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Abstract
BACKGROUND—Enhanced androgen receptor (AR) activity by increased testosterone availability
may play important roles in prostate cancer progressing to castration resistant state. Comparison of
expression profiles in androgen dependent and independent prostate tumors demonstrated a marked
increase of the expression of UDP-glucuronosyltransferase 2B15 (UGT2B15), an androgen catabolic
enzyme. We investigated mechanisms controlling the differential expression of UGT2B15 and B17
in response to androgen treatments.

METHODS—Gene expression was determined by RT-PCR. The association of AR with UGT2B15/
B17 genes was determined by Chromatin immuno-precipitation (CHIP). RNA interference was used
to knock-down gene expression.

RESULTS—UGT2B15 and B17 genes were not expressed in AR negative prostate cancer cell lines,
PC3 and DU145, while they were expressed in AR positive cell lines, LNCaP, LNCaP-abl (an
androgen independent LNCaP sub-line), and VCaP. The expression levels of UGT2B15/B17 were
up-regulated in LNCaP-abl comparing to those in LNCaP. These results suggest the requirement of
AR for the expression of UGT2B15/B17. Treatment with DHT down-regulated the expression of
UGT2B15/B17 in LNCaP in a time and dose dependent manner and this down-regulation was
competitively antagonized by flutamide and bicalutimide, suggesting a pathway mediated by AR.
Further CHIP experiments demonstrated the direct interaction of AR with the promoter regions of
UGT2B15/B17 genes. Knocking down AR expression in LNCaP significantly reduced the
expression of UGT2B15/B17 and completely inhibited the DHT-induced down-regulation of
UGT2B15/B17 genes.

CONCLUSIONS—We demonstrated that UGT2B15 and B17 are primary androgen-regulated
genes and AR is required for both their basal expression and their androgen-regulated expression.
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INTRODUCTION
Prostate cancer (PCa) is the most common noncutaneous malignancy in North American men
and the second leading cause of cancer death in this population. Androgen and androgen
receptor (AR) play crucial roles in PCa development and progression [1]. AR is a ligand-
activated transcription factor belonging to the nuclear hormone receptor super family. Upon
binding to androgenic ligands, AR is thought to dissociate from chaperone proteins, dimerize,
bind to androgen response elements (AREs) of target genes, recruit transcriptional
coregulators, and result in the either stimulation or repression of androgen–responsive genes’
transcription [1,2]. For many decades, androgen deprivation therapies have been used in the
treatment of PCa. Most patients are initially responsive to androgen deprivation but eventually
relapse with castration resistant PCa (CRPC).

Studies have shown associations between enhanced AR activity and progression to CRPC
[3–9]. Mechanisms that may stimulate or reactivate the AR transcriptional activity in CRPC
include: (1) increased AR expression, (2) AR mutations, allowing to interact with weak
androgens or other ligands, (3) increased expression of AR coactivators and activation of signal
transduction pathways (i.e., growth factor, receptor tyrosine kinase, and AKT pathways), that
enhance AR responses to low levels of androgens, and (4) increased testosterone uptake or
synthesis. Comparison of the expression profiles in androgen dependent and independent
prostate tumor cells demonstrated marked increases of AR expression level in CRPC tumor
samples and the increased expression of multiple genes involved in androgen synthesis
(including 3β-hydroxysteroid dehydrogenase 2, HSD3B2; aldo-keto reductase family 1
member C3, AKR1C3; type 1 5α-reducatse; SRD5A1) and catabolism (including aldo-keto
reductase family 1 member C2, AKR1C2; aldo-keto reductase family 1 member C1, AKR1C1;
and uridine diphosphate-glycosyltransferase 2 (UGT2) B15 (UGT2B15 [10,11])). The
increased expression of HSD3B2, AKR1C3, SRD5A1 implicates enhanced intracellular
conversion of adrenal androgens to testosterone (T) and dihydrotestosterone (DHT) as a
mechanism by which prostate cancer adapts to androgen deprivation. The increased expression
of AKR1C2, AKR1C1, and UGTB15 in CRPC presumably leads to a rapid catabolism or
inactivation of the DHT produced by 5α-reductase. AKR1C1 and AKR1C2 convert DHT to
the inactive 5α-androstane-3α,17β-diol, and 5α-androstane-3β,17β-diol, which are
subsequently glucuronidated via UGT2B15/B17 and eliminated into circulation. UGT2B17 is
also capable of directly glucuronidating both T and DHT [12]. The increased expression of
androgen catabolic enzymes in CRPC seems paradoxical, given that the increase of T and DHT
was implicated in cancer progression. To facilitate our understanding of the role of the regulated
expression of enzymes mediating androgen metabolism, we investigated potential mechanisms
underlying the differential expression of these enzymes using a series of prostate cancer cell
lines. Surprisingly, we found that AR is essential for the regulated expression of UGT2B15
and B17 genes.

UDP-glucuronosyltransferases (UGTs) encompass a family of enzymes that catalyze the
transfer of glucuronic acid from uridine 5′-diphosphoglucuronic acid to molecules with
functional groups of oxygen, nitrogen, sulfur or carbon and subsequently render the substrates
more water soluble, less toxic, and more easily excreted from the body [13]. These enzymes
play a key role in the clearance of many biologically active substrates. Members of the UGT2B
subfamily have a preference for glucuronidation of steroid hormones, bile acids, phenolic drugs
and carcinogens and they are highly expressed in the human liver, as well as extra hepatic
tissues, including kidney, prostate, mammary gland, and ovary. Two of them, UGT2B15 and
B17 were found as enzymes with particularly high activity for glucuronidation of androgenic
steroids including DHT, androstane-3α, 17β-diol (3α-Diol), and androsterone (ADT).
UGT2B15 is expressed in luminal cells of the prostate, where DHT is formed, whereas,
UGT2B17 is expressed in basal cells of the prostate, where dehydroepiandrosterone is

Bao et al. Page 2

Prostate. Author manuscript; available in PMC 2009 June 29.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



converted into ADT and 3α-Diol [14]. In addition to facilitating the excretion, glucuronidation
of androgens mediated by UGT2B15 and UGT2B17 in the prostate results in irreversible steric
hindrance of androgens and abolishes the affinity of androgens to AR [15,16]. UGT2B15 and
B17 are critical enzymes for the local inactivation of androgens. Knocking down UGT2B15
and B17 expression efficiently reduced the glucuronidation of DHT, 3α-DIOL and ADT, and
subsequently altered the expression of androgen dependent genes [17].

Expression of UGT2B15 and/or B17 can be modulated upon the treatment with androgens or
estrogens, though the involved regulatory mechanisms have not yet been previously reported.
UGT2B15 and B17 transcripts were down regulated in human PCa cells upon the treatment
with androgens or growth factors, and up-regulated in CRPC tumor cells derived from human
bone biopsies [18–20]. The UGT2B15 transcript is up-regulated by estrogen in estrogen
receptor-positive human breast cancer cell and in the CRPC LuCaP 35V xerographic cells
[21,22]. Our finding that AR controls the transcription of UGT2B15 and B17 explains the
differential expression of UGT2B15/B17 in response to changes in the level of androgen and/
or the status of AR expression. This control mechanism may represent a key function in the
homeostasis of androgens and androgen signaling processes in prostate cells.

MATERIALS AND METHODS
Cell Lines and Chemicals

LNCaP and LNCaP-abl cells were maintained in RPMI-1640 supplemented with 10% fetal
bovine serum (FBS) for LNCaP cells, 10% charcoal-stripped FBS for LNCaP-abl cells. PC3,
DU145, and VCaP cell lines were maintained in DMEM medium supplemented with 10%
FCS. DHT and flutamide were purchased from Sigma–Aldrich. Anti-AR (N20) antibody was
from Santa Cruz Biotechnology.

Real-Time Reverse Transcription Polymerase Chain Reaction (RT-PCR) and RT-PCR
Analysis

All total RNAs were isolated using the RNA isolation kit from Qiagen (RNeasy Mini). Real-
time RT-PCR analysis was performed as described previously [23,24]. Sense and antisense
primer sets for: AR, GTTGTGTAAGGCAGTGTC and CTCAGCAGTATC-TTCAGTG;
PSA, TGTGTGCTGGACGCTGGA and CACTGCCCCATGACGTGAT; UGT2B15,
TGGGAA-TATTATGACTACAG and AGGGGTTTGGCTGGTT-TAC; UGT2B17,
TGTGTTGGGAATATTCTGACTA-TAA and AGGGGTTTGGCTGGTTTAC; Actin, GT-
GGGGCGCCCCAGGCACCA and TGGGTCATCTT-CTCGCGGTT; GAPDH,
TCCACCCATGGCAAATTC and TCGCCCCACTTGATTTTGG; for both UGT2B15 and
B17, GTTTTCTCTGGGGTCGATGA and TTGGC-TTCTTGCCATCAAAT.

Chromatin Immuno-Precipitation (ChIP) Assay
ChIP was performed following a previously described protocol [24,25]. Anti-AR antibody
(N20, from Santa Cruz Biotechnology)was used to pull-down AR-DNA complexes. qPCR
amplifications were performed to determine the amount of input DNA and AR bound DNAs.
Primers, sense 5′-GTGGGCCACACTA-GCACCTT-3′ and anti-sense 5′-
ATGGACGTCAGTCT-TTCTGCTG-3′ were used to detect UGT2B15/B17 promoter region
derived sequences and primers, sense-5′-TGGGACAACTTGCAAACCTG-3′ and anti-
sense-5′-CCAGAGTAGGTCTGTTTTCAATCCA-3′ were used to detect the PSA enhancer
derived sequence.
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RNA Interference (RNAi)
The assay was performed as described previously [24]. Briefly, SMARTpool RNAi targeting
AR (Dharmacon, Lafayette, CO) was transfected into LNCaP cells using Lipofectamine 2000
(Invitrogen). Forty-eight hours after transfection, cells were treated ethanol vehicle or 10 nM
DHT for another 24 hr. Total RNAs were then harvested using the RNA isolation kits from
Qiagen and analyzed by real-time RT-PCR for AR, PSA, UGT2B15, and UGT2B17.

RESULTS
Differential Expression of UGT2B15 and B17 in Androgen-Dependent and Independent
Human Prostate Cancer Cell Lines

To identify potential mechanisms involved in the differential expression of UGT2B15/B17 in
androgen dependent and independent prostate cancer cells, we first compared the UGT2B15/
B17 expression in several AR positive prostate cancer cell lines including the androgen
dependent LNCaP cell line, the LNCaP derived sub line-LNCaP-abl, which is androgen
independent, and the VCaP cell line, which is androgen dependent and expresses a relatively
high level of AR and two AR negative and androgen independent cell lines—PC3 and DU145.
Interestingly, we found that UGT2B15 and B17 were only expressed in the AR positive cell
lines as determined by RT-PCR (Fig. 1A). PC3 and DU145, which do not have the AR message,
did not express UGT2B15 and B17. This observation is consistent with the hypothesis that
expression of UGT2B 15 and B17 is AR dependent. In addition, UGT2B15 and B17 are
expressed at a relatively high level in the androgen independent LNCaP-abl cell line compared
to that of the androgen dependent LNCaP cell line, a feature comparable to the finding of the
up-regulated expression of UGT2B in the androgen-independent prostate cancer tissues [10,
11]. Subsequently, we used LNCaP and LNCaP-abl cell lines as models for the identification
of potential mechanisms involved in the differential expression of UGT2B15 and B17 genes.

The mRNA levels of AR, PSA, UGT2B15, and UGT2B17 were compared by qPCR in LNCaP
and LNCaP-abl cells as shown in Figure 1B. The mRNA level of AR, UGT2B15, and
UGT2B17 in LNCaP-abl cells is ∼1.5-fold, 2.0-fold and 6-fold, respectively, higher than those
in LNCaP cell line, whereas the AR induced PSA expression in LNCaP-abl is absent. All
measurements were normalized with the expression level of glyceraldehyde-3-phosphate
dehydrogenase (GAPDH), which is not an AR responsive gene and expressed at a similar level
in both LNCaP and LNCaP-abl cell lines.

We further compared the impact of androgen treatment on gene expression in LNCaP and
LNCaP-abl cell lines (Fig. 1C). As anticipated, the PSA expression can be induced in LNCaP
cell line by DHT in a time dependent manner. Unlike PSA, the expression of UGT2B15 and
B17 was reduced to ∼85% and ∼50% in LNCaP cells after 4 and 16 hr treatment with DHT,
respectively. In contrast, expression of PSA and UGT2B15/B17 in LNCaP-abl cell line was
not significantly affected upon the treatment with DHT. Thus, although both PSA and
UGTB15/B17 are androgen-regulated genes, the effects of androgen on regulation of these
genes are distinct.

Down-Regulation of UGT2B15 and B17 Expression by DHT
To ascertain the AR-mediated control of UGT2B15 and B17 expression, we further performed
the kinetic analysis of the down-regulation of UGT2B15 and B17 by DHT in LNCaP and
LNCaP-abl cell lines (Fig. 2). The expression level of PSA and GAPDH were simultaneously
measured to serve as positive and negative controls in response to the treatment of DHT. The
relative expression levels of all genes were normalized with the expression level of GAPDH
(serving as a control for the amount of total RNA used) in each sample. As anticipated, the
PSA expression can be induced in LNCaP cell line by DHT in a time and dose dependent
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manner. In contrast to PSA, the expression level of UGT2B15 and B17 was significantly
reduced upon treatment with DHT. Increasing the incubation time of DHT treatment increased
the extent of DHT induced down-regulation of UGT2B15 and B17 mRNA and at 24 hr, the
down-regulation reached to the maximum level (Fig. 2). In addition, the down-regulation of
UGT2B15 and B17 expression by DHT is also dose-dependent. Increasing the concentration
of DHT increased the level of reduction of the UGT2B15 and B17 expression (Fig. 2).
Expression of PSA and UGT2B15 and B17 in the androgen-independent LNCaP-abl cell line
was not significantly affected with treatment with DHT. In sum, these results suggested the
possibility that AR is involved in the control of UGT2B15 and B17 expression.

To corroborate the impact of DHT on the expression of UGT2B15 and B17, we further
examined the effects of antiandrogens, flutamide and bicalutamide (Casodex) that block AR
activity, on the DHT induced down-regulation of UGT2B15 and B17 expression in LNCaP
cells. As shown in Figure 3, both flutamide and bicalutamide can suppress approximately 40–
50% of basal and DHT-induced PSA mRNA expression (Fig. 3, top panel). In the absence of
antiandrogens, DHT down-regulates UGT2B15 and UGT2B17 mRNA expression by 45% and
25% respectively. However, treatment with antiandrogens partially inhibited the DHT-induced
down-regulation of UGT2B15 mRNA expression, and completely blocked the effect of DHT
on UGT2B17. These data strongly supported the hypothesis that the DHT-induced down-
regulation of UGT2B15 and B17 expression is mediated by AR.

Interaction of AR With the Promoter Region of UGT2B15 and B17 Genes
These biochemical studies strongly suggested that AR controls the expression of UGT2B15
and B17 genes. To provide direct evidence for UGT2B15 and B17 genes being primary
androgen-responsive genes, we performed Chromatin immuno-precipitation (CHIP) analysis
demonstrating direct interaction of AR with the UGT2B15 and B17 gene locus in LNCaP and
LNCaP-abl cells (Fig. 4 and Fig. 5).

We first searched the database of whole genome AR binding sites that were generated in LNCaP
and LNCaP-abl cells by chromatin immunoprecipitation (ChIP) combined with tiled DNA
oligonucleotide microarray analysis (ChIP-on-chip; Wang et al. data not shown). We found
that AR binding sites were located within the ∼1.0 to 1.35 kb region spanning the 5′ end of the
UGT2B15 and B17 genes in LNCaP and LNCaP-abl cell lines, as shown in Figure 4. To
validate the AR binding sites located at the UGT2B15 and B17 gene locus, we performed
standard anti-AR ChIP followed by real-time PCR in LNCaP and LNCaP-abl cell lines (Fig.
5). UGT2B15 and B17 genes are highly conserved and the high degree homology extends to
the 5′ flanking region (up to —1662 in UGT2B15 [12,26,27]). Due to the high degree of
homology in the 5′ region end and the promoter region of the UGT2B15 and B17 gene, we
were unable to design primers that allow to separately amplify the AR-bound DNA derived
from the 5′ end of the UGT2B15 or that from the UGT2B17. Primers derived from the 5′ end
of the first exon, a conserved region in UGT2B15 and B17, were used for the CHIP analysis.
The PSA enhancer region (PSAe) was used as a positive control and the interaction of AR and
PSAe was previously extensively characterized [24,25]. The amount of input extracts applied
to each reaction was estimated by PCR amplification of individual target sequences in the
extracts. All calculations were normalized or adjusted for the amount of input extracts used.
As anticipated, treatment with DHT enhanced the binding of AR to PSAe in both the LNCaP
and LNCaP-abl cell lines (at ∼4.7- and 3.5-fold, respectively). Compared to the binding of AR
with PSAe, it appeared that in the absence of DHT, the level of AR binding to UGT2B15 and
B17 promoter region was ∼4.5-fold and 8.7-fold higher, in LNCaP cells and in LNCaP-abl
cells respectively than those binding to PSAe (Fig. 5, comparing the white bars). Treatment
with DHT significantly enhanced the AR binding with UGT2B15 and B17 genes (by ∼1.5-
fold in LNCaP cell line and ∼2.6-fold in LNCaP-abl cell line; Fig. 5). These results confirmed
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the association of AR with the promoter region of the UGT2B15 and B17 genes and indicated
that even without androgen, AR can bind to the promoter region, suggesting the non-ligand
bound AR might influence basal transcription of UGT2B15 and B17 genes. Based upon these
data, we hypothesize that although the non-ligand bound AR can influence UGTB15/B17
transcription, addition of androgen enhances the binding of AR to AREs near the UGT2B15/
B17 gene loci and simultaneously recruits co-regulator(s), that is, repressors, which
subsequently leads to the down-regulation of the UGT2B15 and B17 expression.

The Impact of AR RNAi on the Regulated Expression of UGT2B15 and B17 Genes
To further confirm the essentiality of AR in the basal level transcription of UGT2B15 and B17
and in their androgen induced down-regulation of gene expression, we determined the impact
of AR RNAi, which knocks down the AR expression, on the mRNA levels of the UGT2B15,
B17 and PSA (as a control) in the presence or absence of DHT treatment. The AR RNAi was
transiently introduced into LNCaP cells, 48 hr post-transfection, cells were treated with or
without DHT for another 24 hr and then mRNA levels of various genes were determined by
qRT-PCR. As shown in Figure 6, introduction of the AR RNAi did not completely abolish but
significantly reduced the AR mRNA level (to ∼15–20%), indicating the efficiency of the AR
RNAi. We reproducibly noticed that addition of 10 nM DHT slightly increased the AR mRNA,
even in the presence of the AR RNAi (Fig. 6, panel AR). Knocking down AR expression
decreased the PSA mRNA level by 30% in the absence of DHT stimulation and it also
significantly blocked the efficiency of DHT stimulated induction of PSA expression (Fig. 6,
panel PSA). Down-regulation of AR in the absence of androgens also significantly reduced
the UGT2B15 mRNA to 60% and reduced the UGT2B17 mRNA to 25%, compared to those
without AR RNAi (Fig. 6, panels UGT2B15 and UGT2B17). In addition, DHT failed to further
down-regulate UGT2B15 and B17 in AR RNAi-transfected cells (Fig.6, panels UGT2B15 and
UGT2B17). We also reproducibly observed a relatively higher level of expression of
UGT2B15 and B17 in AR RNAi transfected and DHT treated cells, compared to those AR
RNAi transfected but without DHT treatment. This increased expression of UGT2B15 and
B17 could be due to the slightly increased AR expression in AR RNAi transfected cells that
were treated with DHT. In sum, our results suggested that AR is required for the basal
expression of UGT2B15 and B17 and is also involved in the DHT-induced down-regulation
of UGT2B15 and B17.

DISCUSSION
UGT2B15 and B17 are highly homologous to each other and are expressed in human prostate
and several AR positive prostate cancer cell lines [12,14,26–28]. These two enzymes are critical
for the inactivation of DHT and its metabolites 3α-DIOL and ADT. Glucuronidation is a
significant mediator of the androgen response in prostate cells [17]. It has been intriguing to
observe that androgens rapidly down-regulate the glucuronidation activity and the expression
of UGT2B15 and B17 in LNCaP cells, perhaps as a means of facilitating their biological
activities [18–20].

We demonstrate herein several pieces of independent evidence indicating that AR modulates
the expression of UGT2B15 and B17 in prostate cancer cells. First, the UGT2B15 and B17
genes are only expressed in prostate cancer cell lines that express AR. Second, the down-
regulation of UGT2B15 and B17 by androgen is time and dose dependent and this process can
be blocked by anti-androgens. Third, antiAR CHIP analysis confirmed the association of AR
with the promoter regions of UGT2B15 and B17 genes. Finally, knocking down AR expression
by AR RNAi reduced the expression of UGT2B15 and B17 in the absence of androgens, and
also blocked the androgen-induced down-regulation of UGT2B15 and B17 genes. Based on
these results, we hypothesize that in LNCaP cells, AR is required for the basal transcription of
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the UGT2B15 and B17 genes; though an AR-DHT complex enhances the binding of AR to
the UGT2B15 and B17 gene locus, recruiting co-repressors leading to the down-regulation of
UGT2B15 and B17 gene expression. Currently, we are engaged in the investigation of putative
co-repressors and chromatin markers that potentially involved in the mechanistic control of
UGT2B15/B17 expression, specifically on how their expression is up-regulated by AR in the
absence of ligand and then repressed by the presence of ligand.

Increased testosterone uptake or synthesis has been thought to be a potential cause for the
enhanced AR activity in the progression of prostate cancer to CRPC. This hypothesis was
supported by the observation of the increased expression of HSD3B2, AKR1C3, SRD5A1,
potentially enhancing intracellular conversion of adrenal androgens to testosterone and DHT,
in CRPC. Following this rationale, we anticipate that the enhanced AR activity in CRPC should
down regulate the UGT2B15 and B17 genes. However, in the LNCaP-abl androgen
independent cells and also in CRPC, the expression level of UGT2B15 and B17 is up-regulated;
and UGT2B15 and B17 genes in LNCaP-abl cells are no longer responsive to DHT stimulation.
We postulated that the process of recruiting repressors might be hampered in LNCaP-abl cells
and/or in CRPC via altered chromatin structure at UGT2B15 and B17 locus, altered
conformation of DHT-AR, altered repressors or missing repressors. These hypotheses remain
to be validated. The lack of androgen regulated PSA expression in LNCaP-abl cells is also
suggestive of an altered co-regulator status or altered chromatin structures, given that both the
AR and upstream AR binding sites are present in this cell line. In sum, our finding of AR being
a necessary component for UGT2B15 and B17 gene expression explains the altered expression
of UGT2B15 and B17 genes observed in conjunction with changes of AR or AR related
function as reported [10,11,19–22,29,30]. The increased expression of UGT2B15 and B17,
presumably facilitating androgen catabolism, in CRPC is apparently paradoxical to the
relatively high levels of testosterone observed in androgen-independent prostate biopsy
samples [6,31,32]. The biological significance of the role of UGT2B15 and B17 in the
development of androgen independence in CRPC is not clear. Though their altered expression
may not be a cause but may represent a consequence of the development of CRPC.

The ChIP-on ChIP analysis identified two AR binding sites located within 1.0 or 1. 35 kb
upstream of the UGT2B15 and B17 genes and our regular ChIP confirmed the association of
AR with the promoter regions of the UGT2B15 and B17 genes. Following the CHIP study, we
searched for AREs in the promoter region of UGT2B15 and B17 genes by in silico analysis
for sequence similarity with consensus AREs [20]. Putative AREs (sequences similar to
AGTACATTT-GTTCT; http://bio.chip.org/mapper) can be found at −916 to −930 upstream
region of the UGT2B15 and at −823 to −837 upstream region of the UGT2B17 gene. When
comparing to the AGAACAnnnTGTTCT ARE consensus sequence, we found a putative ARE-
AGAA-CttcagcTTCT of three mismatched nucleotides located at −923 to −937 upstream of
UGT2B15 (or at −865 to −879 upstream of UGT2B17), a TGTTCT ARE half site at −768 to
−773 upstream of UGT2B15 (or −710 to −715 upstream of the UGT2B17), and a AGAACA
ARE half site at −201 to −206 upstream of UGT2B15 (or −142 to −148 upstream of the
UGT2B17). The biological significance of these AREs and ARE half sites is currently unclear
and will be characterized and presented separately. However, as noted by Wang et al., [25] the
majority of AR binding regions mapped on chromosomes 21 and 22 in prostate cancer cells
contains noncanonical AREs.

It has been reported that both estrogen and DHT can up regulate the expression of UGT2B15
gene in the estrogen receptor (ER) positive breast cancer cells via ER [21,22]. In addition, the
expression of UGT2B15 gene can also be up-regulated by 17β-estradiol in the androgen
independent LuCaP 35V as determined by RNA expression profiling [22]. It is possible that
ER coordinates with AR and/or other co-regulators in the control of UGT2B15 gene expression
and this possibility remains to be further investigated. Interestingly, it has been reported that
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steroid-induced AR-ERβ-Src complex triggers prostate cancer cell proliferation and a p21-
activated kinase PAK6 can interact with both ER and AR [33,34].
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Fig. 1.
Differential expression of UGT2B15 and 17 in different PCa celllines. A: Comparison of
UGT2B15 and 17 expression in AR positive and AR negative cell lines. Total RNAs were
isolated from LNCaP (1), LNCaP-abl (2), DU145 (3),PC-3 (4), and VCaP (5) cell lines. Regular
RT-PCR reactions were performed for ARUGT2B15, UGT2B17 and actin and the amplified
cDNAs were separated on a 2.5% agarosegel. The expression level of actin was used as a
control for estimating the relative amount of total RNAs applied in each reaction. B:
Quantitative analysis of the expression level of UGT2B15 and B17 in LNCaP and LNCaP-abl
cell lines. Real-time RT-PCR analysis was performed for measuring the relative mRNA level
of AR, PSA, UGT2B15, and UGT2B17 in each cell line. Values represent the fold differences
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in gene expression relative to those in LNCaP cells, which was arbitrarily set as 1.0. C:
Comparison of the response to DHT treatment in LNCaP and LNCaP-abl cell lines. Total RNAs
were isolated from cells prior to the DHT treatment (0), and cells that were treated with 100
nMDHT for 4 hr (4) and 16 hr (16).The expression levels of PSA and UGT2B15/B17 were
determined by real-time RT-PCR reactions. The level of expression in cells without DHT
treatment (0) was arbitrarily set as 1.
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Fig. 2.
Characterization of the impact of DHT treatment on UGT2B15 and B17 expression in LNCaP
cells. A: Responses to different amounts of DHT. LNCaP cells were treated with different
amounts of DHT, as indicated, for 24hr.B: Responses to the period of incubation time for DHT
treatment. LNCaP cells were treated with 10 nMDHT for different periods of time, as indicated.
Total RNAs were isolated and the expression levels of PSA, UGT2B15 and UGT2B17 were
examined by real-time RT-PCR. Values represent the fold differences in gene expression
relative to the expression level at 0 time point or without DHT treatment, which was arbitrarily
set as 1.0.
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Fig. 3.
The effect of anti-androgens on the DHT-induced down-regulation of UGT2B15/B17
expression. LNC aP cells were treated with ethanol vehicle,DHT (10nM), anti-androgens
(Flutamide, 1µM; Casodex or bicalutamide, 1 µM), or a combination of DHT and anti-
androgens for 24 hr and then total RNAs were isolated. The expression levels of PSA,
UGT2B15, and UGT2B17 mRNAs were analyzed by real-time RT-PCR. Values represent the
fold differences relative to those in cells without any drug treatments (which were set as 1.0).

Bao et al. Page 13

Prostate. Author manuscript; available in PMC 2009 June 29.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 4.
Chromosomal locations of AR binding sites at the UGT2B15/B17 gene locus. UGT2B15 and
B17 are two closely located genes at chromosome 4 (chr4). Numbers indicate the nucleotide
positions on chr4. Physical maps of UGT2B15 and UGT2B17 genes are indicated by the
arrowed-gray lines with gray vertical boxes, which represent exons and arrows indicate the
transcription direction. Two black bars located on the top of the 5′ end of each gene represent
the location of AR binding sites mapped in LNCaP and LNCaP-abl cell lines by ChIP-on-chip
analysis.
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Fig. 5.
CHIP analysis of the interaction of AR with the UGT2B15/B17 genelocus in LNCaP and
LNCaP-abl celllines. Cells were treated with vehicle or 100 nMDHT for 16 hr, and then
subjected to ChIP analyses using antibodies against AR following a previously established
protocol [24,25].Immuno-precipitated DNAs derived from the UGT2B15/B17 locus were
quantified by real-time PCR using primers spanning the 5′ end of the exon 1 of the UGT2B15/
B17 genes, as described in Materials and Methods Section. The level of PSA enhancer (PSAe)
bound with AR was simultaneously determined as a positive control, using the previously
described primer set. In each experiment, the amount of input chromatin was measured by PCR
amplification with the same set of primers and the amount of immuno-precipitated DNA was
adjusted for the relative amount of input chromatin. Values represent the relative amount of
AR bound material comparing to the level of AR bound PSAe in the absence of DHT, which
was arbitrarily set as 1. Each value represents the mean from two independent experiments.
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Fig. 6.
The impact of ARRNAion UGT2B15 and B17 expression. LNCaP cells were transfected with
control and ARRNAi, respectively. Forty eight hours after transfection, cells were treated with
ethanol vehicle or 10 nM DHT for another 24hr, and then total RNAs were isolated. AR, PSA,
UGT2B15, and UGT2B17 mRNA expression were analyzed by real-time RT-PCR. Values
represent the fold differences in gene expression relative to control. Each value represents the
mean from two independent experiments.
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