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Abstract

Background: Androgens and androgen receptors (AR) regulate normal prostate development
and growth. They also are involved in pathological development of prostatic diseases, including
benign prostatic hyperplasia (BPH) and prostate cancer (PCa). Antiandrogen therapy for PCa, in
conjunction with chemical or surgical castration, offers initial positive responses and leads to
massive prostate cell death. However, cancer cells later appear as androgen-independent PCa. To
investigate the role of AR in prostate cell proliferation and survival, we introduced a vector-based
small interfering RNA (siRNA). This siRNA targeted 5'-untranslated region of AR mRNA for
extended suppression of AR expression in androgen-sensitive human prostate LNCaP cells.

Results: The siRNA design successfully suppressed endogenous AR expression, as revealed by
western blotting and immunofluorescence staining in LNCaP cells. LNCaP cells did not proliferate
in the absence of AR and underwent apoptosis, based on elevated phospho-Histone H2B
expression and higher number of apoptotic body as compared to control cells.

Conclusion: We demonstrated that AR is vital for prostate cell proliferation and survival in this
androgen-sensitive prostate cell line. These results further strengthen the hypothesis that AR can
be a therapeutic target for treating androgen-sensitive stages of PCa. Unlike antiandorgens,
however, siRNA targeting AR provides a direct inactivation of AR function through the suppression
of AR protein expression.

Background hyperplasia (BPH) and prostate cancer (PCa). Androgen
Androgens are critical for the development and growth of  receptors (AR) transduce androgen signals in prostate cells
normal prostate. They also are responsible for the devel-  to regulate the physiological and pathological develop-

opment of prostate diseases, including benign prostatic =~ ment of the gland [1]. It is classically characterized that
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after ligand binding [mainly 5a-dihydrotestosterone (5a.-
DHT)] the ligand-AR receptor complex with associated
proteins translocates into the nucleus, binds to the con-
sensus sequence of androgen response elements (AREs)
[2], and regulates androgen responsive genes (ARGs)
expressions [3]. Conditions that activate abnormal AR
trans-activation through AR mutations [4,5], amplifica-
tion of AR [6], or androgen-independent signaling path-
ways [7,8] can lead to or be a result of the development of
prostatic diseases or androgen refractory PCa.

Clinically, androgen ablation therapy is used to reduce AR
ligand production or to block AR-mediated signaling. Fin-
asteride, a 5a-reductase type 2 inhibitor, has been used for
treating patients with BPH. Finasteride slows the progres-
sion of BPH by suppressing 5a-DHT synthesis [9]. Andro-
gen ablation therapy for PCa has been achieved using
compounds called antiandrogens. Antiandrogens com-
pete with 50-DHT for AR binding and intend to block AR-
mediated signaling. Antiandrogens are classified, accord-
ing to their chemical structure, as either steroidal antian-
drogens (ie, cyproterone acetate or medroxyprogesterone
acetate) or non-steroidal anti-androgens [ie, nilutamide
(Anandron™), flutamide (Eulexin™), and bicalutamide
(Casodex™)] [10]. Unfortunately, essentially all of the
patients who show initially favorable responses to the
androgen blockade eventually become refractory to this
treatment [11].

Abruption of AR signaling has been examined in experi-
mental models to investigate AR-mediated prostate cell
physiology and pathophysiology. An antisense oligonu-
cleotide [12], a hammerhead robozyme [13], and micro-
injection of an AR neutralizing antibody [14] have been
designed to suppress AR expression or block AR-mediated
signaling in in vitro models. The advance of RNA interfer-
ence (RNAIi) technology provides a tool to suppress gene
expression through post-translational gene silencing
(PTGS) [15]. This technology utilizes duplex small inter-
fering RNAs (siRNAs) of about 19-23 nucleotides to sup-
press the expression of the homologous gene [16,17].
Wright et al. reported a successful use of a synthetic dou-
ble-stranded (ds) siRNA to suppress endogenous AR
expression in LNCaP cells [18]. In this study, we estab-
lished a vector-based siRNA plasmid construct targeting
the 5'-untranslated region (5'-UTR) of the AR in the same
prostate cell line. We successfully achieved AR silencing in
LNCaP cells, and further demonstrated that these cells
could neither proliferate nor survive in the absence of the
AR. We concluded that AR signaling is required for both
prostate cell proliferation and survival, at least in andro-
gen-sensitive states. Specific blocking of AR expression
and AR-mediated signaling is required for a successful
androgen blockade in patients with prostate diseases. In
addition, the vector-based AR silencing design provides a
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tool to study AR-associated genomic and non-genomic
effects and to identify potential pathways that cross-talk
with AR.

Results and discussion

To identify the role of AR in AR-positive, androgen-sensi-
tive LNCaP cells, we designed a vector-based siRNA plas-
mid construct to achieve "long-term" AR silencing. This
construct contained the U6 promoter-driven sense and
antisense strands of AR siRNA that have a termination sig-
nal consisting of 6 thymidines. This construct also
included a constitutively expressed CMV promoter-driven
green fluorescence protein (GFP), designated pSiAR-EGFP
(Fig. 1). Because there is an adverse effect on androgen-
sensitive prostate cell proliferation in the absence of the
AR [12,14,18], the inclusion of the CMV promoter-driven
GFP expression could be used to select and enrich AR-neg-
ative LNCaP cells following transfection. A construct,
named pSiCon-EGFP, was established with a scrambled
AR target sequence and served as a control. At 16 hours
following transfection, GFP was expressed and detectible
under a fluorescence microscope (data not shown).

Plasmid siRNA construct targeting 5'-UTR of AR mRNA
suppressed AR expression in LNCaP cells

To determine whether the pSiAR-EGFP construct was
capable of expressing siRNA, thereby suppressing AR
expression in LNCaP cells, cells were transfected with
pSiAR-EGFP or with pSiCon-EGFP construct. AR expres-
sion was monitored by staining these cells with mouse-
anti-human AR monoclonal antibody. Immunocyto-
chemical staining of LNCaP cells showed that portions of
cells transfected with pSiAR-EGFP plasmid had no detect-
ible AR expression, whereas cells transfected with pSiCon-
EGFP continued to show AR expression in all cells (Figure
2A). However, at 2 weeks following transfection, there
was no detectible GFP-positive or AR-negative LNCaP
cells in the pSiAR-EGFP transfected group (data not
shown). This suggested that either the cells lost their trans-
fected pSilencer plasmids, or that the cells receiving the
PSIAR-EGFP could, in fact, not survive in the absence of
the AR.

To demonstrate that GFP can be used as a marker for
selecting AR-negative LNCaP cells, pSiAR-EGFP or pSi-
Con-EGFP transfected cells were trypsinized 24 hours fol-
lowing transfection. GFP-positive cells were collected
through a cell sorter to determine AR protein expression.
Western blot analysis showed no detectible AR protein
expression in GFP-positive cells transfected with pSiAR-
EGFP. However, GFP-positive cells receiving the control
pSiCon-EGFP construct continued to express AR protein
(Figure 2B). This result demonstrated that GFP positive
cells are AR negative cells.
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Figure |

A vector-based plasmid construct for suppression of AR expression in LNCaP cells. (A) Two single-stranded oligo-
nucleotides were synthesized consisting of a 19 nucleotide of -25 to -7 bp 5'-UTR of the AR mRNA separated by a short loop
sequence from the reverse complement of the same sequence. The sense strand of synthesized oligonucleatides was ended
with five thymidines as termination signal. The annealed ds DNA contained Bgl Il and Sfi | restriction at its 5' and 3' end of the
oligonucleotides, respectively. (B) Schematic drawing of the pSiAR-EGFP vector. The expression construct was designed to
expression AR siRNA driven by U6 promoter for suppression of endogenous AR expression in mammalian cells. The expres-
sion construct also contained EGFP driven by the CMV promoter constitutive expression of GFP in target cells.

The use of 5'-UTR as a target for designing siRNA has been
discouraged, because UTR binding proteins and/or trans-
lation initiation complexes may interfere with siRNA
endonuclease complex binding [19]. There are multiple
mutations in cases of PCa being identified throughout the
AR coding regions [20-22]. This makes the selection of the
AR coding region for siRNA design possibly inappropriate
and insufficient to block the expression of mutated AR in
PCa patients. We selected three 5'-UTR regions of the AR
for our siRNA design; only the region between -25 to -7 bp
could successfully suppress AR expression in LNCaP cells
(data not shown). Our results further demonstrated that
siRNA's efficacy of suppressing gene expression varies

from one region to another, due to target sequence struc-
tures [23].

LNCaP celis required AR to support cell proliferation

To determine LNCaP cell proliferative capability in the
absence of AR, cell proliferation with and without cell
sorting was performed following the silencer construct
transfection. When cell proliferation was performed with-
out cell sorting, during a 9 day period the pSiAR-EGFP
transfected LNCaP cells consistently proliferated slower
than the parental cells and the pSiCon-EGFP transfected
cells (Figure 3A). After 9 days in culture, both parental and
control cells reached confluence. The reduced cell
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Figure 2

Suppression of endogenous AR expression in LNCaP cells using the pSiAR-EGFP expression construct. LNCaP
cells were transfected with either the pSiAR-EGFP or the pSiAR-EGFP construct using the Lipofectemine 2000 protocol. (A)
Immunocytochemical detection of AR expression in transfected cells. To determine AR expression in LNCaP cells, following
transfection, cells were stained with mouse anti-human AR monoclonal antibody (1:100 dilution) followed by AlexaR FluorR
594 conjugated goat anti-mouse IgG secondary antibody (2 mg/ml) incubation. The AR staining was detected by fluorescent
microscopy (BX51, Olympus). The images were composite between the red with the positive in AR staining with the phase-
contract from the same field. Suppression of endogenous AR expression was demonstrated by the absence of red fluorescence
staining as indicated by arrows. DAPI staining showed the number of cells in the same field. (B) Western blot analysis of AR
expression in pSIAR-EGFP and control transfected cells. At 7 days following transfection, both GFP-positive and GFP-negative
cells were collected through cell sorter; and cells were lysed to prepare cellular protein extracts. Aliquots of 20 g total cellu-
lar protein were loaded into Tris-HCI gels and transferred to PDVF membranes. The AR expression was determined by incu-
bating with mouse anti-human AR monoclonal antibody (1:500) followed by the HRP-conjugated anti-mouse IgG (1:125,000)
secondary antibody incubation. Immunoreactive signals were detected using ECL. Levels of 3-actin expression was also deter-
mined in each sample and used as protein loading control.
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Figure 3

Suppression of LNCaP cell proliferation in the absence of endogenous AR. LNCaP cells were seeded in tissue cul-
ture plates and transfected with a mixture of either pSiAR-EGFP or pSiCon-EGFP plasmid construct with Lipofecamine 2000 in
OPTI-MEM. (A) Cell proliferation without separation of GFP-positive and negative cells. At 24 hours following transfection,
cells were trypsinized and distributed into each well (1,000 cells/well) of 96-well tissue culture plates in the presence the com-
plete medium. Cell proliferation was determined using the XTT assay kit for a period of 9 days; data from days | | and 14 were
not included since parental and pSiCon-EGFP transfected LNCaP cells reached confluence after day9. (B) LNCaP cell prolifera-
tion following enrichment of GFP-positive cells. At 24 hours after transfection, cells were trypsinized and EGFP-positive cells
were collected through the MoStar cell sorting system. GFP-positive cells were seeded into each well (1,000 cells/well) of 96-
well plates for cell viability assay. Cell proliferation was determined for a period of 14 days. Data were calculated as absorbance
at days following transfection normalized to the absorbance at the day of cell sorting, and presented as fold induction in
absorbance. LNCaP cells transfected with pSiCon-EGFP plasmid construct were used as the AR-positive control. * represents
significant statistical difference between LNCaP cells with and without AR (P < 0.001). Each time point represents the mean +
SEM from 3 independent experiments.
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Elevated expression of phospho-histone H2B S(14) in
AR-knockdown LNCaP cells. LNCaP cells were either
transfected with pSiAR-EGFP or pSiCon-EGFP plasmid con-
struct. On day 6 after transfection, cells were harvested. Cel-
lular proteins were extracted using acid extraction method,
electrophoresized through gradient Tris-HCI gels, and elec-
troblotted onto PYDF membranes. Levels of phospho-his-
tone H2B expression was detected by an immunoassay
procedure.

proliferation in pSiAR-EGFP transfected cells might reflect
that cells receiving the AR siRNA construct failed to prolif-
erate in the absence of AR.

To confirm that AR signaling is required for LNCaP cell
proliferation, GFP enriched LNCaP cells were collected
through cell sorting at 24 hours following transfection.
LNCaP cells transfected with the pSiCon-EGFP construct
continued to grow over the entire experimental period
(Figure 3B). This indicates that the silencer control con-
struct did not affect cell proliferation. However, pSiAR-
EGFP transfected LNCaP cells (GFP-positive, AR-negative)
failed to proliferate (Figure 3B), indicating that the andro-
gen-sensitive prostate cells require AR for proliferation.

Suppression of AR expression and inactivation of AR func-
tion in prostate cells has been achieved through the use of
an antisense oligonucleotide [12,24], a hammerhead
robozyme [13], and a synthesized ds siRNA duplex [18] to
target AR mRNA. Microinjection of an AR neutralizing
antibody has also been reported to block AR-mediated
signaling in LNCaP cells [14]. Recently, the use of vector-
based siRNA targeting AR has been reported to study the
involvement of AR signaling in vitamin D-suppressed
prostate cell growth [25]. These published approaches
were intended for transient gene silencing in target cells,
and provided short term elimination of AR expression. All
of the currently published results are consistent with our
observations that disruption of AR signaling adversely
affects androgen-sensitive LNCaP cell proliferation.

http://www.cancerci.com/content/5/1/8

LNCaP cells required AR to maintain survival

To determine whether LNCaP cells could survive without
AR, we determined the levels of phospho-histone H2B
expression and the number of apoptotic body following
AR silencing. Histon H2B phosphorylation has been
shown to be uniquely associated with apoptosis, specifi-
cally in apoptosis-induced chromatin condensation in
mammalian cells [26]. Its expression significantly
increases in cells undergoing apoptosis [27]. Using West-
ern blot analysis, phospho-histone H2B expression was
quantitated in LNCaP cells transfected with either pSiAR-
EGFP or pSiCon-EGFP. There was no detectible phospho-
histone H2B signal in pSiAR-EGFP or control transfected
cells at 4 days after transfection (data not shown). Six days
following pSiAR-EGFP transfection, however, elevated
levels of phospho-histone H2B expression were detected
in AR negative LNCaP cells. At that time, there was no
detectible phospho-histone H2B in the pSiCon-EGFP
transfected LNCaP cells (Figure 4).

To prove that AR signaling is required for LNCaP cell sur-
vival, the number of cells undergoing apoptosis (demon-
strated by the presence of apoptotic bodies) was
determined in cells transfected with pSiAR-EGFP and
control constructs (Figure 5). The average number of
apoptotic bodies in pSiAR-EGFP transfected cells was
52.89 per 1,000 cells, versus 6.53 in 1,000 pSiCon-EGFP
transfected cells (Table 1). The transfection efficiencies for
each vector were not statistically significant — pSiAR-EGFP
was 17.0% and pSiCon-EGFP was 22.9% (Table 1). When
the number of apoptotic bodies was corrected for transfec-
tion efficiency, ABI was 296.2 for pSiAR-EGFP and 29.2
for pSiCon-EGFP transfected cells (Table 1). The ABI was
statistically higher in pSiAR-EGFP transfected cells versus
pSiCon-EGFP transfected cells. These results demon-
strated that LNCaP cells lacking AR would go through the
process of apoptosis.

To demonstrate that LNCaP cells could survive with tran-
sient suppression of AR, we also performed AR protein
expression knockdown using a synthesized, pooled ds
siRNA, siRNA SMARTpool AR” (Upstate). This siRNA pool
suppressed a majority (greater than 95%) of AR protein
expression in LNCaP cells at 16 hours after transfection, as
compared to cells transfected with a non-specific control
pool. The cells maintained suppressed levels of AR protein
expression for at least 72 hours following transfection.
They resumed AR expression, to 20-30% of normal levels,
after 72-96 hours post-transfection (data not shown).
LNCaP cells could survive in the absence of AR for at least
3-4 days, as indicated by the lack of detectable phospho-
histone H2B signals at 96 hours following the pSiAR-
EGFP transfection (data not shown). Due to the transient
nature of the use of antisense oligonucleotides, hammer-
head robozymes, ds siRNA duplexes, and microinjected
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Figure 5

Elevated number of apoptotic LNCaP cells trans-
fected pSiAR-EGFP construct. Apoptotic bodies in
LNCaP cells transfected with control vector pSiCon-EGFP
(A) and pSiAR-EGFP (B). Following transfection with these
plasmid constructs, LNCaP cells were collected through cen-
trifugation, fixed in neutralized formalin, and encased in
agrose blocks. Cell blocks were paraffin-embedded, sec-
tioned, deparaffinized, rehydrated, and stained with hematox-
ylin. Apoptotic bodies which showed condensed and/or
cleaved nucleus were counted from random fields and
numerical data are shown in Table |I.

neutralizing antibodies against AR, cell survival in the
extended absence of AR could not be assessed. Using the
combination of the vector-based siRNA delivery and
enrichment of AR-negative cells through the selection of
GFP-positive cells enabled us to study cell behavior in the
absence of AR over an extended time-period.

http://www.cancerci.com/content/5/1/8

Antiandrogens are used to prevent the acquisition of a
transcriptionally active conformation of the AR. The
induction of apoptosis in prostate cells treated with bical-
utamide has been observed [28]. However, several reports
also indicate that in the presence of bicalutamide, prostate
cells survive in culture [29], regain cell growth after an
extended period of exposure to the antiandrogen [30,31],
and become a more invasive phenotype [32]. Bicaluta-
mide can also act as an AR agonist, resulting in the stimu-
lation of AR trans-activation [33]. Furthermore, it has been
indicated that bicalutamide may support prostate cell sur-
vival and progression through selection of cells with AR
mutations [34] or cells with elevated expression of growth
factors [35]. These mutations generate receptors that
respond to other steroids and antiandrogens by increased
trans-activation  [4]. These results suggest that
antiandrogens may be insufficient to block AR signaling
through multiple candidate pathways.

The potential use of RNAi technology has been investi-
gated in the field of gene therapy [36,37]. Targeting AR
suppression using RNAi might be more efficient and spe-
cific than using antiandrogens to inactivate AR trans-acti-
vation and turn off ARGs expression. LNCaP cells
potentially consist of multiple cell lineages, due to the
development of multiple sublines from the original
LNCaP cells [38-40]. Although all LNCaP cells transfected
by the AR siRNA construct could neither proliferate nor
survive in the absence of the AR in this study, we do not
have information regarding specific sub-populations that
may be more susceptible to transfection and sensitive to
the absence of the AR. The development of a more effi-
cient delivery system, such as the lentiviral-based gene
delivery system [41], may allow for further study of AR sig-
naling in multiple prostate cell lines.

Conclusion

We concluded that all PCa cells, at least in the androgen-
sensitive and AR-positive stages, require AR for continued
proliferation and survival. The identification of AR path-
way and ARG(s) that transduce androgen signaling might
provide a specific target to block androgen-activated, AR-
mediated prostate cell growth. Specifically targeting AR or
its downstream signaling molecules potentially will be
effective in achieving total androgen blockade. With the
development of "long-term" siRNA and efficient delivery
systems in vivo, we may achieve a total AR blockade in the
prostate, thereby improving treatment for patients with
prostate diseases.

Methods

Establishment of AR silencer plasmid constructs

To establish a siRNA plasmid construct with fluoresce
selection marker, a multiple cloning site (MCS) was
excised from the pSE380 (Invitrogen) using Bcl I and Hind
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Table I: Apoptotic body indices in pSiAR-EGFP and pSiCon-EGFP transfected LNCaP cells

# of apoptotic bodies (per 1,000)2

Mean + S.D.
pSiAR-EGFP 52.89 +£22.12b
pSiCon-EGFP 6.53 +2.85

Transfection efficiency (%) Apoptotic body indexc

Mean + S.D. Mean + S.D.
17.0 £ 3.45 296.2 £ 78.2b
229 +2.84 292 + 154

2 The number of apoptotic bodies were was determined by counting 1,000 cells from each of 3 independent hematoxylin stained slides.
b Significant difference between pSiAR-EGFP and pSiCon-EGFP transfected cells (p < 0.05).
¢ Apoptotic body indices were calculated after normalizing to transfection efficiency.

I1I. The MCS containing fragment was subcloned into Bam
HI and Hind III linearized pSilencer 2.1-U6 hygro vector
(Ambion) to obtain pSilencer 2.1-U6 MCS hygro. The
IRES2-EGFP fragment coding for GFP was excised from
pIRES2-EGFP (BD Biosciences Clontech) using Bgl II and
Afl 1. This excised fragment was then subcloned into the
pSilencer 2.1U6 MCS hygro linearized with Bl I and Sal 1
in the presence of a short adaptor containing Afl I site on
its 5'ends and Sal I site on its 3'ends. This established plas-
mid was named pSilencer 2.1-U6-IRES2-EGFP. To create
the silencer construct targeting AR, two complementary
strands of oligonucleotides targeting -25 to -7 bp
upstream from the ATG transcription start codon of the
AR (GenBank accession number M20132; Figure 1A) with
Bgl 1T and Sfi I sites on its 5' and 3' ends, respectively, was
synthesized and annealed. The ds oligonucleotide was
cloned into Bam HI and Hind III linearized pSilencer 2.1-
UG6-IRES2-EGFP. The 19-nucleotide AR target sequence is
indicated in the sense strand of the synthesized ds DNA.
The U6 promoter-driven siRNA expresses the sense and
antisense strands of AR siRNA [42] that have a termina-
tion signal consisting of 6 thymidines [43].

Since the SV40 promoter could not provide sufficient lev-
els of GFP expression in LNCaP cells for monitoring suc-
cessful transfection (data not shown), the SV40 promoter
was replaced by cymagalovirus (CMV) promoter. The
CMV promoter was excised from pIRES2-EGFP with Nsi 1
and Xho 1, and ligated into Aat II and Xho I linearized pSi-
lencer 2.1-U6-IRES2-EGFP. The final construct was desig-
nated pSiAR-EGFP (Figure 1B). Control construct also was
established by cloning an annealed ds DNA fragment with
a scrambled 19-nucleotide AR target sequence, named
pSiCon-EGFP. The scrambled sequence was subjected to
Blast search to ensure no match to any known transcript.

LNCaP cell culture, transfection, and selection of cells
transfected with the AR silencer expression construct
LNCaP cells were purchased from ATCC (CRL-1740).
They were cultured and maintained in complete growth
medium consisting of RPMI1640 (Invitrogen) supple-
mented with 10% fetal bovine serum (FBS), 100 unit/ml

penicillin, and 100 pg/ml streptomycin (Invitrogen) in a
humidified atmosphere containing 5% CO, at 37°C.
Transfection of cells with the plasmid silencer constructs
was performed in either 60 or 100 mm tissue culture
plates using Lipofecamine 2000 (Invitrogen) when cells
reached 80-90% confluence. Briefly, for transfection in
100 mm plates, 24 pg of plasmid DNA and 60 pl of Lipof-
ecamine 2000 transfection reagent were diluted separately
in 1.5 ml of OPTI-MEM (Invitrogen). They were then
combined, and incubated at room temperature for 20
minutes. The mixture was added to LNCaP cells in the
presence of 10 ml OPTI-MEM (Invitrogen). The serum
free medium was replaced by the complete growth
medium 4-6 hours following transfection. The day of
transfection was defined as day 0. To select cells that
received the silencer constructs, LNCaP cells were
trypsinized at 24 hours after transfection (day 1). GFP-
positive LNCaP cells were collected using MoStar cell sort-
ing system. For determining the apoptotic index, transfec-
tion efficiency was calculated at 24 hours after
transfection. A total of 1,000 cells were randomly selected
under a microscope equipped with fluorescence filters
from 2-3 fields. The percentages of cells expressing GFP
were termed "transfection efficiency". The transfection
efficiency average was calculated from three independent
experiments for each plasmid transfection.

Immunocytochemical staining of AR in LNCaP cells

To demonstrate that the AR silencer plasmid construct
could suppress AR expression in LNCaP cells, at 24 hours
post-transfection the cells were re-seeded onto cover slips
in 24-well tissue culture plates at the density of 2,000
cells/well. Cells were incubated overnight for adherence.
They were sequentially fixed in methanol for 10 minutes
and acetone for 1 minute. Cells were then permeabilized
with 0.2% triton-X-100 (Simga) in 1x phosphate buffered
saline (PBS) at room temperature for 20 minutes. Follow-
ing incubation with 10% goat serum in 1x PBS to block
non-specific binding, cells were incubated for another 1
hour with mouse anti-human AR monoclonal antibody
(1:100; NOVOCastra) in 1x PBS containing 10% goat
serum. Following three washes with PBS supplemented
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with 0.5 mM CaCl, and MgCl,, cells were incubated with
Alexa Fluor® 594-conjugated goat anti-mouse 1gG (1:200;
Molecular Probes) secondary antibody. For nuclei stain-
ing, cells were incubated with 0.1 ug/ml 4',6'-diamidino-
2-phenylindole hydrochloride (DAPI) at room tempera-
ture for 20 minutes. Images were captured by fluorescent
microscopy (BX51, Olympus) equipped with the SPOT
software (Diagnostic Instrument).

Protein extraction and Western blot analysis

Western blot analysis was performed to determine AR lev-
els and phospho-histone H2B expression in LNCaP cells
transfected with the silencer constructs. To determine lev-
els of AR expression, pSiAR-EGFP and control transfected
GFP-positive LNCaP cells were collected through cell sort-
ing. They were lysed with cell lysis buffer consisting of 5
mM EDTA, 0.5% Triton-X-100, and 0.1 mM phenylmeth-
ylsulphonylfluoride (PMSF) in 1x PBS at 1 pl/10% cells.
Total cellular extracts were collected following centrifuga-
tion. Protein concentrations were determined by bicin-
choninic acid (BCA) protein assay kit (Pierce). Aliquots of
20 ug of the protein extracts were separated on 10% Tris-
HCl gel (Bio-Rad). Proteins were then transferred to PVDF
membranes (Bio-Rad). AR protein was detected by incu-
bating the membranes with the mouse anti-human AR
monoclonal antibody (1: 500) at room temperature for 2
hours. This was followed by the horseradish peroxidase
(HRP)-conjugated anti-mouse IgG (1:125,000; KPL) sec-
ondary antibody incubation at room temperature for
another hour. Immunoreactive protein was detected using
the enhanced chemiluminescent (ECL) reagent (Pierce)
according to the manufacturer's protocol.

To determine histone H2B phosphorylation levels in
LNCaP cells in the absence of AR protein, cells were trans-
fected with either pSiAR-EGFP or control construct as
described. Cellular proteins were extracted with acid
extraction buffer consisting of 10 mM Hepes (pH 7.9), 1.5
mM MgCl,, 10 mM KCl, 0.5 mM DTT, and 1.5 mM PMSF
in the presence of 0.2 M hydrochloric acid. This was com-
pleted according to procedures provided by the antibody
supplier (Upstate). Soluble proteins were collected from
supernatants after centrifugation at 11,000 x g for 10 min-
utes. Proteins were then dialyzed overnight against dis-
tilled water. Aliquots of 30 pg proteins were prepared
from each sample, separated on 4-20% gradient Tris-HCl
gels (Bio-Rad), and transferred to PVDF membranes. After
blocking non-specific binding, the membranes were incu-
bated overnight with rabbit anti-phospho-histone H2B
S(14) antibody (1:500; Upstate) at 4 °C. This was fol-
lowed by a HRP-conjugated anti-rabbit IgG (1:10,000;
Cell Signaling) secondary antibody incubation followed
by ECL detection.

http://www.cancerci.com/content/5/1/8

Cell proliferation assay

Cell proliferation assay was determined in pSiAR-EGFP
and pSiCon-EGFP transfected LNCaP cells. At 24 hours
following transfection, they were either directly seeded
into tissue culture plates or subjected to cell sorting to col-
lect GFP-positive cells prior to cell seeding. Cells were
seeded into 96-well plates at 1,000 cells/well. Cell prolif-
eration was determined using XTT cell proliferation assay
kit (Roche) following the manufacturer's protocol. Prolif-
eration was evaluated for a period of 14 days. Data
analysis of three independent transfections of cells sorted
for GFP-positive cells was performed as previously
reported [44]. Results were presented as mean + standard
error of means (SEM).

Determination of apoptotic index in cell blocks

To characterize whether LNCaP cells undergo apoptosis in
the absence of AR, numbers of apoptotic bodies were
quantitated in LNCaP cells transfected with pSiAR-EGFP
and control silencer constructs. Transfected cells were
tripsinized and centrifuged at 400 x g for 5 minutes to col-
lect the cells. The cell pellets were fixed in 10% formalin
for at least 24 hours. They were then mixed with drops of
warm 2% agarose in order to form cell-agarose blocks. The
cell blocks were paraffin embedded, cut at 4-6 pm,
mounted on microscope slides, and baked at 55 °C over-
night. The slides were deparaffinized, rehydrated to water,
and stained by hematoxylin. Apoptotic bodies were quan-
titated under a bright field microscope at 400x magnifica-
tion. Apoptotic bodies were defined as small, roughly
spherical or ovoid cytoplasmic fragments, some of which
contained nuclear fragments [45]. The density of apop-
totic cells was determined by counting 1,000 cells from
each transfection. Quantitative analyses of apoptotic
changes were recorded as apoptotic body indices (ABI, the
number of apoptotic cells/transfection efficiencies).

Statistical Analysis

For statistical analysis, data were presented as mean and
SEM from at least 3 independent experiments. Statistical
significance was determined when P < 0.05. Student t-test
was used for comparing two treatment groups.

Abbreviations
5a-DHT: 5a-dihydrotestosterone; AR: androgen receptor;
ARE: androgen response element; ARG: androgen
response gene; RNAi: RNA interference; siRNA: small
interfering RNA.

Acknowledgements
This work was supported by the NIH grant DK54925 to HKL.

References

. Heinlein CA, Chang C: Androgen receptor in prostate cancer.
Endocr Rev 2004, 25:276-308.

2. Roche PJ, Hoare SA, Parker MG: A consensus DNA-binding site
for the androgen receptor. Mol Endocrinol 1992, 6:2229-2235.

Page 9 of 10

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15082523
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1491700
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1491700

Cancer Cell International 2005, 5:8

20.

21.

22.
23.
24.

25.

Nelson PS, Clegg N, Arnold H, Ferguson C, Bonham M, White |,
Hood L, Lin B: The program of androgen-responsive genes in
neoplastic prostate epithelium. Proc Natl Acad Sci USA 2002,
99:11890-11895.

Culig Z, Hobisch A, Cronauer MV, Cato ACB, Hittmair A, Radmayr
C, Eberle J, Bartsch G, Klocker H: Mutant androgen receptor
detected in an advanced-stage prostatic carcinoma is acti-
vated by adrenal androgens and progesterone. Mol Endocrinol
1993, 7:1541-1550.

Buchanan G, Yang M, Harris JM, Nahm HS, Han G, Moore N, Bentel
JM, Matusik R], Horsfall D), Marshall VR, Greenberg NM, Tilley WD:
Mutations at the boundary of the hinge and ligand binding
domain of the androgen receptor confer increased transac-
tivation function. Mol Endocrinol 2001, 15:46-56.

Visakorpi T, Hyytinen E, Koivisto P, Tanner M, Keindnen R, Palmberg
C, Palotie A, Tammela T, Isola J, Kallioniemi O-P: In vivo amplifica-
tion of the androgen receptor gene and progression of
human prostate cancer. Nat Genet 1995, 9:401-406.

Nazareth LV, Weigel NL: Activation of the human androgen
receptor through a protein kinase A signaling pathway. | Biol
Chem 1996, 271:19900-19907.

Ueda T, Mawiji NR, Bruchovsky N, Sadar MD: Ligand-independent
activation of the androgen receptor by interleukin-6 and the
role of steroid receptor coactivator-l in prostate cancer
cells. | Biol Chem 2002, 277:38087-38094.

Stoner E: The clinical development of a 5o-reductase inhibi-
tor, finasteride. | Steroid Biochem Mol Biol 1990, 37:375-378.
Soloway MS, Matzkin H: Antiandrogenic agents as mono-
therapy in advanced prostatic carcinoma. Cancer 1993,
71:1083-1088.

Scher HI, Steineck G, Kelly WK: Hormone-refractory (D3) pros-
tate cancer: refining the concept. Urol 1995, 46:142-148.

Eder IE, Culig Z, Ramoner R, Thurnher M, Putz T, Nessler-Menardi
C, Tiefenthaler M, Bartsch G, Klocker H: Inhibition of LncaP pros-
tate cancer cells by means of androgen receptor antisense
oligonucleotides. Cancer Gene Ther 2000, 7:997-1007.

Chen S, Song CS, Lavrovsky Y, Bi B, Vellanoweth R, Chatterjee B, Roy
AK: Catalytic cleavage of the androgen receptor messenger
RNA and functional inhibition of androgen receptor activity
by a hammerhead ribozyme. Mol Endocrinol 1998, 12:1558-1566.
Zegarra-Moro OL, Schmidt L), Huang H, Tindall D): Disruption of
androgen receptor function inhibits proliferation of andro-
gen-refractory prostate cancer cells. Cancer Res 2002,
62:1008-1013.

Cogoni C, Macino G: Post-transcriptional gene silencing across
kingdoms. Curr Opin Genet Dev 2000, 10:638-643.

Elbashir SM, Harborth J, Lendeckel W, Yalcin A, Weber K, Tuschl T:
Duplexes of 21-nucleotide RNAs mediate RNA interference
in cultured mammalian cells. Nature 2001, 41 1:494-498.
Zamore PD, Tuschl T, Sharp PA, Bartel DP: RNAi: double-
stranded RNA directs the ATP-dependent cleavage of
mRNA at 21 to 23 nucleotide intervals. Cell 2000, 101:25-33.
Wright ME, Tsai M), Aebersold R: Androgen receptor represses
the neuroendocrine transdifferentiation process in prostate
cancer cells. Mol Endocrinol 2003, 17:1726-1737.

Elbashir SM, Harborth ], Weber K, Tuschl T: Analysis of gene func-
tion in somatic mammalian cells using small interfering
RNAs. Methods 2002, 26:199-213.

Newmark JR, Hardy DO, Tonb DC, Carter BS, Epstein JI, Isaacs WB,
Brown TR, Barrack ER: Androgen receptor gene mutations in
human prostate cancer. Proc Natl Acad Sc, USA 1992,
89:6319-6323.

Brinkmann AO, Jenster G, Ris-Stalpers C, van der Korput JAGM,
Briiggenwirth HT, Boehmer ALM, Trapman J: Androgen receptor
mutations. | Steroid Biochem Mol Biol 1995, 53:443-448.

Barrack ER: Androgen receptor mutations in prostate cancer.
The Mount Sinai | of Med 1996, 63:403-412.

Gou D, Jin N, Liu L: Gene silencing in mammalian cells by PCR-
based short hairpin RNA. FEBS Letters 2003, 548:113-118.

Ko Y], Devi GR, London CA, Kayas A, Reddy MT, Iversen PL, Bubley
GJ, Balk SP: Androgen receptor down-regulation in prostate
cancer with phosphorodiamidate morpholino antisense
oligomers. | Urol 2004, 172:1140-1144.

Bao BY, Hu YC, Ting HJ, Lee YF: Androgen signaling is required
for the vitamin D-mediated growth inhibition in human
prostate cancer cells. Oncogene 2004, 23:3350-3360.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

http://www.cancerci.com/content/5/1/8

Ajiro K: Histone H2B phosphorylation in mammalian apop-
totic cells. An association with DNA fragmentation. | Biol
Chem 2000, 275:439-443.

Cheung WL, Ajiro K, Samejima K, Kloc M, Cheung P, Mizzen CA,
Beeser A, Etkin LD, Chernoff |, Earnshaw WC, Allis CD: Apoptotic
phosphorylation of histone H2B is mediated by mammalian
sterile twenty kinase. Cell 2003, 113:507-517.

Lee EC, Zhan P, Schallhom R, Packman K, Tenniswood M: Antian-
drogen-induced cell death in LNCaP human prostate cancer
cells. Cell Death Differ 2003, 10:761-771.

Lin J, Adam RM, Santiestevan E, Freeman MR: The phosphatidyli-
nositol 3'-kinase pathway is a dominant growth factor-acti-
vated cell survival pathway in LNCaP human prostate
carcinoma cells. Cancer Res 1999, 59:2891-2897.

Hara T, Miyazaki ], Araki H, Yamaoka M, Kanzaki N, Kusaka M, Miya-
moto M: Novel mutations of androgen receptor: a possible
mechanism of bicalutamide withdrawal syndrome. Cancer Res
2003, 63:149-153.

Godoy-Tundidor S, Hobisch A, Pfeil K, Bartsch G, Culig Z: Acquisi-
tion of agonistic properties of nonsteroidal antiandrogens
after treatment with oncostatin M in prostate cancer cells.
Clin Cancer Res 2002, 8:2356-2361.

Zhan P, Lee EC, Packman K, Tenniswood M: Induction of invasive
phenotype by Casodex in hormone-sensitive prostate cancer
cells. | Steroid Biochem Mol Biol 2002, 83:101-111.

Brinkmann AO, Blok L), de Ruiter PE, Doesburg P, Steketee K, Ber-
revoets CA, Trapman J: Mechanisms of androgen receptor acti-
vation and function. | Steroid Biochem Mol Biol 1999, 69:307-313.
Taplin ME, Bubley GJ, Ko Y], Small EJ, Upton M, Rajeshkumar B, Balk
SP: Selection for androgen receptor mutations in prostate
cancers treated with androgen antagonist. Cancer Res 1999,
59:2511-2515.

Nickerson T, Pollak M: Bicalutamide (Casodex)-induced pros-
tate regression involves increased expression of genes
encoding insulin-like growth factor binding proteins. Urology
1999, 54:1120-1125.

Li S, Rosenberg JE, Donjacour AA, Botchkina IL, Hom YK, Cunha GR,
Blackburn EH: Rapid inhibition of cancer cell growth induced
by lentiviral delivery and expression of mutant-template tel-
omerase RNA and anti-telomerase short-interfering RNA.
Cancer Res 2004, 64:4833-4840.

Park WS, Hayafune M, Miyano-Kurosaki N, Takaku H: Specific HIV-
I env gene silencing by small interfering RNAs in human
peripheral blood mononuclear cells. Gene Ther 2003,
10:2046-2050.

Iguchi K, Otsuka T, Usui S, Ishii K, Onishi T, Sugimura Y, Hirano K:
Zinc and metallothionein levels and expression of zinc trans-
porters in androgen-independent subline of LNCaP cells. |
Androl 2004, 25:154-161.

Singh S, Sadacharan S, Su S, Belldegrun A, Persad S, Singh G: Overex-
pression of vimentin: role in the invasive phenotype in an
androgen-independent model of prostate cancer. Cancer Res
2003, 63:2306-231 I.

Hobisch A, Hoffmann J, Lambrinidis L, Eder IE, Bartsch G, Klocker H,
Culig Z: Antagonist/agonist balance of the nonsteroidal
antiandrogen bicalutamide (Casodex) in a new prostate can-
cer model. Urol Int 2000, 65:73-79.

Chen CD, Welsbie DS, Tran C, Baek SH, Chen R, Vessella R, Rosen-
feld MG, Sawyers CL: Molecular determinants of resistance to
antiandrogen therapy. Nat Med 2004, 10:33-39.

Miyagishi M, Taira K: U6 promoter-driven siRNAs with four uri-
dine 3' overhangs efficiently suppress targeted gene expres-
sion in mammalian cells. Nat Biotechnol 2002, 20:497-500.

Lee NS, Dohjima T, Bauer G, Li H, Li MJ, Ehsani A, Salvaterra P, Rossi
J: Expression of small interfering RNAs targeted against HIV-
I rev transcripts in human cells. Nat Biotechnol 2002, 20:500-505.
Nunlist EH, Dozmorov |, Tang Y, Cowan R, Centola M, Lin H-K: Par-
titioning of 5o-dihydrotestosterone and 5a-androstane-30,
173-diol activated pathways for stimulating human prostate
cancer LNCaP cell proliferation. | Steroid Biochem Mol Biol 2004,
91:157-170.

Kerr JFR, Harmon BV: Definition and incidence of apoptosis: an
historical perspective. In Apoptosis. The Molecular Basis of Cell Death
Edited by: Tomei LD, Cope FO. Plainview, NY: Cold Spring Harbor
Laboratory Press; 1991:5-29.

Page 10 of 10

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12185249
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12185249
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8145761
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8145761
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8145761
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11145738
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11145738
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11145738
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7795646
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7795646
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7795646
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8702703
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8702703
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12163482
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12163482
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12163482
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1701660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1701660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8428332
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8428332
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7624983
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7624983
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10917202
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10917202
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10917202
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9773979
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9773979
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9773979
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11861374
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11861374
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11861374
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11088014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11088014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11373684
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11373684
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11373684
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10778853
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10778853
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10778853
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12775765
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12775765
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12775765
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12054897
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12054897
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12054897
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1631125
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1631125
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7626493
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7626493
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12885417
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12885417
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15311058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15311058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15311058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15048085
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15048085
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15048085
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10617636
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10617636
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12757711
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12757711
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12757711
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12815459
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12815459
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12815459
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10383151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10383151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10383151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12517791
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12517791
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12114440
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12114440
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12650706
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12650706
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12650706
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10419007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10419007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10363963
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10363963
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10604720
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10604720
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10604720
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15256453
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15256453
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14566364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14566364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14566364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14662799
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14662799
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14662799
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12727854
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12727854
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12727854
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11025427
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11025427
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11025427
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14702632
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14702632
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11981564
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11981564
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11981564
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11981565
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11981565
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15276623
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15276623

	Abstract
	Background
	Results
	Conclusion

	Background
	Results and discussion
	Plasmid siRNA construct targeting 5'-UTR of AR mRNA suppressed AR expression in LNCaP cells
	LNCaP cells required AR to support cell proliferation
	LNCaP cells required AR to maintain survival
	Table 1


	Conclusion
	Methods
	Establishment of AR silencer plasmid constructs
	LNCaP cell culture, transfection, and selection of cells transfected with the AR silencer expression construct
	Immunocytochemical staining of AR in LNCaP cells
	Protein extraction and Western blot analysis
	Cell proliferation assay
	Determination of apoptotic index in cell blocks
	Statistical Analysis

	Abbreviations
	Acknowledgements
	References

