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Abstract
Background—The androgen regulated probasin (PB) promoter has been used extensively to
target transgenes to the prostate in transgenic mice; however, limited data exists on the mechanism
that dictates prostate-specific gene expression. Tissue-specific gene expression involves
synergistic effects among transcription factors associated in a complex bound to cis-acting DNA
elements.

Methods—Using comprehensive linker scan mutagenesis, enzyme mobility shift and supershift
assays, chromatin immunoprecipitation and transgenic animal studies, we have extensively
characterized the prostate specific PB promoter.

Results—We identified a series of non-receptor transcription factors that are bound to the
prostate-specific rat PB promoter. These factors include several ubiquitously distributed proteins
known to participate in steroid receptor-mediated transcription. In addition, we identified two
tissue-specific DNA elements that are crucial in directing prostate-specific PB expression, and
confirmed the functional importance of both elements in transgenic animal studies. These two
elements are functionally interchangeable and can be bound by multiple protein complexes,
including the forkhead transcription factor FoxA1, a “pioneer factor” that has a restricted
distribution to some cells type that are ectoderm and endoderm in origin. Using transgenic mice
we further demonstrate that the minimal PB promoter region (−244/−96 bp) that encompasses
these tissue-specific elements results in prostate-specific gene expression in transgenic mice,
contains androgen receptor and FoxA1 binding sites as well as ubiquitous transcription factor
binding sites.

Conclusion—We propose that these sequence-specific DNA-binding proteins, including tissue-
restricted and ubiquitous factors, create the first level of transcriptional control, which responds to
intracellular pathways that directs prostate-specific gene expression.

Address correspondence to: Robert J. Matusik, Ph.D., Director of Urologic Research, Vanderbilt Prostate Cancer Center, Vanderbilt
University Medical Center, A-1302 Medical Center North, Nashville TN 37232-2765. Fax (615)322-8990
robert.matusik@vanderbilt.edu..

NIH Public Access
Author Manuscript
Prostate. Author manuscript; available in PMC 2013 July 16.

Published in final edited form as:
Prostate. 2010 June 15; 70(9): 934–951. doi:10.1002/pros.21128.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Keywords
prostate-specific; androgen receptor; FoxA1; c-jun; NFI; Oct-1

INTRODUCTION
Transcriptional regulation of gene expression involves a synergistic effect among the basal
transcriptional machinery, proximal sequence-specific activators, cofactors, long-range
enhancer-promoter interactions, chromatin remodeling complexes, as well as the signal
transduction cascades (1). In addition to alternative splicing and DNA rearrangement,
transcriptional synergy has long been proposed as an important mechanism to achieve
organism diversity. Comparative genome analysis implies that a progressively more
elaborate regulation of gene expression rather than the creation of new genes is responsible
for the complexity of an organism, and that a constrained organization of metazoan
enhancers is essential for the precise patterns of gene expression during development (2).
Thus, a greater elaboration of cis-regulatory DNA sequences, and an increased complexity
in the multi-protein transcription complexes, could be two pervasive mechanisms that lead
to increased physiological and behavioral complexity during evolution (1).

A complex eukaryote differentially transcribes approximately 20-25,000 genes in precise
spatial and temporal patterns to maintain cell specificity and homeostasis. It is widely
accepted that the cell accomplishes this by employing combinatorial subsets of basal
transcription factors, ubiquitous DNA binding factors or cofactors, signal-responsive or
tissue-specific activators and/or coactivators. A small grouping of these factors could lead to
an exponentially larger number of regulatory decisions (1,3,4). The basis for such
transcriptional synergy stems from the highly sophisticated cis-regulatory DNA sequences
seen in higher and complex eukaryotes. However, the rapidly expanding cofactor and
chromatin remodeling complexes might be critical for integrating the complex cis-regulatory
information.

Androgen receptor signaling is a specialized signaling pathway that plays pivotal roles in
prostatic differentiation and function. In addition, transcriptional synergy applies to nuclear
receptors, and the functional flexibility seen in members of this family is largely due to the
principle of cooperativity. For instance, combinatorial gene regulation by AR has been
proposed to involve differential recruitment of diverse co-regulatory complexes as well as
the differential interaction with various intracellular pathways (5).

The rat probasin (PB) gene is an androgen regulated, prostate epithelial cell specific gene
whose expression is associated with differentiation. The PB promoter has been used in
numerous gene targeting studies (6-13) to drive prostate-specific gene expression and PB
directed Cre is used to conditionally inactivate genes (14,15). In the PB proximal promoter,
two strong androgen receptor binding sites (ARBSs) (−236/−223 and −140/−117 bp) and
two weak ARBSs (−209/−196 and −107/−93 bp) were identified (21;22), and these ARBSs
function together with the surrounding sequences to control androgen-dependent PB
activation. Thus, a DNA fragment (−244 to −96 bp) has been termed the Androgen
Responsive Region (ARR) (23;24). More recently, an artificial PB promoter ARR2PB,
which contains an extra copy of ARR (−244/−96 bp) fused in front of the −286/+28 bp
proximal promoter, targeted high levels of reporter genes into both prostate cell lines and
transgenic mouse prostate (11). While these data indicate that critical prostate-specific
information is contained within a 314 bp DNA fragment, reduction of the DNA fragment to
a minimal prostate-specific sequence that defines key transcription factors involved has not
yet been reported.
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We have recently reported that two forkhead binding sites are present in the PSA promoter,
and both can be bound by Forkhead Box A1 (FoxA1; formerly termed hepatocyte nuclear
factor-3α) (16). Furthermore, we have shown that the expression of FoxA1 is essential for
normal murine prostate development and differentiation (17). Functional FoxA1 binding
sites were further identified in other prostatic enhancers across species, and some of these
sites were positioned immediately adjacent to AREs, suggesting a well-conserved
organization of cis-acting elements (16,18,19). In this report, we further characterized the
PB −286/+28 promoter in both cell culture and transgenic mice in order to identify
additional transcription factors and investigate the mechanisms of the androgen-regulated
prostate-specific gene expression.

EXPERIMENTAL PROCEDURES
Plasmid Construction

Thirty-one substitutive linker mutations of the −286PB promoter, named from m1 to m31,
were generated by sequential replacement of the 10 bp sequence (5′-CTCGAGTACT-3′),
using PCR based site-directed mutagenesis as described by Chen et al., (20). All final PCR
products were subcloned into pGEM-Teasy vector (Promega Corp., Madison, WI), and
verified with sequencing analysis. DNA sequencing was performed (by DNA Sequencing
Core Laboratory, Vanderbilt-Ingram Cancer Center, Vanderbilt University Medical Center)
as described in the Thermo sequence fluorescent-labeled primer cycle sequencing kit (Perkin
Elmer Inc., Boston, MA). All mutant and wild type −286PB promoters were inserted
upstream of the Luc reporter gene in pGL3-basic vector (Promega Corp., Madison, WI).
Same approaches were used to construct the mtOct-1, mtC-jun, mtNFI, TS1/TS1, TS2/TS2,
TS2/TS1, and four TS2 mutants (mt1, mt2, mt3, and mt4) expression vectors.

The −286PBCAT, ARR2PBCAT, and delARR2PBCAT reporter plasmids were described
before (11). Two mutants of −286PBCAT, mtTS1/−286PBCAT and mtTS2/−286PBCAT,
were generated by replacing wt −286PB promoter with the m5 and m18 substitutive linker
mutations of −286PB promoter, respectively. The ARR2TKCAT was generated by replacing
the endogenous −96 to −28 bp PB promoter with thymidine kinase (TK) promoter in
ARR2PBCAT.

Cell Culture and Transient Transfection Assays
The human prostate carcinoma cell lines PC-3, LNCaP, the monkey kidney cell line COS-1,
the human breast carcinoma cell line MCF-7, and the human pancreas carcinoma cell line
PANC-1 were obtained from American Type Culture Collection (Manassas, VA). PC-3 cells
were maintained in RPMI medium, 10% FBS and 250nM DEX and the other cell lines were
cultured as recommended by ATCC.

The additional over-expression of rat AR in LNCaP was used to increase the overall
detectable response of an AR driven promoter. The endogenous mutant AR expressed by
LNCaP cells (T868A) binds to the androgen response elements in the same manner as the
wild type AR except that the point mutation in the ligand binding domain allows for a
extended ligand specificity now including the anti-androgen, flutamide but not by
bicalutamide. Activation of the wild type AR and AR(T877A) results in similar mobility,
nuclear distribution, and transcriptional activity of both ARs (21). Therefore, the mutant
human AR of the LNCaP cells should not interfere with the rat AR that was also expressed
in these cells. Transient transfection assays were performed using lipofectin reagent
according to the manufacturer procedure (Life Technologies Inc., Gaithersburg, MD).
Briefly, cells were plated at an initial density of 2~3 × 104/well in 24-well tissue culture
plates and grown to roughly 70% confluence (~36 hour incubation). Then, 0.25 μg testing
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construct, 0.25 μg rat AR expression vector (rAR) or rat GR expression vector (rGR) (21),
0.0125 μg pRL-CMV (Promega Corp., Madison, WI) were mixed with serum-free MEM
medium in tube A (25 μl/well). 4μl lipofectin were mixed with 21 μl serum-free MEM
medium in tube B (25μl/well), and allow to standing at room temperature for 40 minutes.
Two solutions in tube A and B were combined, mixed gently, and incubated at room
temperature for 12-15 minutes, then 0.2 ml/well MEM medium with 10% FBS (stripped
serum) were added to the DNA/lipofectin mixture. Aspirate medium from the wells and add
0.25ml of above solution to each well. The cells were incubated with the DNA/lipofectin
mixture for 6 hours, followed by removal of the medium and addition of 0.5 ml/well
medium with or without steroids for 24 hours. The cells were harvested by removing the
medium, washing the cells once with phosphate-buffered saline, and incubating with 100 μl
passive lysis buffer (Promega Corp., Madison, WI) for 1 hour at room temperature. Both
firefly and Renilla Luciferase activity were determined in a lumicounter (LUM/star, BMG
LabTechnologies, Inc., Durham, NC) by using the dual-Luciferase reporter assay system
(Promega Corp., Madison, WI) to control for transfection efficiency. The cells transfected
with CAT reporter constructs were harvested by removing the medium, washing the cells
once with phosphate-buffered saline, and adding 100 μl lysis buffer (0.1 M Tris, pH 7.8,
0.1% triton X-100). The CAT activity was determined by the two-phase flour diffusion
assay using [3H]acetylcoenzyme (5.9 Ci/mmol, Amersham Pharmacia Biotech) as the
substrate (22).

Establishment of PBCAT Transgenic Mouse Lines
All animal studies were conducted in accordance with the principles and procedures outlined
by Vanderbilt University Council on Animal Care. All the PBCAT transgenic mice were
generated by microinjection of the DNA into the male pronucleus of a fertilized oocyte by
the Transgenic Core/ES Cell Shared Resource of the Vanderbilt-Ingram Cancer Center.
Animals were housed in standard lighting (12 h of light, 12 h of darkness) and allowed food
and water ad libitum. Transgenic animals were identified by polymerase chain reaction
(PCR)-based screening using isolated mouse tail DNA as described previously (15). The
primer pairs used in PCR screening were the PB forward primer 5′-
TAGCATCTTGTTCTTAGTCTT-3′ and the CAT reverse primer 5′-
CAACGGTGGTATATCCAGTG-3′. All transgenic mouse lines were maintained as the
B6D2F1 mouse strain.

CAT Assays on PBCAT Transgenic mice
To measure the levels of CAT reporter gene expression in transgenic mice, tissue samples
including anterior (AP), dorsal (DP), lateral (LP) and ventral prostate (VP), brain, spleen,
thymus, heart, lung, liver, kidney, testes, muscle, adrenals, epididymis, seminal vesicle,
uterus, ovary, and oviduct were microdissected; Proteins were extracted by homogenization
in lysis buffer (0.1 M Tris, pH 7.8, 0.1% triton X-100); And protein concentrations were
determined by protein assay (Bio-Rad Laboratories, Hercules, CA). The CAT assays were
performed as described before (22).

Electrophoretic Mobility Shift Assays
Nuclear extract for PC-3 cells was prepared as described by Dignam et al (23). Nuclear
extracts for LNCaP and MCF-7 cells were purchased from Geneka Biotechnology, Inc.
(Montreal, Quebec, Canada) and the Hela nuclear extract was purchased from Promega
Corp. (Madison, WI). All oligonucleotides for EMSAs were synthesized by Integrated DNA
Technologies, Inc. (Coralville, IA). The probes were radiolabeled with γ-[32p] dATP using
the T4 polynucleotide kinase according to the manufacture’s instructions (New England
Biolabs, Beverly, MA) and purified by 15% PAGE. One nanogram [20,000 disintegration
per minute (dpm)] of the probe was incubated on ice for 10 min with different amount of
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nuclear extracts, 0.5 μg poly (dI-dC), and buffer D [10 mM HEPES pH 7.9, 7.5 mM MgCl2,
50 mM KCl, 0.1 mM EDTA, 10% (v/v) glycerol, 0.5 mM phenylmethysulfonide fluoride
(PMSF) and 0.5 mM dithiothreitol (DTT)] in a total volume of 20 μl. In oligoncleotide
competitions, 50 to 200-fold molar excess of cold, double-stranded oligonucleotide were
added to the incubation mixtures. In supershift analyses, antibodies were added after the
binding reaction and incubated for an additional 20 min on ice. All supershift antibodies to
C-fos, C-jun, NFI, and Oct-1 were purchased from Santa Cruz Biotechnology, Inc. (Santa
Cruz, CA). The concentration of antibody in each EMSA reaction was 0.2 μg/μl. The
protein-DNA complexes were separated on a 0.75-mm nondenaturing PAGE containing
acrylamide/bisacrylamide (20/1) 5% (v/v), 0.5 X TBE. Gels were run at room temperature in
1 X TBE and dried before being autoradiographed.

ChIP
ChIP assays were performed as described previously (16). Neo-Tag cells were either treated
with 10−8 M DHT or continued to grow in the androgen-depleted medium. After 24 h of
treatment, cells were washed with PBS and cross-linked with 1% formaldehyde at 37 C for
10 min. Cells were scraped into conical tube, pelleted for 4 min at 2000 rpm at 4 C,
resuspended in SDS lysis buffer [1% SDS, 10 mM EDTA, 50 mM Tris-HCl (pH 8.1), 1x
proteinase inhibitor cocktail] for 200 μl per 106 cells, and sonicated with four to five sets of
10-sec pulses at an 80% maximum power (Fisher Sonic Dismembrator, model 50; Fisher
Scientific, Pittsburgh, PA). After centrifugation for 10 min, supernatants were collected and
diluted 1:10 in ChIP dilution buffer [0.01% SDS, 1.1% Triton X-100, 1.2 mM EDTA, 16.7
mM Tris-HCl (pH 8.1), 167 mM NaCl], followed by preclearing for 30 min with 3 μg of
sonicated salmon sperm DNA with protein A agarose (80 μl of 50% slurry in 10 mM Tris-
HCl, 1 mM EDTA). IP was performed overnight at 4 C with specific antibodies. Protein A
agarose (60 μl) with salmon sperm DNA was added for 1 h with rotation to collect the
complex. Beads were sequentially washed for 5 min each with low-salt wash buffer (0.1%
SDS, 1% Triton X-100, 2 mM EDTA, 20 mM Tris-HCl, 150 mM NaCl), high-salt wash
buffer (0.1% SDS, 1% Triton X-100, 2 mM EDTA, 20 mM Tris-HCl, 500 mM NaCl), LiCl
wash buffer (0.25 M LiCl, 1% Nonidet P-40, 1% deoxycholate, 1 mM EDTA, 10 mM Tris-
HCl) and twice with TE buffer (10 mM Tris-HCl, 1 mM EDTA). The complex was eluted
twice with 250 μl of elution buffer (1% SDS, 0.1 M NaHCO3) and eluates were pooled. The
formaldehyde cross-linking was reversed by adding 20 μl 5 M NaCl and incubating for 6–8
h at 65 C. Eluates were incubated for an additional 1 h at 45 C with 2 μl of 10 mg/ml
Proteinase K. DNA was extracted using QIAquick Spin Column (Qiagen) and 3–5 μl of
extracted DNA was used in each PCR amplification. Primers
(TCCCAGTTGGCAGTTGTACACAGA and CACCAACATCTATCTGATTGGAGGA)
used encompassed transcription factor binding sites on the large rat PB promoter. ChIP
experiments were repeated three times.

RESULTS
Seven Cis-acting DNA Elements within the −286 PB are Critical for PB Gene Expression

In order to identify cis-acting DNA elements within the proximal PB promoter required for
androgen dependent prostate-specific gene expression, we performed a comprehensive
linker mutation analysis with the sequential introduction of 10 bp (5′-CTCGAGTACT-3′)
replacement mutations covering the entire −286/+28 PB sequences. Thirty-one PB mutants
(m1-m31) were generated. Individual PB mutants and a wild type (wt) −286/+28 PB control
were subcloned into the pGL3-basic vector. The resulting reporter constructs were co-
transfected with a rat AR expression vector (rAR) into prostatic (LNCaP and PC-3), and
non-prostatic (COS-1, MCF-7, and PANC-1) cell lines, and luciferase activity was measured
in the presence and absence of dihydrotestosterone (DHT). DHT induction of the wt −
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286/+28 PB promoter activities was approximately 135-fold and 83-fold in prostatic LNCaP
and PC-3 cells, respectively, whereas DHT induced the same wt PB promoter in non-
prostatic COS-1, MCF-7 and PANC-1 was only 3.7-fold, 10.2-fold, and 5.5-fold,
respectively (Fig. 1 A).

As ligand-bound AR binding to ARBS-1 and ARBS-2 is essential for −286PB Luc promoter
activity following androgen treatment, reporter activity of m6 (−236/−227 bp), m16
(−136/−127 bp), m17 (−127/−117 bp) mutant constructs was almost completely abolished in
all tested cell lines (Fig. 1B-F), and the same was true for the m27 (−26/−17 bp) mutant
construct. Very low promoter activity was detected in both prostatic and non-prostatic cell
lines transfected with m30 (+5/+14 bp) and m31 (+15/+24 bp) mutant constructs, likely due
to the disruption of the transcription initiation site (Fig. 1B-F).

Importantly, the linker mutation analysis revealed that the promoter activities of m8
(−216/−207 bp), m9 (−206/−197 bp), m19 (−106/−97 bp), and m21 (−86/−77 bp) mutant
constructs was dramatically reduced in all cell lines tested (Fig. 1B-F). In contrast to the
mutations that affected PB promoter activity in all tested cell lines, mutations in Androgen
Receptor Binding Site-1 (ARBS-1) or ARBS-2 suppressed promoter activity to around 40%
of the wt control in LNCaP cells, but had less effect in other cells (Fig. 1B-F). Most
intriguingly, the promoter activities of m4 (−256/−247 bp), m5 (−246/−237 bp), and m18
(−116/−107 bp) were decreased to 19.6%, 6.8%, and 4.7% in LNCaP cells and 40.6%,
28.7%, and 22.2 % in PC-3 cells, however these mutations had almost no effect in non-
prostatic cells (Fig. 1B-F). In summary, these findings indicate that regions within the PB
promoter altered in m8 (−216/−207 bp), m9 (−206/−197 bp), m19 (−106/−97 bp), and m21
(−86/−77 bp) constructs contain non cell specific, essential cis-regulatory sequences, while
regions altered in the m4 (−256/−247 bp), m5 (−246/−237 bp), and m18 (−116/−107 bp), as
well as the previously identified AR binding sites ARBS-1 (−236/−225) or ARBS-2
(−135/−121) contain prostate-specific cis-regulatory elements.

Oct-1, C-jun, and NFI Bind to the −286 PB Promoter
In order to identify potential trans-acting proteins that bind to PB regulatory sequence,
transcription factor database searches were performed using web-based search engines
TESS (www.cbil.upenn.edu/tess) and TRANSFAC (www.cbrc.jp/research/db/
TFSEARCH.html). Putative binding sites for Oct-1 (−218 to − 206 bp), AP-1 (−108 to −96
bp) and NFI (−88 to −72 bp) were predicted to be contained in these key cis-acting elements
(Fig. 2). To determine if transcription factor binding site sequences for Oct-1, c-jun (AP-1),
and NFI are functional, site-directed mutagenesis of the wt −286 PB Luc reporter construct
was used to disable the Oct-1, c-jun, and NFI binding sites by generating mt-Oct-1, mt-c-
jun, and mt-NFI reporter plasmids (Fig. 3A). These mutants can no longer bind Oct-1, c-jun,
and NFI as confirmed in EMSA assays (see Fig. 4). Co-transfection of the individual mutant
with a rAR expression vector into LNCaP cells followed by DHT treatment revealed
reporter activity of the mutant-Oct-1, c-jun, and NFI reporter plasmids was 11.8%, 15.9%,
and 13.8% compared to the wild-type −286 PB Luc control (Fig. 3B). These observations
demonstrate that specific Oct-1, c-jun, and NFI binding sites are important for full −286 PB
promoter activity.

Since the PB reporter is highly expressed in transient transfection assays in LNCaP cells,
and regions identified to potentially bind Oct-1, c-jun, and NFI are important for robust PB
reporter activity, the putative Oct-1, c-jun, and NFI binding sites within the −286/+28 PB
were examined using nuclear extracts on EMSA. As shown in Fig. 4A, the labeled −226 to
−197 bp probe produced several protein-DNA complexes (lanes 2 and 8), while a mutant
−226 to −197 bp probe (the putative Oct-1 site that was specifically mutated) only formed
one protein-DNA complex (lane 9). Protein-DNA complexes termed A, B, and E is weaker
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or is abolished when an unlabeled consensus Oct-1 oligonucleotide was used as a competitor
against the wt probe (Fig. 4A lanes 3-5). All protein-DNA complexes were competed by a
100-fold molar excess of the unlabeled −226 to −197 bp oligonucleotides whereas only
complex C and E were competed by 100-fold molar excess of the unlabeled mutated −226 to
−197 bp oligonucleotides as a competitor (Fig. 4A lanes 11 and 13). When an anti-Oct-1
antibody was included in the binding reaction, a super shift band was observed with a
disruption in complex A. Complex D, E, and F became weaker in intensity, while complex
B was enhanced (Fig. 4A, lane 6). Reversely, the −226 to −197 bp cold oligonucleotide
effectively competed with the binding of radiolabeled Oct-1 consensus sites in EMSA
studies (data not shown). Taken together, these results demonstrated that PB promoter
contains a cis-regulatory element for Oct-1 at −226 to −197 bp region.

When a radiolabeled −116 to −87 bp probe, containing the putative c-jun binding site, was
incubated with the LNCaP nuclear extracts, several protein-DNA complexes with different
mobility were detected (Fig. 4B, lane 2). The binding was reduced or abolished when a
radiolabeled mutated −116 to −87 bp probe is incubated with the LNCaP nuclear extracts
(Fig. 4B, lane 3). The specificity of protein-DNA interaction was ascertained using
competition assay. The shifted bands were abrogated when 50 to 100-fold molar excess
unlabeled −116 to −87 bp probe was added to the reaction as a competitor (Fig. 4B, lanes 4
and 5). When cold consensus c-jun oligonucleotides were used as competitors, three
complexes were abolished (Fig. 4B, lane 6 and 7). In super shift assay, the anti-c-jun
antibody resulted in super-shifted band on the gel (Fig. 4B, lane 10) while no effect was
detected when anti-c-fos or anti-Oct-1 antibodies was used (lanes 11 and 12). Furthermore,
no super shift was observed when the radiolabeled mutated −116 to −87 bp probe was
incubated with LNCaP nuclear extracts (Fig. 4B, lanes 14 and 15). These results
demonstrate that −116 to − 87 bp contained an AP-1 binding site.

Incubation of a radiolabeled probe comprising the sequence from −96 to −67 bp with
LNCaP nuclear extracts resulted in the appearance of two specific labeled bands A and B
(Fig. 4C, lane 2), while when a mutated −96 to −67 bp as a probe, the complex A was
reduced while complex B was maintained (Fig. 4C, lanes 2 and 3). Excess of cold −96 to
−67 bp sequences competed off the binding of the complexes (Fig. 4C, lanes 4 and 5). The
binding of nuclear proteins to the −96 to −67 bp sequence was challenged with excess cold
consensus NFI and consensus Oct-1 oligonucleotides. Competition was observed only for
the cold NFI oligonucleotides (Fig. 4C, lanes 6 and 7), but not for the Oct-1 oligonucleotides
(lanes 8 and 9). To further define the nature of the protein within these protein-DNA
complexes, we performed super-shift EMSA. The NFI antibody shifted the complex A to
higher region in the gel with a drastic reduction in the original band (Fig. 4C, lane 12); while
no effect was observed for anti-Oct-1, anti-C-jun, and anti-C-fos antibodies. (Fig. 4C, lanes
13-16).

A new mouse prostate cell line, NeoTag, expresses the SV40 Large T antigen driven by a rat
PB promoter. This cell line allowed us to perform ChIP assays to investigate the in vivo
association of FoxA1, c-Jun, c-Fos, Oct-1, and NFI with the −286 PB promoter in both the
presence and absence of DHT (Fig. 5). By ChIP analysis, FoxA1 is constitutively bound and
c-Jun, c-Fos, NFI and Oct-1 are bound to the −286 PB promoter both in the presence and
absence of DHT (Fig. 5). Taken together, these studies indicate that the AR, FoxA1 c-Jun, c-
Fos, Oct-1 and NFI interact with defined cis-regulatory sequence within the PB promoter in
vivo.

TS1 and TS2 share similar biological function on −286 PB promoter
By mutation analysis and testing in cell cultures, m4-m5 and m17-m18 were found to be
critical for expression in prostate cells but not in non-prostatic cell lines and the sites were
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name Tissue Specific 1 and 2 (TS1 and TS2), respectively (Fig. 2). To further characterize
these sites, EMSA using nuclear extracts derived from LNCaP cells was conducted using
radiolabeled fragments that encompassed the two TS sites: TS1 (probe −257 to −232 bp) or
TS2 (probe −127 to −102 bp). As shown in Fig. 6A, three complexes were formed with
radiolabeled TS1 in the presence of 20 μg LNCaP nuclear extracts (Fig. 6A, lane 2), as
compared to the control in the absence of nuclear extracts (lane 1). Similarly, three
complexes were observed when TS2 was used as a probe (Fig. 6B, lane 2). However, a
comparison of the highest shifted protein-DNA complex of TS2 (complex A, lane 2, Fig.
6B) appeared as a stronger band compared to that of TS1 (complex A, lane 2, Fig. 6A). The
interrelationship between TS1 and TS2 was further explored by comparing their relative
binding profiles with the LNCaP nuclear extracts. A fixed amount of the radiolabeled TS1
probe was competed with a series of decreasing concentrations of unlabeled TS1 or TS2
probes in EMSA studies. Cold TS1 (Fig. 6A, lanes 3-8) was a slightly stronger competitor
than TS2 in competing labeled TS1 (Fig. 6A, lanes 9-14). When a fixed amount of a
radiolabeled TS2 probe incubated with LNCaP nuclear extracts, cold TS2 (Fig. 6B, lanes
3-8) was a slightly stronger competitor than TS1 in competing labeled TS2 (Fig. 6B, lanes
9-14). Most interestingly, these two DNA elements compete reciprocally, suggesting that
similar, if not identical, transcription factors bind to both of these tissue-specific elements.

Since similar protein/DNA binding patterns were observed for TS1 and TS2, we next
examined whether these two sites are functionally interchangeable. Thus, using site-directed
mutagenesis, we generated mutant constructs where TS2 was replaced with TS1 (Fig. 6C,
TS1/TS1), or TS1 was replaced with TS2 (TS2/TS2), or the positions of TS1 and TS2 were
switched (TS2/TS1). The resulting mutants and wt control were transiently transfected into
LNCaP cells, and luciferase activity was compared. Although overall reporter gene activities
of the TS1/TS1, TS2/TS2, and TS2/TS1 are 77.2%, 89.5%, and 81.8% of the wt −286 PB
Luc control (TS1/TS2), respectively, switching the TS sites did not significantly decrease
the androgen-inductivity of PB promoter (Fig. 6D). These data strongly suggested that TS1
and TS2 are functionally interchangeable and bind similar transcriptions factors.

Prostatic cell-specific transcriptional factor(s) binds to the TS1 and TS2
Although prostate-specific transcription factors have not yet been identified, several putative
prostate-specific factor DNA binding sites had been described in the Prostatic Binding
Protein C3 (PBP C3) gene androgen responsive unit, the PSA enhancer region, the PAP
promoter, and in the proximal PB promoter (24-27). To determine the cell-specificity of the
proteins that interact with TS1 and TS2, EMSA on radiolabeled TS1 and TS2 was
performed by using nuclear proteins extracted from prostatic cell lines (LNCaP and PC-3),
and non-prostatic cell lines (Hela, MCF-7). Two protein-DNA complexes (designated as A
and C) were detected as binding to TS1 and TS2 in all nuclear extracts tested (Fig. 7A and
B) indicating these complexes are not prostate-specific. In contrast, a weak complex
(designated as B) was only detected in prostatic LNCaP and PC-3 nuclear extracts but not
with non-prostatic Hela and MCF-7 nuclear extracts (Fig. 7A and B), indicating these
complexes consist of proteins important for prostate specific TS1 and TS2 activity. EMSA
and super-shift assay demonstrated that this transcription factor is FoxA1, as complex B was
super-shifted upon the addition of FoxA1 antibody (Fig. 7C).

TS1 and TS2 are required for −286 PB promoter activity in prostatic cells
It had been reported that the promoter activity was significantly reduced in prostatic cells
when the TS1 sequences were mutated (16,26,28). To functionally characterize the TS2
element, four TS2 mutant constructs were generated using PCR based site-directed
mutagenesis (Fig. 7D). The resulting constructs and wt control were transiently transfected
into LNCaP and MCF-7 cells. Luciferase assay revealed that the androgen-induced promoter
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activities of TS2 mutants were 12.1%, 17.0%, 3.1%, and 52.8% of that measured in wt −286
PB Luc control. This reduction was only observed in LNCaP cells (Fig. 7E) but not in
MCF-7 cells (data not shown).

To test whether these TS2 mutations alter the TS2-binding proteins, mutant and wt TS2
were used as probes and were tested in EMSA studies (Fig. 7F). Different binding patterns
were observed in these mutant TS2 probes (lanes 7-14) as compared to wt TS2 (lane 2): i)
the binding of FoxA1 was abolished for mt1 and mt2 (lanes 7-10); ii) mt3 completely
abolished complex A, but not FoxA1 and complex C (lanes 11 and 12); iii) mt4 slightly
affected complexes A, B, and C (lanes 13 and 14). Competition assay demonstrated a result
consistent with these in vitro binding assays (Fig. 7F, lanes 3-6). Importantly, these results
suggested that in addition to FoxA1, unknown transcription factor(s) binds TS2 element.

TS1 and TS2 are Critical in Directing Androgen Dependent Prostate-Specific Gene
Expression in Transgenic Mice

In order to examine the in vivo functional significance of TS1 and TS2, we compared the
activities of mutated TS1 and TS2 −286 PB promoter with wt −286 PB promoter using
transgenic mice. Previously to test the PB promoter in transgenic mice, the CAT reporter
was used (9-11). For that reason the CAT reported was selected for these in vivo studies.
PCR based site-directed mutagenesis of the wt − 286 PBCAT was used to generate
mtTS1/−286 PBCAT and mtTS2/−286 PBCAT (Fig.8A). The mtTS1 sequence is same as
the mt5 used in linker mutation study, while the mtTS2 is same as the mt18 sequence. These
constructs were first tested in transient transfection assay before creating transgenic lines.
The CAT activities of the mtTS1/−286 PBCAT and mtTS2/−286 PBCAT were only 8.4%
and 10.1% of CAT activity of the wt −286 PBCAT in LNCaP cells (Fig. 8B). Three wt −286
PBCAT transgenic founders (2 males and 1 female), 4 mtTS1/−286 PBCAT transgenic
founder (2 males and 2 females), and 3 mtTS2/−286 PBCAT transgenic founders (2 males
and 1 female) were generated and confirmed later with PCR. As shown in Table 1, CAT
activities were detected in the prostate lobes but not in any other tissues in two male wt −286
PBCAT founders. This result strongly demonstrated that −286 PB promoter is sufficient to
confer prostatic selection to PB expression. However, low CAT activities were detected in
the prostate lobes of one male founder and male offspring of one female founder of the
mtTS1/−286 PBCAT, indicting that TS1 site is important, but may not be absolutely
required for the prostate-specificity of PB promoter. Importantly, no CAT activity was
detected in any prostate lobes from the mtTS2/−286 PBCAT transgenic mice established
from three separate founders, suggesting that TS2 site is critical for the prostate-specific
activation of the PB promoter. As expected, no CAT activity was found in any other tissues
from the mtTS1/−286 PBCAT or mtTS2/−286 PBCAT transgenic mice.

ARR Sequence (−244 to −96 bp) Contains Sufficient Information for Prostate-Specific
Expression of the PB Gene

The cis-acting elements involved in androgen dependent prostate-specific PB gene
expression were contained within −286 PB promoter as demonstrated in the wt −286
PBCAT transgenic mice studies (Table 1). Deletion analysis has shown that the minimal PB
promoter (−53 to +28 bp) does not direct prostatic cell specific expression of a reporter gene
in transient transfection assays (unpublished observation). In transgenic mouse studies, the
ARR2PB, containing two ARR, was found to be much stronger in prostate-targeting as
compared to the proximal PB promoter (11), suggesting that the additional copy of ARR
increased the transgene activity in transgenic mice. In order to further narrow down the PB
sequence required for prostate-specific expression, two CAT reporter constructs,
delARR2PBCAT and ARR2TKCAT (see the material and methods), were used to generate
transgenic mice. In the transient transfection assays, the CAT activities of the
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delARR2PBCAT and ARR2TKCAT were 55.2% and 13.4% of wt ARR2PBCAT in LNCaP
cells (Fig. 9). Two ARR2TKCAT transgenic founders (1 males and 1 female) and 7
delARR2PBCAT transgenic founders (6 males and 1 female) were generated and confirmed
by PCR. In male offspring, CAT activities were detected in prostate lobes, but not in any
other tissues, of the ARR2TKCAT founder and 2 delARR2PBCAT male founders (Table. 2).
These data demonstrated that −244 to −96 bp PB promoter is sufficient for the prostate-
specific expression of PB gene in transgenic mice.

DISCUSSION
Tissue-specific gene expression is governed by the spatial expression of trans-acting
regulatory factors, and the combinatorial action of multiple transcriptional activators and
repressors interacting with distinct promoter and enhancer elements (1,3,4,29,30).
Transgenic animal studies have determined that the key cis-regulatory elements controlling
androgen regulated prostate-specific PB expression were contained within the proximal
promoter (11). Using promoter mutagenesis analyses, EMSA assays and transgenic mouse
studies, we have performed the most extensive characterization of any regulatory sequence
required for tissue specific expression in the murine prostate. Our studies have identified key
cis-regulatory sites, including two tissue-specific elements (TS1 and TS2), which are critical
for PB tissue-specific activation. Our data demonstrated that the androgen regulated
prostate-specific PB expression involves several transcriptional factors (Oct-1, AP-1 and
NFI), cell type-limited regulatory proteins (AR and FoxA1) that act in combination, and
likely yet to be identified factors.

Functional interactions between Oct-1 and steroid hormone receptors have been well-
documented to be crucial for the transcriptional control of steroid hormone-responsive genes
(31-35). For instance, Oct-1 is essential for androgen regulated SLP gene expression in vivo
(34,35), and is required for mouse mammary tumor virus (MMTV) transactivation (36).
Mutagenesis studies demonstrated that the −218/−206 bp DNA fragment in the PB promoter
is important for promoter activation in both prostatic and non-prostatic cells. Using EMSA
and super shift assays with nuclear extracts from prostate epithelial cell lines, we identified
that this element is bound by Oct-1. This result was confirmed by ChIP analysis. The
maximal androgen induction of PB promoter in LNCaP cells was greatly reduced when the
promoter binding by Oct-1 is disrupted through site-directed DNA mutation. Cross talk
between Oct-1 and androgen signaling pathway may preferentially occur through
interactions between Oct-1 and AR in a DNA-dependent manner, which leads to the
recruitment of SRC-1 (37). It has been documented that Oct-1 can directly interact with
steroid receptors through its conserved POU domain (37,38), suggesting a conserved
functional mechanism. On the PB promoter, the Oct-1 binding element is located
immediately downstream to ARBS-1, suggesting a similarly important functional interaction
between Oct-1 and AR holds true for PB gene activation.

The proto-oncoprotein c-jun heterodimerizes with c-fos to form the transcription factor
AP-1, which regulates transcription through binding to consensus AP-1 cis-acting elements.
Functional cross talk between c-jun and AR has been extensively studied. In a search for
interacting partners, AR was found to inhibit the protein-DNA interaction between c-jun and
the AP-1 binding element (39). It has been reported that c-jun stimulates transcription via
AR through an indirect mechanism, in which c-jun promotes AR-mediated transactivation in
the absence of its interaction with c-fos or with the AP-1 DNA site. This positive regulatory
effect of c-jun on AR transactivation is dose-dependent and is through a direct interaction
with the AR DNA binding domain/hinge region (40). Studies also suggested that c-jun
supports AR activity by enhancing AR DNA binding and facilitating the ligand-dependent
interaction between AR amino- and carboxyl-terminals (40-42). Thus, c-jun was proposed as
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a mediator for AR-induced transactivation. However, androgen-induced PSA gene
expression was inhibited by 12-O-tetradecanoylphorbol 13-acetate, which elevates AP-1
activity in LNCaP cells. Transient over-expression of c-jun and c-fos also inhibited
androgen-induced PSA promoter activity. Reversely, purified AR recombinant proteins also
inhibit the formation of c-jun/AP-1 complexes (43). Co-immunoprecipitation experiments
suggested such mutual repression of DNA binding is due to a direct interaction between AR
and c-jun (43). On the PB promoter, linker mutation, DNA sequence analysis, and ChIP
revealed a functional c-jun binding site (−108/−94 bp). This binding site is downstream of
ARBS2 and is critical for PB activation, since disruption of c-jun DNA binding resulted in
an 84% reduction of total PB androgen-induced activity. Our finding supported the
importance of signaling cross talk between androgen and AP-1 pathways in directing PB
gene expression, and also suggested that, in the context of PB promoter, the transcriptional
activity is modulated by cooperation between AR and c-jun.

The NFI family of proteins (44) are known to be important in regulation of several androgen
dependent genes (45,46). NFI footprints were identified in the upstream enhancer of the
prostate secretory component gene, and in an androgen response unit located in the first
intron of the PBP C1 gene (24,46). The in vivo glucocorticoid receptor (GR) induction of
MMTV promoter involves a functional synergism between GR and NFI (47). More recently,
an unidentified NFI family member(s) was shown to be essential for both GR induced
MMTV expression on naked DNA, and the recruitment of the chromatin remodeling
enzyme BRG-1 (48) to regulatory sequence. A recent report (18) indicates that NFI binding
sites are significantly associated with FoxA1 binding sites in regions of acetylated DNA,
and the fact that knockdown of NFI altered endogenous AR target gene expression suggests
an important role for NFI family members in endocrine regulated gene expression and
chromatin structure. Linker mutagenesis, ChIP, and DNA sequence analysis revealed a
critical NFI binding site (−88/−70 bp) in PB promoter. Functional importance of NFI
binding was demonstrated by a mutation in NFI site, which resulted in a significant loss of
PB promoter activity. This finding is consistent with a previous report showing that the
binding of NFI proteins to PB promoter is androgen independent but prostate cell specific
(49). However, our transgenic studies demonstrated that −244 to −96 bp of PB sequence is
sufficient for the PB gene prostate-specific expression, suggesting that the promoter binding
by NFI proteins is required for optimal PB gene activation in prostate cell or tissues, but not
absolutely required for the prostatic specific expression of the PB gene.

Importantly, linker mutation and transgenic studies revealed two tissue-specific DNA
elements that are fundamentally important for androgen-regulated prostate-specific PB
promoter activation. The transgenic mice experiments demonstrated that mutation of TS1
dramatically decreased the transgene expression in prostate lobes while mutation of TS2
almost completely abolished the transgene activities in the transgenic mouse prostate. Even
though the activity of the promoter was reduced, prostate-specific activity was maintained.
Although it is possible that the site of transgene integration rather then the TS2 mutation
prevented transgene expression, it seems unlikely that transgene integration was responsible
for the loss of activity since three separate founder lines were established. No transgene
activity was detected in any other tissues either in TS1 and TS2 mutant or the wild type
−286PBCAT transgenic mice, suggesting that the PB promoter is tightly controlled by
prostate-specific transcriptional regulatory complexes present in the prostatic epithelial cells.
These data suggests that TS1 and TS2 work cooperatively to control PB gene expression in
the prostate, similar to the cooperatively seen between ARBS-1 and ARBS-2 (50).

Both TS1 and TS2 are adjacently positioned to ARBS-1 and ARBS-2, respectively,
suggesting a fixed binding site organization may be conserved due to functional importance.
The TS1 and TS2 elements are maintained in the PB promoters including the −10,806/+28
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and the −426/+28 promoters that have been successfully utilized to generate transgenic mice
(9,10). In addition, the ARR2PB promoter duplicates the ARR region, resulting in four
ARBS and three tissue-specific elements (one TS1 plus two TS2) that function
cooperatively as a strong prostate-specific promoter in vitro and in vivo (25). Interestingly,
TS1 and TS2 are interchangeable in biological function; however, wild type conformation of
the TS1 and TS2 is required for the optimal PB activity in prostate cells, suggesting that TS1
and TS2 bind similar but not completely identical transcriptional complexes. We have
demonstrated that FoxA1, a forkhead transcription factor, is bound to TS1 and TS2 where it
directly interacts with the AR (16,51), reviewed in (51). Using TS1 and TS2 probes and
nuclear extracts derived from prostate (LNCaP and PC-3) and non-prostate (MCF-7 and
Hela) cell lines, we show by EMSA that differences in electrophoretic mobility are
attributable to FoxA1 binding to TS1 and TS2 (Fig. 7C). We have recently shown that
FoxA1 is expressed in human and mouse prostate epithelium, and that FoxA1 expression is
essential for normal prostate development and differentiation (17,51-53). Specifically, we
have previously shown that prostates rescued from FoxA1 KO mice show a severely
disrupted ductal pattern resembling primitive epithelial cords, with an expansion of the basal
cell population, and a lack of epithelial differentiation and probasin expression, as well as
other molecular alterations. Interestingly, a putative prostate-specific binding site, close to a
strong ARE, has been reported within the PSA core enhancer, and this putative binding site
also can bind FoxA1 (25). Adjacently positioned forkhead and AREs also have been
identified in several key regulatory regions of other prostatic genes, suggesting a
fundamental role for FoxA1 in prostate-specific gene expression (16). Most intriguingly, a
direct interaction between FoxA1 and AR has been observed in these promoters, suggesting
that both transcription factors cooperatively participate in the expression of these androgen
regulated and prostate-specific genes (17). Further, the DNA binding of FoxA1 has been
reported to disrupt nucleosome formation thus relieving chromatin-mediated transcriptional
repression (54). However, a TS2 mutant with an intact FoxA1 binding site also showed a
significant reduction in PB activity in LNCaP cells, indicating that additional TS2-
interacting transcription factors are required for the promoter activation. Treatment with
androgen recruits AR and AP1 to the probasin promoter while FoxA1, Oct-1 and NFI are
constitutively bound. This suggests that FoxA1, Oct-1, and NFI play an architectural role by
modifying local chromatin environment to enhance the binding of ligand bound AR and
AP1 resulting in a cooperative stimulation of promoter activity. Thus, we propose that
tissue-limited transcription factors such as FoxA1 and AR as well as constitutively
expressed factors combine to dynamically regulates prostate-specific gene expression (1).

Through cell culture and transgenic animal studies, we demonstrated that although
additional flanking DNA sequences are required for maximal promoter activity, the PB ARR
(−244 to −96 bp) is sufficient for prostate-specific gene expression. Thus, the PB ARR
defines a realistic target size, within which the organization and interaction of the DNA
regulatory elements, along with their corresponding transcription factors, can be used to
study the mechanism of androgen-dependent prostate-specific gene expression. The strong
activity of the composite promoter ARR2PB demonstrates that multiple copies of the ARR
create a powerful androgen regulated and prostate-specific promoter. We demonstrate that
the TS1 and TS2 sequences (located within the ARR) are important regulatory regions for
prostate specific gene expression. Additional critical transcription factors that bind within
the TS sequences still remain to be identified.
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Fig. 1.
Identification of key cis-acting DNA elements within the –286PB promoter. Prostatic cell
lines and non-prostatic cell lines were tranfected with the –286PB Luc reporter constructs
together with the AR and Renilla luciferase expression vectors and relative Luc activities
were determined in the absence or presence of 10−8 M DHT as described in Materials and
Methods. The reporter gene activities were measured in at least three determinations ± SD,
and all experiments were adjusted for transfection efficiency. The luciferase activities are
expressed as relative luciferase light units/min/μg protein. (A), the wild type −286PB
promoter activities on different cells are shown. The reporter gene activities of the wild type
and mutant – 286PB promoters are shown in (B), LNCaP cells; (C), PC-3 cells; (D), COS-1
cells; (E), MCF-7 cells; and (F), PANC-1 cells.
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Fig. 2.
The locations of the key cis-acting DNA elements within –286PB are shown. TS1, TS2,
TATA box, and a putative CATT box are boxed. The potential Oct-1, C-jun, and NF-1
binding sites in –286PB promoter are marked with big arrows. The directions of the arrows
indicate the sense or the antisense strand that matched the consensus sequence. ARBS-1 and
ARBS-2 are up-lined. The lowercase c (small arrow) is the transcription initiation site (Tis)
of the PB gene.
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Fig. 3.
Mutational analysis of Oct-1, C-jun, and NFI binding sites within the –286PB promoter. (A),
Wild type PB promoter sequences containing underlined putative Oct-1, C-jun, and NFI
motifs were mutated (uppercase characters) as indicated in mtOct-1, mtC-jun, and mtNFI.
The consensus Oct-1, C-jun, and NFI sequences are shown as cOct-1, cC-jun, and cNFI.
(B), LNCaP cells were transiently transfected with wt –286PBLuc, mtOct-1, mtC-jun, or
mtNFI reporter constructs together with the AR and Renilla luciferase expression vectors
and relative Luc activities were determined in the absence or presence of 10−8 M DHT as
described in Materials and Methods. The reporter gene activities were measured in at least
three determinations ± SD, and all experiments were adjusted for transfection efficiency.
The luciferase activities are expressed as relative luciferase light units/min/μg protein.
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Fig. 4.
Characterization of the putative Oct-1, C-jun, and NFI binding sites within the –286PB
promoter. (A), LNCaP nuclear extracts (10 μg) were incubated with radiolabeled probes
corresponding to the wild type or mutated Oct-1 binding sites (−226/−197 bp) in the absence
or presence of unlabeled competitor oligonucleotides. The competitors are consensus Oct-1
fragment, wild type Oct-1 binding site, and mutant version of the Oct-1 binding site. Arrows
indicate the specific protein-DNA complexes. Complexes A, D, E and F were specifically
eliminated or reduced; however, the complex B was enhanced when anti-Oct-1 antibody was
added into reaction. Asterisk indicates a supershifted band with anti-Oct-1 antibody. (B),
LNCaP nuclear extracts (10 μg) were incubated with radiolabeled probes corresponding to
the wild type or mutated C-jun binding sites (−116/−87 bp) in the absence or presence of
unlabeled competitor oligonucleotides. The competitors are consensus C-jun fragment, wild
type C-jun binding site. Arrows indicate the specific protein-DNA complexes. Complexes
A, B, C and D are specifically eliminated or reduced by a consensus C-jun competitor. The
protein-DNA complex A was supershifted upon addition of anti-C-jun antibody. Asterisk
indicates the supershifted band with anti-C-jun antibody. (C), LNCaP nuclear extracts (10
μg) were incubated with radiolabeled probes corresponding to the wild type or mutated NFI
binding sites (−96/−67 bp) in the absence or presence of unlabeled competitor
oligonucleotides. The competitors are unlabeled consensus NFI, consensus Oct-1, wt NFI
binding site. Two specific protein-DNA complexes are marked as A and B. Both complexes
A and B are inhibited upon addition of unlabeled consensus NFI probe. The complex A was
supershifted when anti-NFI antibody was included in the reaction. Asterisk indicates a
supershifted band with anti-NFI antibody.
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Fig. 5.
Cis-binding factors interact with the large probasin promoter in vivo. Neo-Tag cells which
contain the endogenous large probasin promoter were treated in the presence or absence of
DHT for 24 hours, after which ChIP assays were performed as indicated in materials and
methods.
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Fig. 6.
TS1 and TS2 share similar biological function on −286PB promoter. (A) and (B), Similar
transcription factors bind to the TS1 and TS2 in LNCaP cells. The radiolabeled PB –257 to –
232 bp probe containing the TS1 (A) and PB –127 to –102 bp probe containing the TS2 (B)
were incubated with 10 μg of the LNCaP nuclear extracts in the absence or presence of
200×, 100×, 50×, 25×, 12.5× and 6.25× unlabeled TS1 or TS2 competitors. (C), Schematic
representation of the wild type – 286PBLuc, TS1/TS1, TS2/TS2, and TS2/TS1 reporter
constructs. (D), LNCaP cells were transiently transfected with wild type –286PBLuc, TS1/
TS1, TS2/TS2, and TS2/TS1 reporter constructs together with the AR and Renilla luciferase
expression vectors and relative Luc activities were determined in the absence or presence of
10−8 M DHT as described in Materials and Methods. The reporter gene activities were
measured in at least three determinations ± SD, and all experiments were adjusted for
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transfection efficiency. The luciferase activities are expressed as relative luciferase light
units/min/μg protein.
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Fig. 7.
Interaction between cell specific transcription factor(s) and TS1 and TS2 are required for –
286PB activation. (A) and (B), Electromobility shift assays of TS1 and TS2 reveal cell
specific protein-DNA complexes. The radiolabeled PB –257 to – 232 bp probe containing
the TS1 (A) and PB –127 to –102 bp probe containing the TS2 (B) were incubated with 20
μg, 10 μg, and 5 μg of the LNCaP, PC-3, Hela, and MCF-7 nuclear extracts; complexes
were resolved on 5% polyacrylimide gels. (C), Radiolabeled TS1 (lanes 2-3) and TS2 probes
(lanes 4-5) were used in EMSA with LNCaP nuclear extracts, in the presence (lanes 3 and 5)
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or absence (lanes 2 and 4) of FoxA1 antibody. Same super shift experiments were performed
for PC-3 (lanes 7-8) and Hela cells (lanes 11-12). (D), Wild type PB promoter sequences –
127 to –102 bp, containing a FoxA1 motif (bolded) within the TS2 (underlined), was
mutated (lowercase characters) as indicated in mt1-mt4. (E), LNCaP cells were transiently
transfected with wild type –286PBLuc, and mt1-mt4 reporter constructs together with the
AR and Renilla luciferase expression vectors and relative Luc activities were determined in
the absence or presence of 10−8 M DHT as described in Materials and Methods. The
reporter gene activities were measured in at least three determinations ± SD, and all
experiments were adjusted for transfection efficiency. The luciferase activities are expressed
as relative luciferase light units/min/μg protein. (F), LNCaP nuclear extracts (10 μg or 20
μg) were incubated with radiolabeled probes corresponding to the wt or mutated TS2 (−127
to −102 bp) in the absence or presence of 100X unlabeled mutated TS2 competitor
oligonucleotides; complexes were resolved on 5% polyacrylimide gels.
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Fig. 8.
Evaluation of androgen-induced activities of the wild type –286PBCAT,
mtTS1/−286PBCAT and mtTS2/−286PBCAT constructs in LNCaP cells. (A) Schematic
representation of the wild type –286PBCAT, mtTS/1-286PBCAT and mtTS2/−286PBCAT
constructs. (B) These constructs were cotransfected with AR and Renilla luciferase
expression vectors into LNCaP cells and treated with or without 10−8 M DHT for 24 hours
before harvest. Background activities of cell lysates with no DNA transfection were
subtracted from the data contained in the experimental group, before the normalization with
Renilla luciferase activities. The activity induction in response to hormone treatment was
determined by comparing receptor gene activity induced by DHT to the corresponding
baseline values in the absence of hormone. Data shown here are a representative from at
least three independent experiments in triplicate. Error bars indicate SD values. Results are
presented as relative CAT activities dpm/min/mg protein.
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Fig. 9.
Evaluation of androgen-induced activities of the ARR2PBCAT delARR2PBCAT, and
ARR2TKCAT constructs in LNCaP cells. (A) Schematic representation of the ARR2PBCAT
delARR2PBCAT, and ARR2TKCAT constructs. (B) These constructs were cotransfected
with AR and Renilla luciferase expression vectors into LNCaP cells and treated with or
without 10−8 M DHT for 24 hours before harvest. Background activities of cell lysates with
no DNA transfection were subtracted from the data contained in the experimental group,
before the normalization with Renilla luciferase activities. The activity induction in response
to hormone treatment was determined by comparing receptor gene activity induced by DHT
to the corresponding baseline values in the absence of hormone. Data shown here is
representative for at least three independent experiments in triplicate. Error bars indicate SD
values. Results are presented as relative CAT activities dpm/min/mg protein.
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