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Abstract
The progesterone receptor (PR) interacts with chromatin in a highly dynamic manner that requires
ongoing chromatin remodeling, interaction with chaparones and activity of the proteasome. Here
we discuss dynamic interaction of steroid receptor with chromatin, with special attention not only
to PR but also to the glucocorticoid receptor (GR), as these receptors share many similarities
regarding interaction with, and remodeling of, chromatin. Both receptors can bind nucleosomal
DNA and have accordingly been described as pioneering factors. However recent genomic
approaches (ChIP-seq and DHS-seq) show that a large fraction of receptor binding events occur at
pre-accessible chromatin. Thus factors which generate and maintain accessible chromatin during
development, and in fully differentiated tissue, contribute a major fraction of receptor tissue
specificity. In addition, chromosome conformation capture techniques suggest that steroid
receptors preferentially sequester within distinct nuclear hubs. We will integrate dynamic studies
from single cells and genomic studies from cell populations, and discuss how genomic approaches
have reshaped our current understanding of mechanisms that control steroid receptor interaction
with chromatin.

Introduction
The progesterone receptor (PR) belongs to the steroid receptor family of transcription
factors. In the absence of ligand it is restricted from chromatin interaction through
interaction with specific chaperone proteins (Botos et al., 2004). Binding of ligand results in
phosphorylation of the receptor and strong nuclear localization, where the receptor engages
the chromatin embedded genome to bind specific DNA response elements. DNA bound
receptors recruit transcriptional co-regulator complexes though direct protein-protein
interaction. These complexes in turn modify the chromatin status and facilitate auxiliary
transcription factor and co-regulator recruitment, thus promoting either activation or
repression of target genes.

PR manifests a high sequence homology with other steroid receptors, mineralocorticoid
receptor (MR), glucocorticoid receptor (GR) and androgen receptor (AR). The DNA binding
domain in particular has very high sequence conservation, and these receptors bind to very
similar DNA elements, with the general consensus ACANNNTGT (Bain et al., 2007).
Although the genome harbors hundreds of thousands of DNA sequences that resemble this
consensus sequence, only a few thousands of these sites are occupied by receptor in a given
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cell type at a given time (John et al., 2011). The structure of chromatin presents a barrier for
transcription factor access to DNA. Thus, in addition to the recognition of DNA sequences,
the organization of chromatin at specific DNA elements in the genome is believed to be a
major contributor to specific transcription factor accessibility of the genome (Jiang and Pugh
2009).

The structural core of chromatin consists of a nucleosome with ~146 bp of DNA wrapped
around a histone octamer containing two each of H2A H2B H3 and H4 (Luger et al., 1997).
H1 occupies the linker DNA between nucleosomes and further condenses chromatin (Bustin
et al., 2005). Histones are heavily modified by acetylation methylation ubiquitination
sumolation phosphorylation and glycosylate, and the pattern of modification correlates with
the accessibility of chromatin and the transcriptional potential of nearby genes(Campos and
Reinberg, 2008; Li et al., 2007). Histone modifications are catalyzed by a large number of
protein complexes, which are recruited to chromatin by direct protein-protein interactions
with transcription factors, and through high affinities for specific histone modifications
(Campos and Reinberg, 2008; Bartke et al., 2010). Moreover nucleosomes can be modified
by incorporation of histone variants (Talbert and Henikoff, 2010) and reorganized by
chromatin remodeling enzymes (Wu et al., 2009). Finally DNA modification by methylation
has profound effects of the chromatin structure (Chodavarapu et al., 2010; Schubeler, 2009)
and affects transcription factor binding to DNA in a tissue specific manner (Rishi et al.,
2010). Collectively, modifications of the nucleosome and the DNA fiber contribute to local
chromatin accessibility.

When bound to agonist, steroid receptors such as PR, GR, and ER are able to bind
nucleosomal DNA (Sun et al., 1983) and cause local chromatin remodeling. GR and PR in
particular have been characterized as pioneering factors promoting recruitment of other
transcription factors to specific sites of the genome. When bound to DNA the steroid
receptor-DNA complexes are classically viewed as stable complexes with residence times of
several minutes, creating a persistent signal for gene transcription in the presence of agonist.
This model is typically based on chromatin immunoprecipitation (ChIP) experiments with
poor temporal resolution, averaging signals over large populations of cells. In contrast,
experimental systems using FRAP analysis on single cells, together with in vitro laser
assisted crosslinking, have shown that steroid receptor interactions with DNA are
considerably more dynamic. Receptors typically manifest residence times on DNA on a time
scale of seconds. Several molecular processes are thought to contribute to this rapid
mobility, including continuous remodeling of chromatin (Nagaich et al., 2004; McNally et
al., 2000; Rayasam et al., 2005). Here we discuss the dynamic interaction of steroid
receptors with chromatin, with special attention not only to PR but also to GR, as these
receptors share many similarities regarding interaction with, and remodeling of, chromatin
(Rayasam et al., 2005; McNally et al., 2000).

In recent years methods for genome wide identification of chromatin accessibility and
higher order chromatin structure have been developed. We also briefly introduce these
techniques, and discuss how studies using these methodologies have reshaped our
understanding of the mechanisms involved in steroid receptor access to chromatin.

The MMTV promoter as a model system
The mouse mammary tumor virus (MMTV) LTR has been widely used a model system for
steroid receptor mediated chromatin remodeling. When the LTR is reconstituted with
nucleosomes in vitro (Perlmann and Wrange, 1988; Pina et al., 1990; Venditti et al., 1998),
or stably introduced into the genome of replicating cells, it assembles in an ordered
nucleosomal structure containing six nonrandomly positioned nucleosome families
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designated A–F (Richard-Foy and Hager, 1987), interspersed by H1 occupancy of the linker
regions (Bresnick et al., 1992) (figure 1B). Each of these nucleosome positions is occupied
by a family of closely spaced octamers (Fragoso et al., 1998), referred to as a “frequency-
biased nucleosome distribution.” The LTR contains six hormone response elements (HRE)
located on nucleosome families B and C (Fletcher et al., 2002)(figure 1A). These elements
bind GR, PR, MR and AR, and the promoter is strongly activated by each of these receptors.
Moreover functional binding sites for Oct1 and NF1 have been reported, and binding of
these factors is essential for full MMTV activation by steroid receptors (figure 1A). In the
absence of steroid receptor agonists, MMTV chromatin structure is resistant to cleavage by
DNAsel and this closed chromatin conformation prevents binding of NF1, Oct1 and the
basal transcription machinery (Archer et al., 1992).

The nucleosome organization on DNA forms a barrier for transcription factor access by two
central mechanisms; the translational positioning of nucleosomes determines the DNA
compartment occupied by nucleosomes, whereas rotational positioning dictates sequences
accessible on the surface of the nucleosome. Steroid receptors, including PR and GR, are
able to occupy nucleosomal DNA (Perlmann and Wrange, 1988; Sun et al., 1983). Binding
is regulated by rotational positioning, wherein response elements positioned at the dyad and
180 degrees from the dyad are favorable (Li and Wrange, 1995). It is likely that PR initially
engages an accessible HRE (figure 1B), promoting initial remodeling that allows occupancy
of the other HREs (Pina et al., 1990). In contrast, NF1 binding is regulated by translational
positioning where binding sequences positioned in the nucleosome blocks NF1 occupancy
and DNA positioned in nucleosome free regions favor NF1 binding (Cordingley et al., 1987;
Archer et al., 1992) (Blomquist et al., 1996). This intrinsic difference between steroid
receptors and NF1 can be explained by the different DNA binding interface of the proteins.
Steroid receptors such as PR and GR bind a few bases at the same surface of the DNA helix
whereas NF1 engulfs both sides of the helix and some DNA recognition sequences is
evidently facing the nucleosomal core and restricted from NF1 interaction.

The molecular events followed by PR engagement with chromatin have been studied
extensively using the MMTV promoter (see Beato et al., this issue). In the absence of
hormone the MMTV promoter is retained in an inaccessible conformation through
occupancy of linker H1 and repressive complexes containing HP1 mediated by histone
modifications such as H3K9Me3 (Vicent et al., 2004). Shortly after hormone addition PR
interacts with activated Erk and Msk1, which phosphorylates PR. Ligand bound PR-P, Erk
and Msk1 subsequently interacts with response elements occupied by nucleosome B (Vicent
et al., 2006). This leads to a series of events where H3S10 is phosphorylated by Msk1, HP1
is displaced, H1 is evicted and H3K14 and H4K8 are acetylated (Koop et al., 2003; Vicent et
al., 2006). This facilitates SWI/SNF recruitment and subsequently chromatin remodeling
(Vicent et al., 2009), which produces a chromatin structure prone to DNAse I cleavage. The
structural transitions responsible for this increase susceptibility are likely to be quite
complex (Fragoso et al., 1995), but include remodeling nucleosome B and C (Fletcher et al.,
2000; Fragoso et al., 1998) and eviction of H1 from the chromatin template (Bresnick et al.,
1992). This collectively increases accessibility of auxiliary transcription factors such as NF1
and Oct1 (Lee and Archer, 1994). Once chromatin has been remodeled these factors act
synergistically with PR to maintain an activated MMTV (Vicent et al., 2010). These
accumulated events, and probably many more to be identified, attract the basal transcription
machinery. Disruption of remodeling enzymes in the SWI/SNF complex collapses many of
these events (Vicent et al., 2009) emphasizing the importance of chromatin remodeling
during PR mediated gene activation.
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Dynamic interaction with chromatinized MMTV
Transcription factors diffuse rapidly through the nucleus with frequent non specific
interaction with chromatin with retention times in the order of a few hundred ms. In this
scanning mode, a transcription factor will occasionally interact with specific accessible
binding sites and residence time is somewhat increased. By this so called genome scanning
mechanism activated transcription factors are able find and interact with specific target sites
within seconds after activation (Hager et al., 2009).

Accordingly, unliganded steroid receptors have been found to diffuse rapidly in the nucleus.
Upon ligand binding the receptors localize in subnuclear compartments (Htun et al., 1999;
Baumann et al., 2001; Prufer et al., 2000; Tomura et al., 2001). The widely employed
techniques of ChIP and chromatin accessibility have led to a model of steroid receptor
interaction with chromatin that visualizes relative stable complexes, with residence times of
minutes to hours, which in turn stimulate the assembly of a productive transcription
complex. A markedly different view of receptor action emerged with the ability to visualize
receptor action in living cells [the “green revolution” (Stearns, 1995)]. These techniques
now permit the characterization of receptor-chromatin interaction with very high temporal
resolution on a single cell level. The first identification of highly dynamic interaction of a
transcription factor with chromatin came from studies using a genome integrated array of
200 copies of the MMTV promoter (figure 1C).

This permitted for the first time real time kinetic analysis of factor residency times in living
cells, using photobleaching methods (fluorescence recovery after photobleaching, FRAP)
coupled with visualization of receptor binding to authentic response elements. It was shown
that GR (McNally et al., 2000) and PR (Rayasam et al., 2005) undergoes rapid exchange
(few seconds) between the nucleoplasm and the chromatin embedded MMTV promoter
array (figure 1C and D). Using similar strategies, other classes of transcription factors have
also been shown to interact with chromatin in a highly dynamic manner (Bosisio et al.,
2006; Sharp et al., 2006). Thus within the subnuclear compartment, steroid receptors
undergo a repeated and rapid association and disassociation from chromatin. The standard
technique of ChIP analysis, wherein a population of cells are crosslinked and analyzed, is
insensitive to this dynamic association with chromatin (Voss et al., 2006; Voss et al., 2009).
The ChIP signals obtained with this methodology represent population averages of the
highly transient binding events observed in living cells (figure 1E). Further time complexity
in receptor action occurs during the activation phase. Levels of promoter activity can
fluctuate on time scales of minutes to hours, a phenomenon designated “promoter
progression” (Voss et al., 2009; Hager et al., 2006). In a synchronized population of cells,
estrogen receptor interaction with chromatin has been shown to occur in waves separated by
a few minutes, which leads to cycles of co-regulator recruitment and chromatin remodeling
(Metivier et al., 2003)(figure 1E).

Dynamic interaction of receptor with chromatin requires energy (Elbi et al., 2004; Stavreva
et al., 2004), emphasizing that the dynamic processes of steroid receptor interaction with
chromatin are not explained by simple diffusion. During the process of chromatin
remodeling, PR is transiently retarded on the MMTV array (Rayasam et al., 2005),
suggesting that nucleosome remodeling is important for the dynamic interaction of steroid
receptor with chromatin in vivo. This is supported by studies of the MMTV promoter
reconstituted in vitro, where laser UV assisted crosslinking shows that GR periodically
interacts with the MMTV promoter (Nagaich et al., 2004). The binding event of GR is less
than one minute and coincides with an initial increased BRG1 recruitment, followed by
remodeling of nucleosome B and C, eviction of BRG1 and then loss of GR binding to the
chromatin template. Importantly, the periodically binding event of GR and BRG1 is
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dependent on BRG1 remodeling activity, highlighting a mechanistic link between active
chromatin remodeling and dynamic interaction between GR and chromatin. Rayasam et al
(Rayasam et al., 2005) also reported ligand specific effects on progesterone receptor
recruitment of remodeling activity in vitro that correlated with mobility observed in living
cells, further emphasizing the link between remodeling and receptor exchange. Finally,
binding of receptors such as GR to some endogenous promoters requires active BRG1
(Fryer and Archer, 1998; John et al., 2008) and genome wide binding to chromatin occurs
predominantly at DNAsel hypersensitive sites (DHS), a hallmark for disordered chromatin
structure.

In addition to active chromatin remodeling, chaparones and the proteasome also play an
important role in dynamic interaction of steroid receptors with chromatin. Chaparones such
as p23 and Hsp90 are recruited to steroid receptor responsive promoters and facilitate
disassembly of the receptor from chromatin (Elbi et al., 2004; Freeman and Yamamoto
2002). In agreement, inhibition of chaparones leads to stabilization of GR at MMTV array,
whereas addition of chaparones increases GR mobility in the nucleus. Likewise inhibition of
the proteasome leads to retention of GR at MMTV array, suggesting that chaparones and the
proteasome together with chromatin remodeling contributes to the highly dynamic assembly
and disassembly of steroid receptors on chromatin.

Steroid receptors preferably engage accessible chromatin
With the development of second generation sequence technology, techniques traditionally
used to characterize local chromatin structures have been optimized to precisely map
genome wide chromatin organization. Each of these techniques provides information on the
chromatin structure; however, due to technical differences they give rise to very different
interpretations of chromatin accessibility. Deep sequencing of MNase digested native or
crosslinked chromatin maps positions of nucleosomes. The DNAsel chromatin accessibility,
assay combined with massive parallel sequencing (termed DHS-seq or DNAse-seq),
identifies all accessible sites within the genome irrespective of nucleosome positioning.
Thus either nucleosome free or nucleosome “reorganized” regions (i.e PR binding sites in
MMTV promoter;) figure 2A), can be characterized on the global scale. DHS-seq typically
identifies ~100,000 accessible sites within the genome of mammalian cell lines and tissue
representing about ~2% of the genome, with most of the sites distributed within promoters
and intergenic regions (John et al., 2011; Bernstein et al., 2010). Importantly extensive
sequencing of the DHS’s to great depth can provide information of footprints of
transcription factors that occupy accessible sites and thus offer an unbiased approach to
identify regulatory proteins that maintains chromatin accessibility (Hager, 2010; Boyle et
al., 2010; Hesselberth et al., 2009).

Based upon studies of the MMTV promoter, PR and GR have traditionally been
characterized as pioneering factors that bind to chromatin embedded DNA, recruit
remodeling proteins, and facilitate binding of additional transcription factors. This model
was initially challenged by the observation that GR not only binds to inaccessible chromatin
but also to preexisting remodeled chromatin (John et al., 2008). This concept has been
further explored in genome wide studies combining DHS-seq with GR ChlP-seq (John et al.,
2011). Here it was shown that after ligand activation GR is bound primarily in the
preexisting accessible chromatin landscape. Only a fraction (10–15%) of GR binding takes
place within preexisting inaccessible chromatin. Binding of GR to the inaccessible
chromatin compartment leads to subsequent chromatin remodeling and increased
accessibility, leaving only a tiny fraction of the total GR binding sites inaccessible. Thus
occupancy of chromatin by GR is almost exclusively associated with chromatin remodeling
events. Importantly, DHS-seq revealed that the accessible genome is highly cell type
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specific and accordingly the genome wide GR binding profile between cell types is cell
selective. This important finding emphasizes that the accessible chromatin landscape is,
along with specific DNA sequences, a major determinant for cell type specific GR signaling.
Future studies using DHS-seq combined with ChlP-seq for other steroid receptors such as
PR in different cell types and tissue will reveal if this is a general phenomenon among the
nuclear receptor family.

Given that steroid receptors to a large extend occupy preexisting accessible sites in the
genome, it will be important to identify regulatory factors that maintain chromatin
accessibility. These preexisting factors are likely to contribute to specific binding of a
steroid receptor with similar sequence preference (i.e PR, GR, MR and AR) to sites in the
same cell type, and to determine cell specific binding profiles of a specific transcription
factor (figure 2B). Indeed de novo motif analysis of DNA sequences surrounding GR
binding sites identified by ChlP-seq from two different cell lines have indicated that API is
important for GR binding in one cell type and FOXA1 in another. Genome wide profiling of
GR in differentiating adipocytes have suggested that C/EBPbeta and STAT5 controls GR
binding specificity in adipocytes (Siersbaek et al., 2011; Steger et al., 2010). In agreement
with this concept, PR dependent activation of target genes in breast cancer cells has been
reported to be dependent on STAT5 (Subtil-Rodriguez et al., 2008) and NF1 (Vicent et al.,
2010), and FOXA1 has been shown to increase accessibility of the MMTV promoter
without the presence of steroid hormone, facilitating steroid receptor binding and hormone
dependent transcription (Belikov et al., 2009). A series of studies have described FOXA1 as
a pioneering factor for ER and AR binding to chromatin (Lupien et al., 2008; Wang et al.,
2007). The FOXA1 binding motif is enriched at ER and AR binding sites and FOXA1
genome wide occupancy highly correlates with ER and AR binding. Depletion of FOXA1
dramatically reduces ER occupancy and FOXA1 over expression can reprogram ER binding
(Hurtado et al., 2010). Moreover FOXA1 binding is different between cell types and highly
correlates with cell type specific binding of ER (Eeckhoute et al., 2006; Hurtado et al.,
2010). Concurrently during development, FOXA1 has been suggested to bind methylated
DNA, promote DNA demethylation and increase H3K4 methylation illustrating that FOXA1
is able to reprogram the chromatin status (Serandour et al., 2011).

A recent comprehensive study has addressed transcription factor cooperation during
drosophila development and found a staggering number of potential transcription factor
interactions at accessible sites of the genome (Negre et al., 2011), illustrating the biological
significance of multiple interaction between transcription factors at specific accessible sites
of the genome. Thus the accessible genome to which steroid receptors bind is established
during development and maintained by a variety of cell type specific transcription factors.
Genome wide interaction with specific transcription factors determine where in the genome
steroid receptors such as PR potentially will bind (figure 2B). Identification of these factors
will be crucial in order to fully understand tissue specific transcriptional regulation by PR.

Impact of chromatin 3D structure
Imaging of chromosome structures (Cremer and Cremer, 2001) and chromatin conformation
capture studies (Lieberman-Aiden et al., 2009) have shown that chromosome territories are
spatially organized in the nucleus, allowing long range (hundreds of kilobases)
intrachromosomal as well as interchromosomal interactions (Hakim et al., 2010). Gene rich
regions tend to be more internally localized compared to gene poor regions (Hepperger et
al., 2008) and transcriptionally active chromatin has been suggested to be localized in RNA
polymerase “factories” (Osborne et al., 2004). Several components contribute to these
subnuclear states, including structural proteins such as insulator binding factors (Splinter et
al., 2006; Lanzuolo et al., 2007), cohesin (Hadjur et al., 2009) and lamin (Guelen et al.,
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2008). Transcriptional components such as transcription factors [including steroid receptors
(Fullwood et al., 2009)], the mediator complex (Kagey et al., 2010) and polycomb
(Lanzuolo et al., 2007) have also been implicated in the regulation of chromatin spatial
organization, emphasizing that the transcription process is central for maintenance of
chromatin conformational structures.

Long range chromatin interactions can be identified by the chromatin conformation capture
(3C) assay which allows detection of interaction frequency between regions of interest
(Simonis et al., 2007). Combined with micro arrays or second generation sequencing, all
regions in the genome interacting with a specific region of interest (bait) can mapped (4C) or
(5C) at relative high resolution (Simonis et al., 2007). Another approach termed ChlA-PET
combines the conformation assay with ChIP to identify interaction frequency between
regions that are bound by a specific transcription factor of interest (Fullwood et al., 2009).

To date, a limited number of studies have analyzed the impact of steroid receptor activation
on chromosome conformation. One study, using ChlA-PET with ER found that ER bound
chromatin is organized in hubs around promoters of estrogen responsive genes (Fullwood et
al., 2009) through long range looping. Using the 3C method this study and others also
suggested that some of these long range intra-chromosomal interactions are dependent on
ER activation(Fullwood et al., 2009). Another study suggested that long distance
interchromosomal interactions are actively created after ER stimulation (Hu et al., 2008);
however these studies failed to be reproduced by others (Kocanova et al., 2010). The near
term resolution of this controversy is important to the field (Belmont, 2010).

In agreement with the Kocanova et al. observations, GR activation does not lead to
increased interaction frequency between long distance genomic regions (Hakim et al., 2009).
Interestingly, long range interaction regions are highly correlated with chromatin accessible
regions identified by DHS-seq. Studies using GR binding regions as bait (4C) suggest that
accessible GR binding regions are clustered in chromatin territories facilitating GR
recruitment (Hakim et al., 2011). Thus clustered accessible regions of chromatin provide a
sub environment that attracts activated transcription factors (figure 2C). Binding within
these regions increases recruitment of transcriptional co-regulators which change
transcription of nearby genes.

Conclusions and perspectives
Decades of studies using model systems such as the MMTV promoter have provided
profound knowledge on the mechanisms that control PR interaction with chromatin.
Importantly PR interacts with chromatin in a highly dynamic manner that is dependent on
chromatin remodeling, chaparones, the proteasome and occupancy of other transcription
factors such as NF1. In its role as an inducer of chromatin remodeling, it was originally
proposed that PR primarily functions as pioneering factor that facilitates the generation of
accessible chromatin for auxiliary transcription factors to bind. However, cutting edge
genomic based chromatin accessibility studies with the closely related steroid receptors GR
and ER have reshaped our understanding of chromatin binding. It is now clear that the
ability of steroid receptors to engage chromatin is determined to a great extent by preset
accessible chromatin states. These states are highly cell specific, and determine to a great
extent the tissue selectivity of receptor function. Future genomic studies of PR based model
systems will be essential to explore the role of these mechanisms in PR function.

Finally, studies on the subnuclear architecture of chromosome elements in mammalian cells
are rapidly moving to center stage. There are early indications that these organizational
patterns contribute to the genomic action of steroid receptors, and it is likely that these
mechanisms will be important for PR action as well.
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Figure 1. PR rapidly and dynamically interacts with the MMTV LTR
(A) Relative position of regulatory elements in the MMTV LTR. DNA elements reported to
bind PR Nfl and Oct are marked by blue, green and red respectively. (B) Relative position of
nucelosmes at reconstituted MMTV LTR. (C and D) Array of two hundred copies head to
tail MMTV LTR incorporated into chromosome four. Activated GFP tagged PR binds the
MMTV array and give rise to an intense fluorescence signal (marked by yellow arrow) that
can be detected in the nucleus above background. FRAP studies of GFP-PR bound MMTV
array show that PR dynamically interacts with the MMTV array with on/off rates in a matter
of seconds. (E) Integrative analysis of receptor occupancy of MMTV from single cells
correlates with ChIP analysis on a population of cells. Model shows alleles with a single PR
binding site from different cells in a cell population. After activation with hormone,
interaction frequency of receptor and binding site increases in the majority of cells in the
population. When a population of cells are analyzed by ChIP this dynamic interactions give
rise to a signal above background. When a population of cells are synchronized waves
spaced by minutes of receptor interaction with DNA can be detected. However at any time
when focusing on single cells the receptor rapidly interacts (seconds) with chromatin.
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Figure 2. Model illustrating mechanisms that contribute to specific PR interaction with
chromatin
(A) Dynamic receptor interaction with chromatin occurs almost exclusively at an accessible
chromatin conformation either at sites where nucleosomes are remodeled or at nuclesome
free regions. At regions of inaccessible chromatin the receptor scans for accessible sites but
binding is not observed. (B) Specific transcription factors determine receptor interaction
with accessible chromatin. Interaction with specific transcription factors (e.g. factor X) at
accessible chromatin regions facilitates receptor interaction. In contrast, at accessible sites
where other factors interact (e.g. factor Y and Z), receptor interaction with chromatin is not
necessarily favored. (C) Chromatin regions harboring steroid receptor specific binding sites
are clustered in sub-nuclear regions designated hubs. These hubs are enriched for accessible
chromatin and factors that maintain accessibility. Within these hubs, activation of receptor
by hormone leads to increased frequency of dynamic interaction with chromatin.
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