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Abstract: The androgen receptor (AR) is a transcription factor that drives the differentiation of prostate
epithelium by regulating the expression of several hundred genes. Conversely, AR also plays a central role
in prostate cancer (PCa) development, and it continues to be active in tumors that relapse after castration
(castration-resistant prostate cancer, CRPC). The transactivation function of AR has been extensively
studied, and AR can also function as a transcriptional repressor on a distinct set of genes, but the identity
of the AR regulated genes that are critical for PCa remain unclear. Moreover, the extent to which AR
acquires new functions during PCa development and progression remains to be determined. Recent studies
have highlighted the central role of chromatin structure and histone posttranslational modifications in
determining the spectrum of genes regulated by AR and all other transcription factors. While the role of
DNA methylation in the epigenetic regulation of gene expression is well established, it is now appreciated
that chromatin structure plays a central and dynamic role in the epigenetic regulation of gene expression.

The focus of this review is on AR interactions with chromatin and how they regulate AR function in PCa

development and progression.
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Introduction

The androgen receptor (AR) is a steroid receptor member
of the larger nuclear receptor family. It is comprised of a
large N-terminal domain (N'TD) that can strongly stimulate
transcription, a C-terminal ligand binding domain (LBD)
that has a weaker transactivation function, a central DNA
binding domain (DBD), and a short hinge region between
the DBD and LBD that mediates functions including
nuclear translocation. In the absence of androgen, the
AR associates with an HSP90 chaperone complex in the
cytoplasm. Similarly to other steroid hormone receptors,
in response to androgen binding the AR LBD undergoes a
conformational change that repositions helix 12 to generate
a binding site for coactivator proteins that contain LXXLL-
motifs (although this coactivator binding site in the AR
LBD binds initially to an LXXLL-like peptide in the AR
NTD). The liganded AR then forms a homodimer in the
nucleus and binds to regulatory regions of multiple genes
that are critical for prostate differentiation and for its
normal function. Significantly, the consistent expression
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of AR in prostate cancer (PCa), and its continued activity
in PCas that relapse after androgen deprivation therapy
(castration-resistant prostate cancer, CRPC), indicate that
at least a subset of these genes are also critical for PCa
development and progression. However, the identity of
the AR regulated genes that are critical for PCa remain
unclear, and the extent to which AR acquires new functions
during PCa development and progression remains to be
determined.

AR binding to DNA is mediated by its DNA binding
domain through recognition of a particular DNA sequence,
referred to as an androgen responsive element (ARE).
The AR then recruits multiple additional proteins that
can modify chromatin structure and ultimately recruit
and activate RNA polymerase II (Figure I). Although this
simple model is essentially correct, studies over the past
several years have revealed that each step is regulated by
multiple mechanisms involving large numbers of proteins.
In particular, the central role of chromatin structure and
histone posttranslational modifications in regulating the
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Figure 1 Model outlining steps mediating the progression from compacted chromatin to AR regulated gene expression.

functions of AR and all other transcription factors is being
elucidated. While the role of DNA methylation in the
epigenetic regulation of gene expression is well established,
it is now appreciated that changes in histone structure play
a central and dynamic role in the epigenetic regulation
of gene expression. The focus of this review is on the
role of histones in the regulation of AR function in PCa
development and progression.

Through chromatin immunoprecipitation (ChIP)
studies, coupled with massively parallel DNA sequencing
(ChIP-seq) methods, it has been found that AR binds to
thousands of sites in PCa cells and stimulates the expression
of hundreds of genes. The first section below focuses on
the role of chromatin structure in regulating AR binding to
DNA. The second section then outlines how AR stimulates
gene expression, with a focus on how it modulates
chromatin structure. The third section describes the role of
chromatin modifications in AR function as a transcriptional
repressor. The subsequent sections then focus on epigenetic
mechanisms that may alter the spectrum of AR regulated
genes during PCa development and progression. The final
section discusses possible therapeutic implications of AR
epigenetics.

Epigenetic regulation of AR binding to chromatin

The AR DNA binding domain can directly mediate AR
binding to AREs on naked DNA, but these sites are not
readily available iz vivo on compacted chromatin, which is
tightly wound around nucleosomes. In order for most sites

© Translational Andrology and Urology. All rights reserved.

www.amepc.org/tau

to become available for AR binding, the chromatin must
first be “opened”, and this is generally achieved by binding
of pioneer factors (1). Studies of steroid hormone receptors
including ER in breast cancer and AR in PCa have
established the central role of FOXALI as a pioneer factor
that binds initially to compacted chromatin and opens it for
subsequent transcription factors (2-5). This capability of
FOXA proteins is due to their structural similarity to linker
histones, which allows them to bind between nucleosomes in
compacted chromatin and locally open the chromatin (6,7).
ChIP-seq studies in PCa cells have established that FOXAL1
is associated with AR at most AR binding sites, and that
FOXAL1 is present at these sites prior to treatment with
androgen to stimulate AR binding. Further studies have
shown that these sites are DNAse hypersensitive, which is
indicative of a nucleosome free region, prior to androgen
treatment and AR binding (8,9).

Comparable results have been obtained for ER in breast
cancer cells, and FOXATI silencing by RNAI in breast
cancer cells globally suppresses ER binding and activity (10).
Interestingly, while FOXA1 silencing similarly impairs
AR binding to a large fraction of sites in PCa cells, many
sites are not affected and this also results in AR binding
to new sites (11,12). The physiological significance of this
observation remains uncertain, but it indicates that FOXA1
is not absolutely required for AR binding at all sites. It
is possible that some of these sites may be pioneered by
FOXA2, which is expressed during prostate development (13).
AR binding sites are also highly enriched for the GATA2
and OCT1 transcription factors, and GATA2 may have a
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pioneering function on a subset of genes (4,7,9). Interestingly,
FOXAI mutations have been identified in a subset of
advanced PCa (14,15). Therefore, modulation or alteration
in FOXAL is a possible mechanism that could contribute to
altering AR function in advanced PCa (see below).

In addition to FOXA1, AR binding sites are enriched for
nucleosomes in which lysine 4 on histone 3 has been mono-
or dimethylated (H3K4mel or H3K4me2) (3,8,16). A large
body of literature has now established that H3K4me2 (and
to a lesser extent H3K4mel) is specifically associated with
transcriptional enhancers, while H3K4 trimethylation
(H3K4me3) is associated with active promoters. Similarly
to FOXAI1, nucleosomes with the H3K4me2 mark are
present at AR binding sites prior to androgen stimulation,
and may contribute to the initial recruitment of FOXAI.
However, the precise interplay between H3K4 methylation,
FOXA1 binding, and likely other mechanisms in initiating
the opening of an AR regulated enhancer remain to be
clearly defined. Indeed, it is likely that this enhancer
opening is not rigidly controlled, and that a balance
between histone methylation, demethylation, and other
modifications determines its status. In particular, amongst
the many AR recruited proteins is a methyltransferase,
SET?9, that can methylate H3K4 and may thereby reinforce
an open chromatin state (17,18). In contrast, H3K4mel and
H3K4me2 can be demethylated by the histone demethylase
LSD1 (lysine specific demethylase 1, KDM1A), and it has
been shown that LSD1 overexpression can inactivate AR
regulated enhancers (19). Broader roles for LSD1 in AR
functions as a transcriptional enhancer and repressor are
described in subsequent sections below.

In contrast to H3K4 methylation that is generally
associated with active enhancers (H3K4me2) and promoters
(H3K4me3), methylation of H3K9 (H3K9me3) and H3K27
(H3K27me3) at promoters are strongly associated with
transcriptional repression. Mechanistically, H3K9me3 can
mediate interactions with proteins and long noncoding RNA
(IncRNA) that localize the gene to transcriptionally inactive
nuclear domains (20,21). AR has been found to interact with
and stimulate the expression of KDM4B, an enzyme that
can demethylate H3K9me3, and KDM4B can coactivate
AR transcriptional activity (22). This coactivation may in
part reflect H3K9me3 demethylation, but KDM4B also
functions through a nonepigenetic mechanism to decrease
the ubiquitylation and degradation of AR. In contrast to
H3K9me3, H3K27me3 recruits DNA methyltransferases
that methylate DNA, and can thereby mediate long-term
gene silencing. H3K27 methylation is mediated by the
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Polycomb Repressive Complex 2 (PRC2), with EZH2 being
the H3K27 methyltransferase in this complex. Previous
studies established a strong correlation between increased
EZH?2 expression and more aggressive PCa (23,24). This
correlation may reflect in part the progressive inactivation
of AR regulated and AR independent genes that mediate
differentiated functions and suppress growth. Indeed,
mutations in another enzyme that can demethylate H3K27
(JMJD3, KDMG6A) have been found in PCa, which may also
contribute to gene inactivation (15). However, EZH2 was
recently found to also function as an AR coactivator through
a mechanisms that was methyltransferase dependent, but
independent of PRC2 and H3K27 methylation (described
further below) (25).

Epigenetic mechanisms through which AR
stimulates gene expression

AR binds to enhancer sites that are generally distant
from the promoter, but AR at these sites interacts with
gene promoters by chromatin looping (26,27). A major
contributor to this looping is the large multiprotein Mediator
complex, a component of which interacts with AR (MED1)
while other components interact with and include RNA
polymerase II associated TATA binding proteins (28-31).
Mutations in a Mediator protein (MED12) have been found
in PCa, but the functional significance of these mutations
is not clear (14). Additional proteins, as well as IncRNAs,
likely contribute to the enhancer-promoter interaction.
Interestingly, this looping mechanism has also been
implicated in the generation of gene fusions occurring in
PCa, including the TMPRSS2:ERG fusion (32,33).
Perhaps the earliest event that can be detected in
response to AR binding is loss of a central nucleosome that
overlaps the AR binding site, which can be demonstrated
by ChIP and by an increase in DNase hypersensitivity,
and is also associated with stronger binding of flanking
nucleosomes (8,9). Interestingly, this central nucleosome
located over the ARE at many AR stimulated enhancers
contains the histone variant H2A.Z. This variant is also
loaded onto nucleosomes during DNA repair and results in
weaker nucleosome binding, which may facilitate the initial
binding of AR. The androgen liganded AR then mediates
the recruitment of multiple proteins that covalently modify
histones and associated proteins, protein complexes that
further unwind chromatin (primarily the SWI/SNF
complex), proteins that mediate interaction with the
promoter (see above), and ultimately enhance binding and
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activation of RNA polymerase II.

Many of the initially identified proteins recruited by AR,
including the p160 steroid receptor coactivator proteins
(SRC-1, 2 and 3), CBP and its close relative p300, and PCAF
have lysine acetyltransferase activity and function as histone
acetyltransferases (HATS), although it has become clear that
they can also acetylate many additional proteins. Acetylation
of lysines on histones may reduce their positive charge and
thereby weaken their interaction with DNA. Acetylation
at some sites may also prevent other modifications that
repress gene expression, such as acetylation of H2K27
that would prevent EZH2 mediated trimethylation and
gene silencing (see above). A further important function
for histone lysine acetylation is the recruitment of proteins
that contain bromodomains, which recognize acetyl-lysine
residues (34). One such protein is BRD4, which contains two
bromodomains and subsequently functions to recruit the
CDK9/cyclin T complex (positive transcription elongation
factor b, P-TEFDb) that phosphorylates RNA polymerase 11
to drive elongation (35,36). Interestingly, CDK9 can also
directly associate with and phosphorylate AR (37). Very
recent studies indicate that BRD4 may function primarily on
“super enhancers”, indicating that the AR-CDK®9 interaction
may play an important role in mediating interactions between
AR bound to the enhancer and the promoter (chromatin
looping, see above) for a subset of genes that are less
dependent on BRD4.

Changes in histone acetylation (mediated by HATs and
histone deacetylases, HDACs) occur rapidly and were
initially viewed as the major posttranslational modification
mediating the stimulation of transcription in response to
hormone stimulation. In contrast, histone methylation on
lysines was considered to function over a longer time frame
and modulate enhancer availability. However, with the
discovery of multiple enzymes that can demethylate histones,
it now appears that androgen stimulated methylation of
histone and nonhistone proteins also contributes acutely
to gene activation. AR recruits and is coactivated by
methyltransferases including the arginine methyltransferase
CARM1 (PRMT4) (38) and the lysine methytransferase
SET9 (17,18). CARMI1 methylates arginine 17 on histone
3 (H3R17me2), but also has nonhistone substrates including
SRC-3, and the precise basis for its AR coactivation
function remains to be determined (39). As noted above,
SET?Y is recruited by AR to AREs and can methylate H3K4,
and may thereby contribute to maintaining AR regulated
enhancers. However, SET9 can also methylate lysines in
the AR hinge region, which may enhance the interaction
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between the AR N'TD and LBD. This direct effect on AR
may account for SET9 coactivator function, but it will likely
have additional substrates that remain to be defined.

As indicated in the previous section, LSD1 was identified
initially as a demethylase for H3K4mel and H3K4me?2
(due to its catalytic mechanism, LSD1 can’t demethylate
trimethylated lysines) (40), and was found to be associated
with corepressor complexes (see below). However, it was
subsequently found that LSD1 also functions as a critical
coactivator for AR, as LSD1 inhibition or silencing by
RNAi markedly decreased androgen stimulated expression
of multiple AR regulated genes (41,42). Moreover, ChIP
studies have demonstrated binding of LSD1 to AR regulated
enhancers in these genes. Interestingly, while LSD1 can
interact directly with AR, LSD1 binding to these enhancers
(similarly to FOXA1 binding) is observed prior to androgen
treatment, indicating that other interactions are mediating
its recruitment. LSD1 may similarly be a coactivator for a
subset of other transcription factors including ER (43,44).

One mechanism that may contribute to LSD1 function
as a transcriptional coactivator is demethylation of
repressive mono- and dimethylated H3K9 (41). Moreover,
histone 3 phosphorylation may mediate a switch in the
substrate specificity of LSD1 from H3K4 on AR repressed
genes to H3K9 on AR stimulated genes. Specifically,
phosphorylation of histone 3 on threonine 11 (H3T11ph)
by protein kinase C-related kinase 1 (PRK1, PKN1) was
found to enhance the ability of LSD1 to demethylate
H3K9mel,2 (45). In contrast, phosphorylation of histone
3 on threonine 6 (H3T6ph) by protein kinase C 1 (PKC1)
was found to inhibit LSD1 mediated demethylation of
H3K4mel,2 (46). Significantly, both these kinases were
found to associate with AR and be recruited by AR to
androgen stimulated enhancers, supporting the model
that they mediate a switch in LSD1 substrate specificity
from H3K4 to H3K9. However, this switch is not absolute
as LSD1 mediates some degree of H3K4 demethylation
at androgen stimulated genes, and also mediates both
H3K4 and H3K9 demethylation at AR repressed genes
(see below) (47). Moreover, it is not clear whether alterations
in H3K4 and H3K9 mono- or dimethylation at enhancer
sites regulate transcription or are instead a consequence of
transcriptional activity. In any case, it is likely that further
mechanisms contribute to the coactivation function of
LSD1 on androgen stimulated genes, which may include
novel histone or nonhisotne substrates.

In addition to LSD1, AR has been reported to recruit the
H3K9me3 demethylase JMJD2C (KDM4C, also termed
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GASCI1) to the androgen stimulated PSA gene enhancer (42).
Moreover, JHDM2A (KDM3A), an H3K9mel,2 demethylase,
has been reported to be recruited to AR stimulated genes and
enhance their transcription (48). Therefore, in addition to
LSD1, additional histone demethylases may contribute to
AR stimulated H3K9 demethylation and transcriptional
activity.

Epigenetic mechanisms mediating AR repression
of gene expression

In addition to its well established function as a transcriptional
activator, AR can also decrease the expression of multiple
genes. For a subset of genes this decrease in expression is
due to AR binding and interference with other transcription
factors including SP1, RUNX2, JUN, and SMAD3 (49-51), or
with B-catenin (52-57). The agonist liganded AR also may
function more directly as a transcriptional repressor through
an epigenetic mechanism by recruiting corepressors that
mediate histone deacetylation, including ALIEN, DAX1,
HEY, AES, PHB, and SHP, although the role of these
corepressors in modulating specific AR regulated genes
remains to be determined (58-63).

In contrast to the ligand-dependent DNA binding by
steroid receptors, DNA binding by the larger family of
nonsteroidal nuclear receptors is ligand-independent and
these nuclear receptors generally function as transcriptional
repressors in the absence of ligand. This repression is
mediated by the corepressors NCoR and SMRT, which
are similarly associated with histone deacetylases. NCoR
and SNRT contain extended LXXLL-like motifs (CoRNR
boxes) that can bind to the unliganded coactivator binding
site in the LBD of nuclear receptors, but are displaced
after ligand binding. In contrast to other nuclear receptors
and steroid receptors, the androgen liganded AR can also
associate with NCoR and SMRT (64-67). This interaction
is probably through a distinct site on the AR N-terminal
domain, and downregulation of NCoR and SMRT can
enhance activity of the agonist liganded AR. Significantly,
the altered structure of the AR LBD generated by some AR
antagonists may enhance NCoR and SMRT binding and
contribute to antagonist activity (66-70).

Androgen mediated transcriptional repression also has been
linked to histone methylation via AR recruitment of EZH?2
and an increase in the EZH? catalyzed repressive H3K27me3
mark (71,72). Conversely, AR can function directly as a
transcriptional repressor through an interaction with LSD1
and histone demethylation (47). As outlined above, LSD1 can
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function as an AR coactivator, but it has been most extensively
characterized as a corepressor that demethylates mono- and
dimethylated lysine 4 on histone 3 (40). Consistent with this
corepressor function, LSD1 associates with AR on AREs
in many AR repressed genes and mediates demethylation
of H3K4mel and H3K4me2 in response to androgen (47).
Amongst these genes that are directly repressed by AR in
association with LSD1 are the AR gene itself, and genes
regulating androgen synthesis (AKR1C3 and HSD17B6),
which provides a negative feedback loop to regulate AR
signaling. Significantly, a large proportion of other AR
repressed genes are in pathways mediating DNA synthesis,
which may reflect a physiological function of AR to suppress
cell growth and drive differentiation (47).

LSD1 associates tightly with COREST (REST corepressor
1, RCORI), which may both stabilize LSD1 and stimulate
its H3K4 demethylase activity (73). LSD1 and CoREST,
in addition to proteins including HDACI and HDAC2,
are components of the BHC corepressor complex that
is recruited by the transcription factor REST to repress
expression of neuronal genes in non-neuronal cells (74).
LSD1 also is a component of another multiprotein
corepressor complex, the NuRD complex, which similarly
contains HDAC1 and HDAC2 (75,76). The JmjC family
histone demethylase JARID1B (KDMS5B), which can
demethylate H3K4me3 (associated with promoters) and
thereby generate the H3K4me2 substrate for LSD1, also has
been identified as a component of the NuRD complex (77).
LSD1 also may associate with additional protein or
protein complexes, such as SIRT'1 that mediates H4K16
deacetylation, or with IncRNA, to coordinately modity
chromatin structure and repress gene expression (78,79).
Therefore, AR transcriptional repression that is linked to
LSD1 may be driven by additional epigenetic mechanisms
mediated by multiple LSD1 associated proteins.

Epigenetic reprogramming of AR during PCa
development

Frequent fusions between the strongly AR regulated
TMPRSS?2 gene and the Ets family transcription factor ERG
gene, as well as additional fusions involving TMPRSS2
or other AR regulated genes, have established a genetic
mechanism through which AR acquires new functions
during PCa development (80). Several genes that may
be directly regulated by ERG have been identified, but
the precise mechanisms through which ERG drives PCa
development have not been clear (81,82). Recent studies

Transl Androl Urol 2013;2(3):148-157



Translational Andrology and Urology, Vol 2, No 3 September 2013

have identified epigenetic mechanisms through which ERG
may drive PCa development. One reported downstream
functions of ERG in PCa is to increase expression of
EZH?2, which may then mediate epigenetic gene silencing
through H3K27 methylation (82). ERG was also reported
to downregulate AR expression and transcriptional activity.

In contrast, studies in the TMPRSS2:ERG fusion
positive VCaP human PCa model showed that ERG
expression was increasing the number of genes that were
stimulated by androgen (83). The most critical ERG
dependent AR stimulated gene in VCaP cells was found to
be the SOX9 transcription factor. SOX9 regulates ductal
morphogenesis in fetal prostate and maintenance of stem/
progenitor cells in adult tissues (84-87). In genetically
engineering mouse models, SOX9 knockdown can impair
PCa development driven by MYC and SV40 T antigen (84),
while SOX9 overexpression in prostate on a Pren”
background results in high grade dysplastic lesions that can
progress to invasive PCa (83,88). Mechanistically, ERG
appears to be functioning as a pioneer factor by binding
to a site 3" of the SOX9 gene, with subsequent binding of
FOXAT1 and opening of an adjacent cryptic AR binding site.

These findings suggested that the oncogenic effects
of ERG in prostate specific ERG overexpression mouse
models may be mediated through a similar mechanism.
Indeed, a recent study showed that ERG expression in
mouse prostate, similarly to ERG in human PCa cells,
reprograms AR to stimulate the expression of multiple new
genes (89). However, SOX9 mRNA is not increased by
ERG overexpression in mouse prostate, which may account
for the weaker phenotype of transgenic ERG versus SOX9
overexpression in mouse prostate. Consistent with this
finding, the ERG and AR binding site identified at the 3'
end of the human SOX9 gene is not conserved in mouse (83).
Interestingly, while ERG does not directly increase SOX9
expression, a recent study suggests that it may indirectly
enhance SOX9 activity (90). In any case, these findings
taken together indicate that epigenetic reprogramming of
AR transcriptional activity contributes to PCa pathogenesis
in at least a subset of cases.

Epigenetic reprogramming of AR in advanced
CRPC

AR can also acquire new transcriptional activities by
epigenetic mechanisms in advanced CRPC. AR in an
LNCaP-derived CRPC cell line (LNCaP-abl) was found
to stimulate the expression of multiple genes that were not
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AR regulated in the parental LNCaP cells. The novel AR
transcriptional program in LNCaP-abl cells included multiple
M-phase cell cycle genes such as CDK1 and UBE2C, which
are also overexpressed in CRPC (19). Significantly, this was
not just secondary to increased proliferation, as ChIP-seq
studies showed that the androgen stimulated expression of
these genes in LNCaP-abl cells was associated with increased
AR binding to sites linked to these genes. There were also
increased levels of H3K4mel,2 at AR binding sites in these
genes, indicating that these AR regulated enhancers had been
opened by an epigenetic mechanism. Consistent with this
conclusion, overexpression of LSD1 could decrease H3K4
methylation and AR binding to these sites.

It is not yet clear whether a pioneer factor or other
specific mechanisms are initiating a precise new AR
transcriptional program in these cells, versus positive
selection leading to the gradual outgrowth of cells that
have activated genes mediating proliferation through a
variety of mechanisms. However, a recent study uncovered
a novel AR coactivator function for EZH2 in CRPC cells
that may contribute to AR reprogramming (25). As noted
above, EZH? is a histone methyltransferase associated with
the PRC2, and its increased expression is correlated with
higher grades and more advanced PCa. EZH?2 expression
is similarly increased in other cancers, which may reflect
progressive silencing of tumor suppressor genes through
H3K27 trimethylation. However, this study showed that
increased EZH2 in more advanced PCa was not associated
with increased H3K27me3. Instead, EZH2 in CRPC cells
was found to form a complex with AR that was recruited
to genes including CDK1 and UBE2C. Moreover, it
functioned as an AR coactivator by a methyltransferase
dependent mechanism that was distinct from its ability to
methylate H3K27 (25). This coactivator function of EZH?2
was dependent on AKT mediated phosphorylation of
serine 21 on EZH2. Phosphorylation of this site on EZH2
was shown previously to suppress its ability to methylate
H3K27. It is presumed that this AR coactivator function of
EZH?2 is mediated through methylation of other substrates,
which may include AR, but further studies are needed to
identify these alternative substrates.

While the above AR reprogramming appears to be
dependent on H3K4 methylation and FOXAI, the AR
transcriptional program may also be altered by a distinct
mechanism involving downregulation of FOXA1. Recent
studies found that FOXA1 downregulation by RNAi
caused the expected loss of many AR binding sites, but the
unexpected result was a large number of new AR binding
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sites (11,12). Consistent with their FOXA1 independence,
these new AR binding sites were not enriched for H3K4
methylation. However, they appear to be functional
enhancers based on production of short enhancer-templated
non-coding RNA (eRNA), and AR binding to a subset
could stimulate enhancer-promoter looping and gene
expression. Interestingly, motif analyses show that these
new AR binding sites are enriched for strong consensus
AREs, which may be important for FOXA1 independent
AR binding. Together these findings indicate that FOXAI,
while having an important role as a pioneer factor for AR
binding to a large number of genes, may also function to
suppress AR binding to another set of genes.

The clinical significance of these findings remains to
be determined, but it is intriguing that FOXAI mutations
occur in a subset of PCa and could be driving tumor
progression through this AR reprogramming mechanism.
Mutations in enzymes mediating H3K4 methylation, MLL2
(KMT2D) and MLL3 (KMT2C) have also been found in
PCa, and could possibly function in part by closing some
H3K4me2/FOXA1 dependent enhancers and redirecting
AR to FOXALI independent sites (14,15,91). Finally, recent
data indicate that AR splice variants lacking the LBD,
which are increased in CRPC, may regulate a distinct set of
genes that include genes driving cell cycle progression (92).
These findings could reflect novel interactions between AR
splice variants and EZH?2 or FOXA1, but further studies are

needed to determine their molecular basis (93,94).

Clinical implications of AR epigenetics

Current efforts to ablate AR focus on reducing androgen
synthesis and developing direct AR antagonists. However,
these approaches are not selective and instead broadly
suppress AR stimulated regulated genes, many of which do
not mediate tumor growth and some of which may suppress
tumor growth. Moreover, these therapies may also enhance
the expression of AR repressed genes. Data outlined in this
review show that the spectrum of genes regulated by AR is
not hard-wired, and that epigenetic modifications can have
a profound effect on the genes AR stimulates or represses.
Therefore, as an alternative approach, it may be possible to
develop agents that can epigenetically modify the spectrum
of genes the AR regulates, and possibly thereby enhance
its differentiation functions. Such approaches could be of
particular value for PCa prevention or for treatment of early
disease. However, a better understanding of the epigenetic
mechanisms regulating AR functions may be needed, and
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in particular it is not clear whether genes mediating specific
functions or pathways are controlled by distinct epigenetic
mechanisms. One possible approach to address this question
may be to further characterize AR function in other tissues
where AR clearly regulates distinct repertoires of genes, and
determine the epigenetic basis AR functions in these tissues.
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