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Androgen receptor (AR) protein expression and function are critical
for survival and proliferation of androgen-sensitive (AS) prostate
cancer cells. Besides its ability to function as a transcription factor,
experimental observations suggest that AR becomes a licensing
factor for DNA replication in AS prostate cancer cells and thus must
be degraded during each cell cycle in these cells to allow reinitia-
tion of DNA replication in the next cell cycle. This possibility was
tested by using the AS human prostate cancer cell lines, LNCaP,
CWR22Rv1, and LAPC-4. These studies demonstrated that AR levels
fluctuate both within and between various phases of the cell cycle
in each of these AS lines. Consistent with its licensing ability, AR is
degraded during mitosis via a proteasome-dependent pathway in
these AS prostate cancer cells. In contrast, proteasome-dependent
degradation of AR during mitosis is not observed in AR-expressing
but androgen-insensitive human prostate stromal cells, in which
AR does not function as a licensing factor for DNA replication. To
evaluate mitotic degradation of AR in vivo, the same series of
human AS prostate cancers growing as xenografts in nude mice
and malignant tissues obtained directly from prostate cancer
patients were evaluated by dual Ki-67 and AR immunohistochem-
istry for AR expression in mitosis. These results document that AR
is also down-regulated during mitosis in vivo. Thus, AS prostate
cancer cells do not express AR protein during mitosis, either in vitro
or in vivo, consistent with AR functioning as a licensing factor for
DNA replication in AS prostate cancer cells.

cell cycle � prostate stroma

Despite aggressive androgen-ablation therapy, �30,000 men will
die of prostate cancer this year in the United States (1). This

therapeutic failure, however, does not mean that the androgen
receptor (AR) is no longer engaged at the lethal stages of the
disease. This conclusion is based on multiple experimental and
correlative data. One of the most important is the realization that
even in the lethal stages of the disease, AR is strongly expressed in
most of metastatic tissues obtained from autopsy from androgen-
ablation-failing patients (2). Consistent with the above results is the
fact that the majority of human prostate cancer lines obtained from
androgen-ablation-failing hosts (e.g., LNCaP, LAPC-4, LAPC-9,
MDA-PC-2B, V-Cap, DuCap, CWR22Rv1, etc.) strongly express
AR and AR-regulated genes such as PSA and hK2 (3). Further-
more, the AR locus on the X chromosome is frequently amplified
in androgen-ablation-resistant prostate cancers (4). Numerous ex-
perimental studies have documented that interference with AR
expression or function within prostate cancer cell lines at the level
of mRNA or protein results in inhibition of proliferation and,
eventually, cell death (5–9). In addition, recent studies designed to
evaluate genetic changes as the disease acquires an androgen-
ablation-resistant phenotype demonstrated that enhanced expres-
sion of AR mRNA and protein is the only consistently observed
molecular change (10). These results refocus our attention on the
role AR is playing in initiation and progression of prostate cancers.

During prostatic carcinogenesis there is a conversion from the
stromal-cell-dependent paracrine to an autocrine mechanism of

AR-stimulated growth (11). As part of this malignant conversion,
AR undergoes a molecular switch from its ability to suppress
proliferation of normal prostatic epithelia to directly stimulating the
proliferation of prostate cancer cells (4, 11, 12). Such a molecular
switch requires gain-of-function changes in AR signaling. Recent
studies documented that one such gain-of-function event involves
DNA rearrangement such that the androgen response element is
translocated to confer androgen responsiveness upon promoters for
select members of the ETS transcription factor family (13). Addi-
tional studies suggested that besides these malignancy-dependent
transcriptional changes, AR becomes a licensing factor for DNA
replication in proliferating cancer cells. This hypothesis is based on
the observation that AR complexes with a number of licensing
factors including hZimp7, hZimp10, and SWI�SNF-like BRG1-
associated factor complexes at the origins of DNA replication in
cancer cells (14, 15).

The known family of licensing factor proteins include Cdc6,
Orc1–6, Cdt1, and Mcm2–7, which form a preinitiation complex at
the origins of DNA replication during early G1 (16, 17). Formation
of these prereplicative complexes licenses these sites to bind DNA
polymerase and initiate DNA replication during S phase. Although
initiation of DNA replication occurs in S phase, many of these
members of the prereplicative complexes remain associated with
the origins of replication during G2 to prevent reinitiation, thus
allowing only one round of replication of DNA per cycle (16, 17).
Therefore, these licensing factor proteins are degraded in mitosis or
early G1 via mechanisms including ubiquitination and subsequent
proteasomal degradation to allow reinitiation of DNA replication
in the next cell cycle (16). These observations are relevant to
androgen-sensitive (AS) prostate cancer cells because the andro-
gen-stimulated proliferation of these cells can be blocked by coex-
posure to anti-androgens (i.e., AR antagonists) if given in early G1

before the formation of the prereplicative complexes that license
DNA replication (18, 19). In contrast, if such anti-androgen coex-
posure is delayed until a later point in G1 after prereplicative
complexes formation, proliferation is not prevented (18, 19). These
results document that the major point of androgen regulation in AS
prostate cancer cell proliferation occurs in early G1, at the point
when licensing for DNA replication occurs. This finding is consis-
tent with AR being a licensing factor for AS prostate cancer cells
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and would predict that as a licensing factor, it must be degraded in
mitosis or early G1 of each cell cycle in these cells.

To test this prediction, AR protein expression throughout the cell
cycle was evaluated in AS LNCaP, CWR22Rv1, and LAPC-4
human prostate cancer cells, where the primary function of AR is
to promote cell growth. In contrast, AR does not regulate the
growth of AR-expressing normal human prostate stromal cells
(PrSCs). In these nonmalignant PrSCs, AR functions as a tran-
scription factor and not as a licensing factor for DNA replication.
In these cells, AR transcriptionally regulates the expression of
paracrine growth factors (i.e., andromedins) needed for normal
prostate epithelial growth (11). Thus, in these AR-expressing
PrSCs, AR should not be degraded during mitosis. To test this
hypothesis, AR expression throughout the cell cycle was evaluated
in normal human PrSCs, and these results were compared with the
above results of AR expression in LNCaP, CWR22Rv1, and
LAPC-4 prostate cancer cells. These combined results document
that AR fluctuates dynamically both within and between various
phases of cell cycle and is degraded via proteasomal activity during
mitosis in AS prostate cancer cells but not in PrSCs. These results
are consistent with AR becoming a licensing factor for DNA
replication in AS prostate cancer cells but not in normal human
PrSCs.

Results and Discussion
Fluctuation of AR Protein both Within and Between Various Phases of
Cell Cycle in AS Prostate Cancer Cells. LNCaP, CWR22Rv1, and
LAPC-4 human prostate cancer cells express AR protein at a level
102 higher than human PrSCs (Fig. 1A). The in vitro growth of these
human prostate cancer lines is stimulated by 1.0 nM of synthetic
androgen, R1881, and such a growth effect is reversed with 10 �M
of AR antagonist, Casodex (see Fig. 6, which is published as
supporting information on the PNAS web site). In contrast, AR
does not regulate cell survival and�or proliferation in human PrSCs
and, as a consequence, addition of androgens to the media does not
affect their growth rate (Fig. 6). In exponentially growing tissue
cultures of the prostate cell lines, �85% of cells are positive for
nuclear expression of the Ki-67 proliferation marker, as reported
(20). This finding is consistent with the observation that in these
growing cultures, cells are constantly proliferating and enter G1
immediately after mitosis without exiting the cell cycle to enter G0.
Thus, these in vitro cultures provide a useful model to determine the
dynamics of AR fluctuation throughout the cell cycle of these
prostate malignant and normal cells.

To determine AR levels as a function of cell cycle, dual-
parameter FACS analysis was performed by using the AR-specific
primary antibody along with a FITC-conjugated secondary anti-
body to measure AR expression and the DNA-binding dye Hoechst
33258 to measure DNA content as an indicator of a position in cell
cycle. This Hoechst dye binds within the DNA minor groove, and
the intensity of Hoechst staining is affected by DNA accessibility as
defined by chromatin structure (21–23). Thus, the same amount of
DNA gives a slightly different fluorescence output on the basis of
its chromatin confirmation (21–23). In particular, during mitosis or
immediately after, in early G1, the DNA is less accessible to Hoechst
dye because of tight chromatin confirmation than during the later
cell cycle phases, resulting in a slightly less-than-expected fluores-
cence on the basis of the DNA content. [For an example of the
Hoechst binding effect, see Fig. 3A, in which Hoechst-stained
phospho-histone H3� (i.e., mitotic) cells exhibit �4 N DNA
fluorescence.]

A number of human prostate cancer lines, including PC3 and
DU145 cells, do not express AR (Fig. 1A). In this report, PC3 cells
were used to define the nonspecific gate for identification of
positive, detectable AR expression (Fig. 1B). By using this gate, the
cell cycle pattern of AR expression was evaluated in all three human
prostate cancer cell lines, LNCaP, CWR22Rv1, and LAPC-4. AR
stimulates cell growth, localizes to the origins of DNA replication

(14, 15), and contains a number of gain-of-function mutations that
broaden its ligand specificity and potentiate its function in LNCaP
and CWR22Rv1 cells (3, 24). Although AR stimulates cell growth
in LAPC-4 cells, these cells were documented to express wild-type
AR (3). Dual-parameter FACS analysis documents that in each of
these AS cell lines, AR protein levels fluctuate dynamically both
during and between specific cell cycle phases [Fig. 1 C and D for
LNCaP and CWR22Rv1 and Fig. 7 (which is published as support-
ing information on the PNAS web site) for LAPC-4 cells, respec-
tively]. Evaluation of AR levels by FACS in these cycling cells
documented that during the G1 phase, the AR protein level
increases from undetectable to high expression. In particular, cells
with undetectable AR expression have the lowest DNA signal as
measured by Hoechst binding, which is consistent with these cells
having just exited mitosis and entering early G1 (Fig. 1 C and D and
Fig. 7). It is notable that during G1 progression, before DNA
replication, AR expression increases proportionally to the increase
in DNA fluorescence. This is because as a cell unwinds its chro-
mosomes during early G1, the DNA becomes increasingly accessible
to Hoechst fluorochrome, thus increasing the DNA fluorescence of
these G1 cells without any increase in DNA content. This enhanced
fluorescence documents that the increase in AR protein level
occurs in early G1 before DNA replication. Thus, as the cells
progress through G1, they increase their AR protein expression
from an undetectable level in early G1 to a high level in late G1 (Fig.

Fig. 1. AR protein expression during cell cycling of AS prostate cancer cells.
(A) AR protein is expressed strongly in CWR22Rv1, LNCaP, and LAPC-4, is very
weakly expressed in human PrSCs, and is not expressed in PC3 and DU145 cells.
(B–D) Dual-parameter FACS analyses for AR expression and DNA fluorescence
analysis in PC3 (B), LNCaP (C), and CWR22Rv1 (D) prostate cancers cells. Results
are presented as linear scale dot plots with DNA fluorescence (i.e., cell cycle
stage) on the x axis and AR staining intensity on y axis. All analyzed cells were
grown in culture in the presence of 1.0 nM R1881. PC3 expression pattern was
used to set up a gate to identify specific (i.e., detectable) vs. nonspecific (i.e.,
nondetectable) staining for AR. This gate was then applied to all subsequent
FACS analyses.
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1 C and D and Fig. 7). Subsequently, the AR level decreases at the
G1�S border and then remains relatively constant throughout the S
phase (Fig. 1 C and D and Fig. 7). Once in G2, the cells again
increase their AR protein level until the G2�M border or mitosis,
when AR is quickly down-regulated and returns to the original
undetectable levels observed in the early G1 phase. Interestingly,
similar cell cycle-dependent fluctuations in AR protein have been
reported by Krishan et al. (25) using DNA�AR dual-parameter
flow cytometry of nuclei isolated from human prostate cancer
tissue.

AR Protein Decreases in Mitosis in AS Prostate Cancer Cells. To further
validate the above results, LNCaP and LAPC-4 cells were flow-
sorted based on DNA fluorescence and AR protein expression. The
sorted populations of cells were subsequently analyzed on the basis
of cell size and internal complexity (Fig. 2A for LNCaP and Fig. 7A
for LAPC-4). Fraction A cells were gated on the basis of low AR
expression and lower DNA fluorescence. Fraction B cells were
gated on the basis of moderately high levels of AR expression and
increased DNA fluorescence. Finally, fraction C cells were gated on
the basis of the highest level of AR expression and the G2 phase
DNA content. Morphologic evaluation of the sorted cells that were
stained by methylene blue (DNA stain) confirmed that they were
indeed cells and not cell debris. It was observed that the cells in
fraction A were smaller than the ones in fraction B, which were in
turn smaller than the cells in fraction C. These size differences were
confirmed by flow sorting analysis (Fig. 2B and Fig. 7B). In
particular, forward-side scatter comparison of fraction A, B, and C
cells documented that fraction B cells were larger and more
complex than fraction A cells, whereas fraction C cells were larger

and more complex than fraction B cells (i.e., A � B � C) (Fig. 2B
and Fig. 7B). These findings are consistent with cells in fraction A
being in the early phase of cell cycle (postmitotic�early G1), cells in
fraction B being in a more advanced point of cell cycle (late G1�S
border), and cells in fraction C being in late phase of cell cycle (late
G2�M border).

Collected cell fractions (i.e., fractions A, B, and C) were lysed to
measure AR and phospho-Rb protein levels by Western blotting
(Fig. 2C). The total lysates of fractionated LNCaP cells were
immunoblotted with AR and phospho-Rb antibodies. As evident
from Fig. 2 C–E, Western blotting confirmed that AR protein levels
indeed were much lower in cells in fraction A than in fractions B
and C (Fig. 2 C and D). Furthermore, in fractions B and C, a
number of higher-molecular-weight AR-staining bands were
present. Observation of such an ‘‘AR protein ladder’’ is consistent
with AR being polyubiquitinated and degraded at those time points
(26–28). This finding is biologically relevant because after these
phases of the cycle (G1�S and G2�M borders), the AR levels
subsequently decrease (Fig. 1 C and D). Such an AR ladder was not
observed in lysates prepared from fraction A cells. Finally, exam-
ination of the levels of phospho-Rb protein in collected cells
documented that fraction A cells express a much lower amount of
this phosphorylated protein than cells in fractions B and C, which
confirms that fraction A cells are postmitotic�early G1 cells,
whereas cells in fractions B and C represent more advanced phases
of the cell cycle (Fig. 2 C and E).

Cells in mitosis can be specifically flow sorted on the basis of
expression of phospho-histone H3 (29). Therefore, to test whether,
after reaching its maximum protein levels at the end of G2, AR is
down-regulated during mitosis to return to undetectable AR ex-

Fig. 2. AR protein decreases in mitosis in AS prostate
cancer cells. (A) Exponentially growing LNCaP cells in
the presence of 1 nM R1881 were analyzed by dual-
parameter FACS analysis, and subsequent fractions of
cells were sorted on the basis of AR expression and
DNA fluorescence. (B) Forward-side scatter analysis of
LNCaP cells shows that fraction B cells are significantly
larger and more complex than fraction A cells, and
fraction C cells are significantly larger and more com-
plex than fraction B cells. (C–E) Western blot analyses
and quantitation of AR and phospho-Rb protein ex-
pression in sorted A, B, and C fractions and exponen-
tially growing LNCaP control cells. Quantitation of
Western blot analysis is presented in D [folds of AR
levels (normalized per actin)] and E [folds of phos-
pho-Rb levels (normalized per actin)].
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pression at the beginning of G1, LNCaP and LAPC-4 cells were
flow sorted by using the phospho-histone H3 fluorescently conju-
gated antibody to select for cells in mitosis (Fig. 3A). The recovered
phospho-histone H3� LNCaP and LAPC-4 cells were cytospun
onto glass slides and analyzed by immunocytochemistry for AR
expression, as shown in Fig. 3 B and C, respectively. Exponentially
growing (i.e., nonmitotic) LNCaP and LAPC-4 cells were used as
a positive control for AR expression, shown in Fig. 3 B Left and C
Left. In contrast to these control cells, phospho-histone-H3-sorted
mitotic LNCaP and LAPC-4 cells have undetectable expression of

AR protein (Fig. 3 B Center and Right and C Center and Right).
These data document that AR is down-regulated in mitosis, reset-
ting the AR to undetectable levels in postmitotic�early G1 cells.
This AR decrease in mitosis occurs regardless of whether the
expressed AR is wild type, as in LAPC-4 cells, or mutated, as in
LNCaP cells. These results agree with those reported by Cinar et al.
(30), who used nocodazole to arrest LNCaP cells in mitosis and
demonstrated that such mitotically arrested cells have no detectable
AR levels.

Decreased AR in Mitosis Is Due to Proteasomal Degradation. Protea-
some-dependent degradation of licensing factors is the major
mechanism of down-regulating these cell cycle effectors and reset-
ting the cell for the next division (16). To test whether proteasomes
are involved in AR down-regulation within AS prostate cancer cells,
LNCaP cells were treated for 6 h with 5 �M of proteasome inhibitor
(MG-132) and flow sorted by using the phospho-histone H3
antibody to isolate mitotic cells that were subsequently subjected to
immunocytochemistry analysis with AR antibody. As documented
in Fig. 3D, LNCaP cells treated with MG-132 dramatically up-
regulated AR protein expression during mitosis. It is also notable
that 6-h treatment of cells with MG132 proteasome inhibitor
increases the fraction of LNCaP cells in mitosis from 0.8% to 2.4%
(data not shown). Because mitosis is �1 h in prostate cancer cells
(31), 4.8% of the cells should have completed mitosis during this 6-h
observation period (i.e., 0.8% of cells in mitosis per h � 6 h). The
fact that MG132 treatment results in 2.4% of the cells being in
mitosis documents that proteasome inhibition retards mitotic pro-
gression. These findings demonstrate that proteasomal degradation
is a major mechanism of AR down-regulation during mitosis and
that interference with this down-regulation hinders the ability of
cells to reset for another cycle. This finding provides an explanation
for the growth inhibition response of these AR-sensitive prostate
cancer cell lines when treated with proteasome inhibitors (32).

Normal PrSCs Do Not Degrade AR in Mitosis. In contrast to AS
prostate cancer cells, proliferating normal human AR-expressing
PrSCs do not possess malignancy-dependent changes in AR sig-
naling. In PrSCs, AR does not regulate growth but acts as a
transcription factor and regulates the expression of andromedins
(11). As a result, addition of androgen ligand does not affect the
growth of PrSCs (Fig. 6). Also, unlike prostate cancer cells, when
exponentially growing PrSCs reach confluency, they exit the cell
cycle and enter a G0 state, as documented by their lack of
immunologically detectable expression of Ki-67 (data not shown)
and down-regulation in the expression of DNA replication licensing
factors, such as MCM2 (Fig. 4A). Normal human PrSC lines (PrSC
in Fig 4A, designated nos. 1–12) were established in our laboratory
(11) and were documented to express a lower level of AR compared
with prostate cancer cells (Fig. 1A). These PrSCs were arrested in
G0 via contact inhibition for 1 week and then analyzed for their AR
level. As documented in Fig. 4A, these PrSCs express easily
detectable AR even when they are arrested in G0. To evaluate
changes in AR expression during the cell cycle, proliferating PrSCs
were analyzed by dual-parameter FACS analysis. As documented in
Fig. 4B, PrSCs exhibited a monotonous linear increase in AR
expression as they progressed throughout the cell cycle. In these
PrSCs, such AR protein increase with cell cycle progression cor-
relates with an increase in cell size. To confirm that AR is
continuously expressed even during mitosis, AR expression was
analyzed in phospho-histone-H3-expressing (i.e., mitotic) PrSCs.
To do this, PrSCs were double stained by AR and phospho-histone
H3 antibodies and analyzed by FACS. These results document that
�90% of the PrSCs simultaneously express phospho-histone H3
and AR protein (data not shown). Thus, in normal PrSCs, the AR
level is 1� in G0 and increases throughout the cell cycle in
correlation with an increase in cell size until it reaches its peak of

Fig. 3. AR protein is not expressed in mitotic AS prostate cancer cells. (A)
Flow sorting of exponentially growing LNCaP cells positive for phospho-
histone H3 expression to select cells in mitosis. (B and C) Immunocytochemical
analysis of AR expression in exponentially growing (control) LNCaP and
LAPC-4 prostate cancer cells compared with phospho-histone H3� (i.e., mi-
totic) sorted cells. Compared with exponentially growing (i.e., nonmitotic)
AR� LNCaP and LAPC-4 control cells (B Left and C Left), AR expression was
undetectable in phospho-histone H3� prostate cancer cells (B Center and
Right and C Center and Right). (D) LNCaP cells were treated with MG-132
proteasome inhibitor for 6 h in the presence of R1881, flow sorted for
phospho-histone H3 expression, and analyzed for AR expression by immuno-
cytochemistry. Proteasome inhibition resulted in strong AR expression during
mitosis.
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2� at the G2�M border. When the cells divide, the G0 daughter cells
are small and have a 1� AR protein level.

Degradation of AR in Mitosis in AS Prostate Cancer Cells Is Not an in
Vitro Artifact. To confirm the in vitro observations that prostate
cancer cells undergoing mitosis degrade AR to an undetectable
level, we evaluated the in vivo expression of AR in mitotic cells of
AS prostate cancer LNCaP, CWR22Rv1, and LAPC-4 xenografts
grown in intact male nude mice or prostate cancer tissues directly
from patients with localized disease. Dual staining of Ki-67 and AR
in all three prostate cancer xenografts demonstrated that AR
expression is undetectable during mitosis (Fig. 5). Additional
studies demonstrated that although the mitotic index in prostate
cancer tissue directly from patients with localized prostate cancer
(n � 27) is �1%, such mitotic figures are consistently negative for
AR protein. Mitoses were also consistently AR-negative in prostate
cancer lymph node metastases (n � 30). These findings document
that AR down-regulation in mitosis is not simply an in vitro tissue
culture artifact but also occur in vivo in AS prostate cancers.

Conclusion
This study of fluctuation of the AR level during cell cycle progres-
sion in normal stromal vs. AS prostate cancer lines documents a
fundamental difference in how the AR protein is regulated and
functions in these cells. In cells in which AR acts only as a
transcription factor, including normal human PrSCs, AR level
increases from 1� at G0 to 2� just before division, subsequently
returning to 1� in the daughter cell. In contrast, in AS prostate
cancer cells, AR increases from an undetectable level in mitosis to
a detectable level in early G1. Once detectable, AR levels increase
in AS prostate cancer cells during G1, decrease and remain constant
during S, and increase again in G2 before being degraded in mitosis
to start the whole process over again. Such an AR cycle in these AS
prostate cancers is consistent with AR being a licensing factor for
DNA replication in malignant prostate cells. These findings em-
phasize the need for research on AR’s effect on DNA replication
in prostate cancer cells to supplement ongoing studies of AR’s
transcriptional activity during prostatic carcinogenesis.

Materials and Methods
Materials. The synthetic androgen, R1881, was purchased from
Perkin–Elmer (Boston, MA). Z-Leu-Leu-Leu-CHO (MG-132) was
purchased from Biomol (Plymouth Meeting, PA). LNCaP and
PC-3 human prostate cancer lines were purchased from American
Type Culture Collection (Rockville, MD) (3). The CWR22Rv1 line
was provided by J. W. Jacobberenger (Case Western Reserve
University, Cleveland, OH) (3). PrSCs were previously derived in

our laboratory (11). These lines were grown by serial passage in
RPMI 1640 media containing 10% FBS (Invitrogen Life Technol-
ogies, Carlsbad, CA) and 1 nM R1881. LAPC-4 human prostate
cancer line was provided by C. Sawyers (University of California,
Los Angeles, CA) (3) and was grown is Iscove’s media (Invitrogen)
containing 10% FBS and 1 nM R1881. All cells were grown in 5%
CO2�95% air humidified incubators at 37°C.

Human malignant prostate tissues were obtained through Insti-
tutional Review Board (IRB)-approved protocols. These tissues
included 27 primary prostate cancers and 30 lymph node metas-
tases, all from hormonally naı̈ve prostate cancer patients, as
described (31).

In Vitro Growth Assays. Cell growth was measured by a 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) as-
say (CellTiter 96 Non-Radioactive Cell Proliferation Assay; Pro-
mega, Madison, WI) as described (33). Cell numbers for each
sample were extrapolated from standard curves (absorbance vs. cell
number) prepared for each cell line.

Western Blotting. Western blotting was carried out on cell lysates
equivalent to 105 cells per lane as described (20). The following
primary antibodies were purchased from Santa Cruz Biotechnology
(Santa Cruz, CA): rabbit polyclonal AR (N-20) and goat polyclonal
phospho-Rb antibody (directed to phospho- Ser-294�Thr-252 res-

Fig. 4. AR expression during cell cycling of androgen-insensitive prostate
stromal cells. (A) Normal human PrSCs (PrSC cells nos. 1–4, 6, and 12) were
exponentially growing or arrested in G0 in the presence of androgen by
contact inhibition. Protein lysates were immunoblotted for the expression of
AR and the DNA replication licensing factor MCM2. (B) Dual-parameter FACS
analysis of proliferating PrSC cell no. 6 shows that AR levels fluctuate from 1�
to 2� throughout the cell cycle.

Fig. 5. AR protein levels are down-regulated during mitosis in AS prostate
cancer LNCaP (A), CWR22Rv1 (B), and LAPC-4 (C) xenografts grown in intact
male nude mice. In these studies, tumor tissue sections were stained for AR
(green) and the proliferation marker Ki-67 (red). Ki-67 is a well established
marker for proliferation that is expressed in all parts of cell cycle except in
proliferatively quiescent G0 or early G1 phases. Importantly, Ki-67 reacts with
an interchromatin network during mitosis, thereby ‘‘painting’’ the chromo-
somes (36) and making it easy to identify mitotic cells (arrows). Consistent with
the in vitro data, AR expression was greatly decreased in cells undergoing
mitosis in LNCaP, CWR22Rv1, and LAPC-4 prostate cancer xenografts.
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idues) (sc-16671). Mouse monoclonal �-actin antibody was pur-
chased from Sigma (St. Louis, MO).

Immunocytochemistry. AR immunocyochemical staining was per-
formed as described (34) by using the AR (N-20) rabbit polyclonal
antibody from Santa Cruz Biotechnology at 1:500 dilution.

Flow Cytometry. Exponentially growing cells were trypsinized and
washed with ice-cold PBS. Cells were repelleted between washes by
mild centrifugation. Subsequently, the cells were resuspended in
PBS and then fixed in final concentration of 80% ice-cold methanol
at 4°C. Cells were blocked by resuspending the cell pellet in PBS
supplemented with 2.5% FBS blocking solution followed by a
30-min incubation at 4°C. Subsequently, cells were stained with
primary anti-AR (PG-21) (Upstate Biotechnology, Lake Placid,
NY) or phospho-histone H3 (Alexa Fluor 488 Conjugate; Cell
Signaling, Beverly, MA) antibodies in volume of 100 �l of blocking
solution. Primary antibody incubation was carried out for 30 min at
4°C followed by a wash. Cells stained with primary anti-AR
antibody were subjected to incubation with secondary goat anti-
rabbit FITC-conjugated IgG (catalog no. AP307F; Chemicon,
Temecula, CA) for AR for 30 min at 4°C in the dark followed by
a wash, whereas phospho-histone-H3-stained cells did not require
this step. Finally, all cell samples were resuspended in PBS con-
taining EDTA and Hoechst dye and flow sorted by using a
FACSVantage SE sorter (Becton Dickinson, San Jose, CA) or
analyzed by using a LSR flow cytometer (Becton Dickinson). In
carrying out flow cytometry analysis, cross-channel compensation
was carefully monitored with appropriate controls. Similar proce-
dure was followed to evaluate by FACS AR vs. phospho-histone H3
expression in 6S stromal cells. In this case, goat anti-rabbit IgG-
F(ab�)2-PE-Cy5 conjugate antibody form Santa Cruz Biotechnol-
ogy was used as a secondary antibody for AR.

In Vivo Growth of CWR22Rv1, LNCaP, and LAPC-4 Lines and Immuno-
histochemical Staining for AR and Ki-67 Expression. CWR22Rv1,
LNCaP, and LAPC-4 lines were inoculated and grown in intact
male nude mice as described (35) according to protocols approved
by the Johns Hopkins Animal Care and Use Committee. About 6
weeks after inoculation, the tumors were harvested and animals
were killed by asphyxiation. These mouse tumor xenografts and

tumor tissues obtained from prostate cancer patients were forma-
lin-fixed in neutral buffered saline and mounted into paraffin
blocks. Slides were then deparaffinized by heating at 60°C for 10
min and treated with xylene for 5 min (two times). Slides were
subsequently hydrated by using an ethanol gradient and then placed
in 0.01% Triton aqueous solution. After exposing slides to Antigen
Unmasking Solution from Vector Laboratories (Carpinteria, CA),
slides were steamed for 40 min. Deparaffinized and hydrated slides
were washed in PBS and treated with 3% hydrogen peroxide for 5
min followed by a wash in PBS supplemented with 0.1% Tween 20
(PBST). By using the Biotin Blocking System (Dako, Carpinteria,
CA) the slides were exposed to avidin, biotin, and protein blocking
solutions for 10 min each with two PBST washes in between. Tissues
were then treated with 1:100 dilution of AR rabbit polyclonal AR
antibody (Santa Cruz Biotechnology) and Ki-67 mouse monoclonal
antibody (Zymed Laboratories, South San Francisco, CA) in an-
tibody dilution buffer from Ventana Medical Systems (Tucson,
AZ) overnight at 4°C. After primary antibody binding, the slides
were washed twice with PBST, and secondary biotinylated anti-
mouse antibody from a VECTASTAIN kit was applied for 15 min
according to the manufacturer’s instructions (Vector Laborato-
ries). Slides were rinsed with PBST and treated with primary
streptavidin-biotin HRP complex for 15 min, again rinsed with
PBST, and treated with biotinyl tyramide solution diluted in the
aforementioned protein block solution 1:10 for 15 min. After an
additional rinse with PBST, slides were treated with combined
secondary streptavidin, Alexa Fluor 568 conjugate (1:100 dilution)
from Molecular Probes (Eugene, OR) to stain Ki-67 in red and with
anti-rabbit antibody Alexa Fluor 488 conjugate (1:50 dilution) from
Molecular Probes to stain AR in green. This treatment was carried
out for 15 min at room temperature. After a PBST rinse, the slides
were treated with DAPI (1:10,000 dilution) (Sigma) for 1 min,
coverslipped, and mounted. Subsequently, the slides were analyzed
by confocal imaging.
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