in
phenol red-free Dulbecco modified Eagle medium supplemented with 10% char-
coal-dextran-treated fetal bovine serum (Omega Scientific, Inc., Tarzana, CA), 2
mM L-glutamine, and 100 U of penicillin-streptomycin/ml at a density of 5 X 10°
cells per 150-mm plates. Cells were subsequently induced with 108 M E2 for 45
min. ChIP experiments were then performed as described previously (16). An-
tibodies to ERa (Lab Vision, Ab-10; Santa Cruz Biotechnology, sc-543),
H3R17me2 (Upstate Biotechnology, 07-214), H3K18ac (Upstate Biotechnology,
07-354), H3K27ac (Upstate Biotechnology, 07-360), H4K12ac (Upstate Biotech-
nology, 07-595), H3 (Abcam, ab1791), p300 (Santa Cruz Biotechnology, sc-585),
and SRC1 (Santa Cruz Biotechnology, sc-8995) were used for this assay. Purified
DNA was used in quantitative PCR (qPCR) analysis. The primers used in this
analysis are listed in Table S1 in the supplemental material. Immunoprecipitated

DNA amounts were normalized to inputs and are expressed as the relative
enrichment.

FAIRE analysis. Formaldehyde-assisted isolation of regulatory elements
(FAIRE) was performed as described in reference 21. The primers used in this
analysis are listed in Table S1 in the supplemental material.

RESULTS

Distinct enhancer-rich clusters characterize genomic ER«x
recruitment. In order to better characterize the impact of co-
activator action on the ERa cistrome upon E2 stimulation, we
have established the relative level of CARMI1 activity across
the genome of MCF7 breast cancer cells. This was achieved
through ChIP studies combined with whole-genome tiling-path
microarrays (ChIP-on-ChIP) using an antibody that recognizes
exclusively sites of CARM1-dependent arginine methylation,
including histone H3 dimethylated on arginine 17 (H3R17me2)
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FIG. 3. Clusters associated with CARMI1 activation drive the response under E2 treatment. (A) Proportion of E2 upregulated genes compared
to nonregulated genes with at least one binding site from a specific cluster within increasing window distances from their TSS in MCF7 cells. *,
P = 0.05; #*, P = 0.01; #*%, P = 0.001. (B) GPER and TESK2 expression after CARM1 silencing in MCF7 was determined by reverse
transcription-qPCR and revealed the requirement for CARM1 in the E2-induced repression of GPER and TESK2. siLUC was used as a control.
*, P = 0.05; *%, P =< 0.01; *%*, P < 0.001. (C) Enrichment of Ec3 cluster sites (blue blocks) near GPER and TESK2 E2-downregulated target

genes (red blocks).

and the CARMI1-dependent arginine methylation of AIB1 (see
Fig. S1 and S2 in the supplemental material) (9, 48, 67). More
than 4,088 and 4,461 high-confidence sites were identified be-
fore and after E2 stimulation, respectively (FDR, 6%) (see Fig.

S1A and B in the supplemental material). Interestingly,
CARMLI activity was found predominantly (94.1%) at regions
far from known promoters (see Fig. SIC in the supplemental
material). The Pol II cistrome was also determined in the
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defined ERa-positive primary breast tumor overexpressing gene signatures (blue) were compared using an Oncomine Concepts Map to the five
enhancer clusters (red) derived gene lists. Odds ratios (OR) are presented when clusters are significantly associated with independent primary

breast cancer overexpression gene signatures (P < 6e°).

absence of E2 to address the role of promoter-associated fac-
tors in this system (see Fig. S3 in the supplemental material).
As anticipated, of the 7,420 high-confidence sites (FDR, 5%)
recruiting Pol II, 55.4% were recruited within 1 kb upstream of
annotated transcription start sites (TSS) (see Fig. S3A to C in
the supplemental material).

To establish the contribution of CARM1 activation and Pol
II recruitment to E2 signaling, we combined our newly derived
cistromes with previously published cistromes for FoxAl in the
presence or absence of E2, as well as ERa and Pol II in
E2-treated MCF7 cells (7, 40). We first established the binding
activity as determined by MAT score (29) for all factors across
the 25,416 high-confidence regions recruiting at least one of
these factors in MCF7 cells. The use of k-means clustering
revealed five enhancer-rich clusters and two promoter-rich
clusters (Fig. 1A to C). Interestingly, each cluster consisted of
sites demonstrating high sequence conservation across verte-
brate species (see Fig. S4 in the supplemental material). ERa
was most significantly recruited after E2 stimulation to clusters
Ecl (23% of the 5782 ERa high-confidence sites) and Ec3
(47% of the 5782 ERa high-confidence sites), with <2.6% of
the high-confidence sites found at promoters (Fig. 1A and C).
The previously reported sites of FoxAl recruitment favoring
ERa binding were found predominantly in cluster Ecl but not
Ec3 (Fig. 1A and C). Correspondingly, both cluster Ecl and
Ec3 were highly enriched for the ERE half-site motif, while the
Forkhead motif was only enriched in cluster Ecl (Fig. 1D). In
addition, both clusters demonstrated E2-induced CARMI1 ac-
tivity as measured by the MAT score (Fig. 1A and C and see
Fig. S5 in the supplemental material). Cluster Ec2 consisted of
sites found at <2.1% of promoters where FoxA1l was strongly
recruited but where ERa had low binding activity (Fig. 1A to
C and see Fig. S5 in the supplemental material). Accordingly,
the Forkhead motif was enriched in this cluster, while the ERE
half-site motif was not significantly enriched (Fig. 1D). In ad-
dition, CARM1 activity was not induced on sites from this
cluster following E2 stimulation (Fig. 1A and C and see Fig. S5
in the supplemental material). Finally, sites from the enhancer-

rich clusters Ec4 and EcS, with <6.1% of sites at promoters,
did not demonstrate strong ER«a recruitment. However, sites
from cluster Ec4 but not Ec5 associated with FoxA1l binding.
In addition, ligand-independent CARMI1 activity was associ-
ated with cluster Ec5 independently of E2 stimulation (Fig. 1A
and C and see Fig. S5 in the supplemental material). Globally,
these data reveal that various classes of regulatory elements
are established under E2 stimulation, and those associated
with ERa and FoxAl recruitment, as well as CARM1 activity,
are found predominantly in enhancer regions across the ge-
nome.

E2-induced CARM1 activity associates with coactivator re-
cruitment, histone modifications, and chromatin opening. A
common feature of sites from clusters Ecl and Ec3 predomi-
nantly involved in the E2-mediated regulation of gene expres-
sion is their association with the induction of CARMI1 activity
after E2 treatment (Fig. 1A and C). In order to better char-
acterize the active state of these enhancer regions, we investi-
gated the level of coactivator recruitment and histone modifi-
cations after E2 treatment. Sites recruiting ERa and associated
with CARMI1 activity significantly recruited other coactivators,
such as p300 and SRC1, under E2 stimulation (Fig. 2A and see
Fig. S6 in the supplemental material). Similarly, histone mod-
ifications, such as acetylation of lysine 18 or 27 on histone H3
(H3K18ac, H3K27ac), as well as on lysine 12 of histone H4
(H4K12ac), were significantly induced by E2 on these same
sites (Fig. 2B). ERa binding sites not associated with the in-
duction of CARMI activity did not demonstrate any significant
induction of coactivator recruitment or histone modification
under E2 treatment (Fig. 2A and B). It is noteworthy that ER«
binding sites undergoing coactivator recruitment and histone
modifications after E2 treatment also associated with E2-in-
duced chromatin opening measured by histone H3 density or
extractability by FAIRE (21) (Fig. 2C). Considering that 30%
of ERa binding sites are not associated with clusters Ecl or
Ec3 typified by E2-inducted CARMI1 activity, our results reveal
that the specific transcriptional response to E2 is in part de-
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FIG. 5. Cell-type specific coactivation of ERa binding sites associates with the transcriptional response. (A) Relative expression of PDK4 and
FasL genes after E2 treatment for 3 h in MCF7 breast cancer and U20S/ERa cells. (B) Relative enrichment of ERae and CARM1 activity
established by ChIP in both MCF7 and U20S/ERa cells after E2 treatment at the PDK4 and FasL enhancers.

pendent on the selective activation of a fraction of sites re-
cruiting ERa.

CARML1 activation on ERa binding sites drives the tran-
scriptional response to E2. In order to address the role of the
various enhancer-rich clusters in gene regulation, we estab-
lished the proportion of genes regulated after 3 h of E2 treat-
ment versus nonregulated genes with at least one binding site
from a particular cluster within increasing window distances in
kilobases from the TSS. This revealed a significant enrichment
of E2 upregulated genes over nonregulated genes with regard
to sites from clusters Ecl, Ec2, and Ec3 from various window
distances from the TSS, as far as 160 to 320 kb for both Ecl
and Ec3 (Fig. 3A). Hence, our results suggest that the subset of
the ERa cistrome subject to CARM1 activation upon E2 treat-
ment, whether strongly or weakly associated with FoxA1l bind-
ing, is responsible for E2-mediated gene induction. Thus, the
previously suggested role for CARMI1 in mediating the E2
response (19, 67) is due to its activity at enhancer regions
defined by a specific subset of the ERa cistrome. Interestingly,

genes downregulated after E2 stimulation were significantly
enriched over nonregulated genes near sites primarily from
cluster Ec3 that could be as far away as 160 to 320 kb (Fig. 3A).
Accordingly, silencing CARM1 (see Fig. S2A in the supple-
mental material) significantly prevented the E2-mediated re-
pression of GPER and TESK2 (Fig. 3B and C). Hence, this
finding suggests a predominant role for ERa sites associated
weakly or not at all with FoxA1 and undergoing ligand-depen-
dent CARM1 activity in E2-mediated gene downregulation.
In order to address the physiological relevance of the differ-
ent clusters, we compared the list of genes with a binding site
from a particular cluster within 20 kb of their TSS to the top
genes coexpressed with ERa in primary breast tumors from 20
independent studies (4, 10, 13, 20, 23, 26, 27, 43, 44, 50, 51, 54,
55, 60-62, 64-66, 68, 70). Remarkably, genes coexpressed with
ERa defined in 19 out of the 20 independent studies were
highly associated (odds ratio = 3) with sites from Ec1 within 20
kb of their TSS (Fig. 4). Less significant association (odds ratio
between 2 and 3) between ERa coexpressed genes and sites
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typical of clusters Pc1P™™, Pc2P™™ or PcNullP™™. (C) Enrichment of E2-downregulated versus nonregulated genes with at least one promoter of
the Pc1P™™, Pc2P™™ or PcNullP™™ cluster within increasing window distances from the genes’ TSS. (D) Specific examples of E2 downregulated
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or PcNullP™™ measured by FAIRE-ChIP. %, P = 0.05; **, P = 0.01; ***, P = 0.001.

from Ec2 and Ec3 was also detected in 2 out of the 20 inde-
pendent expression profiles from primary breast tumors (Fig.
4). Hence, these results further support the predominant reg-
ulatory role of sites from cluster Ec1 and less significantly from
clusters Ec2 and Ec3 in the establishment of the phenotype of
ERa-positive breast cancers.

Further evidence for the association between sites of ERa
recruitment and their activation to mediate transcriptional
program originates from the comparison of the MCF7 breast
cancer and U20S osteosarcoma cell lines. Indeed, E2 treat-
ment in both cell lines allows for the recruitment of ERa to a
number of common sites (34). Interestingly, the transcriptional
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FIG. 7. Model for the selection of functional and active enhancer sites in response to estrogen stimulation in breast cancer cells. A schematic
representation of the transcriptional response to E2 stimulation in breast cancer cells is shown. The functional association between ERa recruiting
sites undergoing coactivator (CoA) recruitment/activation and histone modifications with transcriptional regulation of the gene harboring Pol II
at their promoters both prior to and after E2 stimulation is depicted. Sites of ERa recruitment not associated with these secondary events do not

significantly impact E2-induced regulation of gene expression.

program is cell line specific (34). For instance, PDK4 and FasL
are two U20S-specific E2-induced genes (Fig. 5A). Although
ERa gets recruited to the PDK4 and FasL enhancers in both
cell lines, they are coactivated only in U20S cells (Fig. 5B).
These results suggest that ERa recruitment associates with
coactivation in order to mediate gene expression.

Pol II occupies the promoter of E2 regulated genes prior to
stimulation. To address how different components of the tran-
scriptional response to E2 signaling impact promoter activity in
breast cancer cells, we performed k-means clustering on the
25,903 RefSeq gene promoters as described for Fig. 1A. Three
distinct clusters could be defined (Fig. 6A). The first promoter
cluster (Pc1P*™) consisting of 4,846 sites revealed strong Pol 1T
recruitment both prior to and after E2 stimulation and no
significant recruitment of ERa, FoxAl nor evidence of
CARMI activity (Fig. 6A). Similarly, the 7,316 promoters
found in the second cluster (Pc2P™™) were specifically en-
riched for Pol II both prior to and after E2 stimulation, albeit
at lower levels than on sites from Pc1P™™ (Fig. 6A). Finally,
13,741 promoters (PcNullP*™) in MCF7 cells were not signif-
icantly associated with the recruitment of Pol II, ER«, FoxAl,
or CARMI activity (Fig. 6A). Interestingly, more than 47% of
promoters were associated with sites from either Pc1P™™ or
Pc2Pr™; hence, with Pol II occupied promoters prior to E2
stimulation (Fig. 6A and B and see Fig. S7A in the supple-
mental material). Strikingly, more than 85% of the E2 upregu-
lated and 74% of E2 downregulated genes had a promoter
typical of either cluster Pc1P™™ or Pc2P™™ (Fig. 6B and see
Fig. S7TA in the supplemental material). Furthermore, down-

regulated genes were typically found in the regions of Pol II
unoccupied promoters (Fig. 6C and D). In agreement with this,
the promoters of genes surrounding downregulated genes were
found in condensed chromatin measured by FAIRE (Fig. 6E)
(17). This suggests that stimulus-dependent gene regulation is
predominantly dependent on receptive promoters as defined
by the presence of Pol II prior to stimulation and on the state
of promoter occupancy in neighboring genes.

DISCUSSION

The selective utilization of enhancer regions and promoters
is central to the establishment of lineage-specific transcrip-
tional programs and stimuli specific responses. Exploiting the
E2 signaling pathway, we have combined the cistromes from
different components of a transcriptional response, namely,
the pioneer factor FoxAl, the transcription factor ERa, a
marker of the activity of the coactivator CARM1, and Pol II.
Our results reveal that FoxAl-dependent and -independent
ERa sites coactivated upon E2 treatment are predominantly
driving the response to E2 in breast cancer cells (Fig. 7).
Hence, the specific transcriptional program associated with E2
stimulation is not only dependent on the restricted genomic
recruitment of ERa but also on the activation of a selected
number of binding sites associated with coactivator recruit-
ment and histone modifications. This is in agreement with the
central role of coactivators in the response to E2 in both cell
lines and mouse models (19, 46, 59, 67). Interestingly, our
results also reveal an association between ERa binding sites
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displaying E2-induced CARMI activity and gene repression.
As we previously suggested, squelching and/or displacement of
transcriptional units with greater regulatory capacities could
account for this association (7). In addition, we demonstrate on
a genome-wide scale that enhancers located as far as 160 to 320
kb from the TSS of the E2 target genes mediate the transcrip-
tional response. This is in accordance with previous studies
revealing the intrachromosomal interactions required for op-
timal transcriptional response upon E2 stimulation in MCF7
cells (6, 12). Considering the commonality of such long-range
interactions between promoters and enhancers (38, 49, 63),
defining how these are established on a genome-wide scale is
of fundamental importance.

Furthermore, we show that Pol II promoter occupancy is
typical of E2 responsive genes in MCF7 breast cancer cells that
are both up- and downregulated. This is reminiscent of studies
in Drosophila revealing the contribution of stalled or poised
Pol II at the promoter of genes involved in the response to
stimuli and developmental signals (47, 69). It also parallels
previous work revealing Pol II at the promoter of unexpressed
genes (2, 24, 31-33, 53). It is consistent with the concept of Pol
II foci in the nucleus known as transcription factories that
remain intact in the absence of transcription (45). In fact,
postrecruitment regulation of Pol II was recently revealed to
be central for the rapid signaling response to estrogen (33).
Interestingly, we identified a difference between the genomic
environments of E2 up- versus downregulated genes. Indeed,
although Pol II typically occupies the promoter of E2 down-
regulated genes, the promoters of surrounding genes tend to
be deprived of Pol II. Hence, the transcriptional response is
dependent on the presence of a receptive promoter typified by
Pol II occupancy prior to stimulation.

Globally, our results reveal that the specificity of the tran-
scriptional response to E2 stimulation is dependent on the
interplay between receptive promoters occupied by Pol II prior
to stimulation and subclasses of ERa enhancers associated
with E2-induced coactivator activity. Considering the unique
expression profiles associated with ERa activation under dis-
tinct stimuli (11, 14), it remains to be established whether
distinct subclasses of the ERa cistrome will be involved in
these responses as well.
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