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BACKGROUND. The profound reduction in serum dihydrotestosterone (DHT) ob-

served with the dual 5 �-reductase inhibitor (5ARI) dutasteride makes it an attrac-

tive agent for prostate cancer therapy. The objective of the current study was to

determine whether dutasteride would induce apoptosis in a range of prostate

epithelial cell lines and primary cultures.

METHODS. Both human prostate androgen-sensitive cell lines (PwR-1E, PNT-2,

LNCaP, and PC3[AR2]) and an androgen-independent cell line (PC-3) were grown

to confluence. Primary epithelial cells extracted from fresh prostate cancer radical

prostatectomy specimens also were grown to confluence under optimal condi-

tions. Total cellular protein was extracted to confirm cytokeratin 18 and antihuman

�-methylacyl-CoA racemase (AMACR) expression of the primary cells. Apoptosis

was assessed by propidium iodide DNA staining and flow cytometry after 24 hours

of culture in from 0 �M to 10 �M of dutasteride.

RESULTS. Dutasteride induced a dose-dependent increase in apoptosis in the

androgen-sensitive prostate cell lines PwR-1E, PNT-2, and LNCaP and in the

androgen receptor-expressing PC3(AR2) cell line. However, there was no signifi-

cant apoptosis noted in the parental PC-3 cells. Of 16 primary epithelial cultures

that were treated, 7 cultures were induced to undergo apoptosis, and 9 cultures

were unresponsive. All primary cultures were positive for cytokeratin 18 expres-

sion, confirming their epithelial phenotype. Responder epithelial cells were posi-

tive for AMACR expression.

CONCLUSIONS. The results of the current study confirmed that dutasteride differ-

entially induced apoptosis in a subset of prostate cell lines and primary prostate

epithelial cells. Understanding the cellular phenotype may indicate susceptible

cells. Cancer 2006;106:2743–52. © 2006 American Cancer Society.
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Androgens play an important role in controlling the growth of the
normal prostate gland and in promoting benign prostatic hyper-

plasia (BPH) and prostatic carcinoma. The 2 most potent androgens
in prostate cancer etiology are testosterone and dihydrotestosterone
(DHT).1 When free testosterone enters prostate epithelial cells, 90% is
converted to the main prostatic androgen, DHT.2,3 This irreversible
conversion is catalyzed by 5 �-reductase, a nicotinamide adenine
dinucleotide phosphate diaphorase-dependent, 3-oxo-5 �-steroid �4-
dehydrogenase.4 There are 2 types of 5 �-reductase enzymes, termed
type I (SRD5A1) and type II (SRD5A2), and they are encoded by 2
separate genes.5

Because prostate epithelial cells depend on a critical level of
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androgenic stimulation for growth, function, and sur-
vival, androgen-ablation therapy remains the stan-
dard treatment for patients with advanced prostate
cancer. Although the disease initially may be con-
trolled, progression to the androgen-independent
state can occur within 2 to 5 years.6 These androgen-
independent cell populations resist the apoptotic ef-
fects of androgen-withdrawal therapy and survive.7

It has been demonstrated that androgen-depriva-
tion therapy decreases the prevalence and extent of
prostatic intraepithelial neoplasia lesions, which are
the most likely precursor of prostatic carcinoma in the
peripheral zone,8 suggesting that this form of treat-
ment may play a role in chemoprevention.9 Although,
in the Prostate Cancer Prevention Trial,10 a possible
chemopreventative role was found for the SRD5A2
inhibitor finasteride, because there was a 24.8% reduc-
tion in the period prevalence of prostate cancer re-
ported, there was a concomitant increase in the pro-
portion of tumors with high-grade disease in the
treatment arm (6.4%) compared with tumors in the
placebo arm (5.1%). The profound reduction in serum
DHT observed with the dual 5 �-reductase inhibitor
(5ARI) dutasteride has led to the initiation of the Re-
duction by Dutasteride of Prostate Cancer Events
study, which is examining the effect of dutasteride on
the prevention of prostate cancer. The possible che-
mopreventative role of dutasteride will not be known
until that trial is complete in 2008.

It has been demonstrated that dutasteride blocks
the activation of the androgen receptor (AR) with the
consequences of decreased proliferation and in-
creased death of LNCaP cells.11 This recently was con-
firmed by Schmidt et al.,12 who also showed that
dutasteride effectively inhibited both the viability and
proliferation of LNCaP cells within 48 hours after
treatment with concentrations of dutasteride from 1
�M to 10 �M. Their study revealed both the differen-
tial expression of several groups of genes and the
dramatically altered expression of genes involved in
the metabolic, cell cycle, and apoptotic pathways and,
as expected, in the androgen-signaling pathways. The
expression levels of several messenger RNA (mRNA)
gene products involved in the Fas ligand/tumor ne-
crosis factor � apoptotic pathway, such as TNF-recep-
tor-associated death domain (TRADD), caspase 7, and
caspase 8, were increased. Genes that are involved in
resistance to apoptosis, such as BIRC1 (baculoviral
inhibitor of apoptosis proteins repeat-containing 1),
also demonstrated high levels of expression. Overall,
investigations in LNCaP cells (which contain the
T877A mutation in the AR13) and PC-3 cells11,12 have
suggested the possibility of a second pathway for high-
dose dutasteride-induced cell death, independent of

the AR. For these reasons, we wanted to determine the
effect of short-term treatment with dutasteride on a
range of different prostate cell lines and primary pros-
tate cancer epithelial cells.

MATERIALS AND METHODS
Materials
RPMI-1640, WAJC 404 medium, penicillin/streptomy-
cin, L-glutamine, heat-inactivated fetal bovine serum
(FBS), and keratinocyte medium with supplements
were purchased from GIBCO Life Technologies Ltd.
(Cambridge, U.K.). Zinc-stabilized insulin, dexametha-
zone, hydrocortisone, and cholera toxin were obtained
from Sigma (Dublin, Ireland). Collagenase Type I was
acquired from Lagan Bach services (Bray, Ireland).

The primary antibodies used were mouse antihu-
man cytokeratin 8 (CK8)/CK18 (Santa Cruz Biotech-
nology Inc., Santa Cruz, CA) and rabbit antihuman
�-methylacyl-CoA racemase (AMACR) (Biologo, Kron-
shagen, Germany). Blots routinely were stained for
equal protein loading by using mouse anti-�-actin
monoclonal antibody (Sigma Chemical Company,
Saint Louis, MO).

Cell lines and primary cultures (65-70% conflu-
ence) were treated with dutasteride (0.1-10 �M)
(GlaxoSmithKline, Research Triangle Park, NC).
Dutasteride (25 mM) was dissolved in dimethyl sulfox-
ide (�0.1% final concentration) prior to cell treatment.

Total RNA was extracted from primary cultures
with Trizol according to the manufacturer’s instruc-
tions (Molecular Research Center, Inc., OH). All ma-
terials related to combinational DNA (cDNA) synthesis
were purchased from Invitrogen (Dublin, Ireland).

Real-time PCR TaqMan assay was used to quan-
titate the relative gene expression levels of SRD5A1,
SRD5A2, and AR. These assays were purchased as
gene-expression assays from the Applied Biosystems
website (available at URL: www.appliedbiosystems.
com [accessed January 10, 2006], assay no.
Hs00602694_mH for SRD5A1, Hs00165843_m1 for
SRD5A2, and Hs00171172_m1 for AR). The ribosomal
18S gene was used as an endogenous control for nor-
malization of the target genes. 18S primers and probe
were supplied as a predeveloped assay reagent (P/N
4310893E; Applied Biosystems, Warrington, UK). Taq-
man Universal polymerase chain reaction (PCR) Mas-
ter Mix (P/N 4304437) was supplied by Applied Bio-
systems, and we employed the concentrations and
volumes recommended by the supplier. cDNA was
amplified on the ABI 7900HT Sequence Detection Sys-
tem.
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Methods
Cell culture
The human prostate androgen-sensitive PwR-1E,
PNT-2, LNCaP cell lines and the androgen-indepen-
dent prostate cell line PC-3 were purchased from the
American TypeCulture Collection (Rockville, MD). The
PC3(AR2) (AR-expressing) cell line14 was a kind gift
from Theodore Brown (University of Toronto, To-
ronto, Ontario, Canada). The benign prostatic cell
lines PwR-1E and PNT2 were cultured in keratinocyte
medium (with 50 �g/mL of bovine pituitary extract, 5
ng/mL of epidermal growth factor, 50 U/mL of peni-
cillin, and 50 �g/mL of streptomycin) and in RPMI-
1640 medium (with 10% heat-inactivated FBS, 50
U/mL of penicillin, 50 �g/mL of streptomycin, and 2
mM of L-glutamine), respectively. The LNCaP cell line
was cultured in RPMI-1640 with 10% heat-inactivated
FBS, 50 U/mL of penicillin, 50 �g/mL of streptomycin,
0.5% glucose, and 2 mM of L-glutamine. The PC-3 cell
line was cultured in RPMI-1640 medium with 10%
heat-inactivated FBS, 50 U/mL of penicillin, 50 �g/mL
of streptomycin, and 10 mM of L-glutamine. The
PC3(AR2) cell line was cultured in RPMI-1640 medium
with 5% heat-inactivated FBS, 2 mM of L-glutamine,
and 100 �g/mL of Hygromycin B (Calbiochem, Not-
tingham, U.K.).

Primary epithelial cell lines also were established
by using a previously described protocol.15 Tissue was
obtained after informed consent from patients who
underwent radical prostatectomy in the Mater Miseri-
cordiae University Hospital, Dublin. Under pathologic
direction, both tumor areas and benign areas were
sectioned and confirmed by the adjacent surrounding
histology. These epithelial cells were cultured in WAJC
404 medium (GIBCO) supplemented with 10% heat-
inactivated FBS, 25 U/mL of penicillin, 25 �g/mL of
streptomycin, 28 mM of N-2-hydroxyethyl piperazine-
N�-2-ethane sulphonate, 14.2 mM of NaHCO3, 20
ng/mL of cholera toxin, 1 �M of dexamethazone, 25
ng/mL of zinc-stabilized insulin, 2.5 �M of hydrocor-
tisone, and 250 �g/mL of amphotericin B. Fibroblast
aggregates, which were removed from the supernatant
fluid by an additional centrifugation step at 2000 rev-
olutions per minute for 10 minutes, then were grown
in RPMI-1640 medium supplemented with 10% heat-
inactivated FBS, 50 U/mL of penicillin, 50 �g/mL of
streptomycin, 10 mM of L-glutamine, and 500 �g/mL
of amphotericin B. The established primary cell lines
were sustained only from 6 to 8 weeks and were pas-
saged either 25-cm3 or 75-cm3, vented tissue-culture
flasks or in 24-well plates at 37°C in a humidified
atmosphere of 5% carbon dioxide.

Quantification of cell apoptosis, viability, and cell cycle
Apoptosis was quantified as the percentage of cells
with hypodiploid DNA assessed by propidium iodide
(PI) incorporation, as described previously.15 Approx-
imately 1 � 106 cells were centrifuged at 1100 revolu-
tions per minute for 5 minutes; then, they were resus-
pended gently in 400 �L of a hypotonic fluorochrome
solution consisting of 50 �g/mL of PI, 3.4 mM of
sodium citrate, 1 mM of Tris, 0.1 mM of ethylenedia-
mine tetraacetic acid (EDTA), and 0.1% Triton X-100.
The samples were stored in the dark at 4°C for be-
tween 15 minutes and 20 minutes prior to analysis
using an Epics XL-MCL Coulter ELITE cytofluorom-
eter (BD BioSciences, Franklin Lakes, NJ). At least 5000
events were collected and analyzed. Decreased PI in-
tensity represents increased double-stranded DNA
cleavage. Early necrotic cells do not have double-
stranded breaks and have high PI staining, as do nor-
mal cells. PI viability assays also were performed to
distinguish between the intact cellular membranes of
apoptotic cells and the disrupted membranes of ne-
crotic cells. Apoptotic cell nuclei were distinguished
from normal nuclei by their hypodiploid DNA. Cellu-
lar debris was excluded from the analysis by raising
the forward threshold. All measurements were per-
formed under the same instrument settings. For cell
cycle analysis, in total, 5000 events were gated on PI
intensity into G1/S-phase and G2M-phase. The pro-
portion of cells that entered G2M-phase are expressed
as a percentage of total cells gated across G1/S-phase
and G2M-phase.

Western blot analysis
Total protein was isolated after treatment using the
NP-40 protein-isolation solution16 (0.5% NP-40; 10
mM of Tris [pH 8.0], 60 mM of KCl, 1mM of EDTA [pH
8.0], 1 mM of dithiothrietol [DTT], 10 mM of phenyl
methyl sulfonyl fluoride, 1 �M each of leupeptin and
aprotinin, and 2 �M of pepstatin). Protein content was
assayed using the DC protein assay kit (BioRad, Inc.,
Cambridge, MA). Protein (50 �g) was run on a 12%
sodium dodecyl sulfate-polyacrylamide gradient gel,
which was transferred electrophoretically to Immo-
bilon-P (Millipore, Bedford, MA). Equal protein load-
ing was confirmed routinely by staining for �-actin
and Coomassie blue. Blots were blocked with 1% bo-
vine serum albumin/Tris-buffered saline and 0.1%
Tween-20 for 1 hour at room temperature, after which
they were incubated in either the AMACR (1:500 dilu-
tion) or CK8/CK18 primary antibody (1:500 dilution).
After washing, membranes were incubated with either
horseradish peroxidase-conjugated antimouse immu-
noglobulin G (Cell Signaling Laboratories, Beverly,
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MA) or goat antirabbit immunoglobulin G (BD Trans-
duction Laboratories, Oxford, U.K.) at a 1:5000 dilu-
tion for 1 hour. Blots were developed by using an
enhanced-chemiluminescence substrate system for
the detection of horseradish peroxidase (Amersham
Biosciences, UK Ltd., Newcastle-upon-Tyne, U.K.).

cDNA synthesis from template RNA
After total RNA extraction, 1 �g of total RNA was
DNase-treated by incubating with 1 � DNase I reac-
tion buffer and 0.1 U DNase I (amplification grade).
The reaction was terminated by the addition of 2 mM
of EDTA followed by heat inactivation for 10 minutes
at 65°C. The prepared template was then incubated
with 1 � first-strand buffer, 10 mM of DTT, 0.5 mM of
dinucleotide triphosphate mix, and 0.015 �g of ran-
dom primers with 20 U of SuperScript II RNase H-
Reverse Transcriptase. One cycle of PCR was per-
formed as follows: a primer-annealing step for 10
minutes at 25°C, reverse transcription for 50 minutes
at 42°C, and an enzyme-inactivation step for 15 min-
utes at 70°C.

Real-time reverse transcriptase-PCR
PCR reactions in duplicate for SRD5A1 and AR were
set up in separate tubes with Taqman Universal PCR
Master Mix, after which cDNA was amplified at default
thermal cycling conditions: 2 minutes at 50°C, 10 min-
utes at 95°C for enzyme activation followed by 40
cycles of 15 seconds at 95°C for denaturation, and 1
minute at 60°C for annealing and extension. Results
were analyzed by using the � Cycle Threshold method
of analysis.

Statistical Analysis
Statistical analysis was performed using a 1-way anal-
ysis of variance (ANOVA) with Student–Newman cor-
rection. Analysis was also performed, as indicated, by
using a 1-tailed or 2-tailed Student t test for unpaired
data. Significance was assumed for values of P�.05.
Results are expressed as mean � standard deviation.

RESULTS
Effects of Dutasteride on Prostate Cancer Epithelial Cell
Apoptosis
First, we undertook time course studies on the effects
of dutasteride on apoptosis in a variety of prostate cell
lines, including the androgen-sensitive PwR-1E, PNT2,
LNCaP, PC3(AR2) cell lines and the androgen-inde-
pendent PC-3 cell line. Based on the ability of dutas-
teride to induce apoptosis, the cell lines could be
divided into responders or nonresponders (Table 1). It
is noteworthy that the PC3 cell line was unresponsive
to dutasteride treatment, whereas the AR-positive

PC3(AR2) cell line responded. The LNCaP and
PC3(AR2) cell lines remained responsive with treat-
ment out to 4 days and 5 days, respectively; however,
the PC3 cell line remained unresponsive with treat-
ment up to 4 days (data not shown).

Next, dose-response curves were constructed with
a dutasteride-responsive cell line (PwR-1E) and an
unresponsive cell line (PC3), which were treated with
increasing concentrations of dutasteride (0-10 �M).
Dutasteride at 10 �M resulted in a significant (P�.05)
induction of apoptosis after 24 hours in the PwR-1E
cell line (Fig. 1) with no alteration in cell necrosis (data
not shown). However, PC-3 cells did not undergo any
significant dose-dependent increase in apoptosis (Fig.
1) or necrosis (data not shown) when they were
treated for 24 hours.

Then, we assessed the effects of dutasteride in
established, first-passage, primary prostate cancer
cultures. Treatment of patient primary prostate cancer
cells had differential responses to the effects of duta-
steride. An ANOVA of all treated patient samples
(n � 16 samples) showed that there was no significant
increase in dutasteride-induced apoptosis after incu-
bation for 24 hours (Fig. 2A). However, further analysis
revealed 2 specific groups: samples that were classi-
fied as either dutasteride-responders (n � 7 samples)
(Fig. 2B) or nonresponders (n � 9 samples) (Fig. 2C).
Responders were differentiated from nonresponders
based on a 50% induction of apoptosis at 5 �M and 10

TABLE 1
Time Course Study of the Effects of Dutasteride on Prostate Cell
Apoptosis*

Cell Line
Dutasteride,
(�M)

% Apoptosis

12 Hours 24 Hours 48 Hours

Responders
PwR-1E 0 9.1 � 3.0 9.7 � 6.2 9.3 � 3.0
PwR-1E 10 14.0 � 8.7 18.0 � 5.8† 23.1 � 9.0†
PNT2 0 7.3 � 3.56 5.8 � 0.7 11.0 � 3.9
PNT2 10 18.7 � 0.6† 25.2 � 4.9† 29.6 � 9.2†
LNCaP 0 7.8 � 0.5 11.8 � 0.8 5.5 � 6.8
LNCaP 10 9.2 � 1.6 14.8 � 0.4† 18.8 � 1.3†
PC3 (AR2) 0 4.1 � 0.6 4.1 � 1.5 6.9 � 1.7
PC3 (AR2) 10 8.6 � 6.5 8.4 � 4.7 20.5 � 4.18†

Nonresponder
PC3 0 7.6 � 1.1 3.5 � 1.7 8.9 � 1.0
PC3 10 6.4 � 1.0 5.4 � 2.2 10.2 � 2.6

* The prostate androgen-sensitive PwR-1E, PNT2, LNCaP, the androgen receptor-expressing PC3 (AR2)

and the androgen-independent PC3 cell line were treated with either with 0 �m of dutasteride (vehicle

control at a final dimethyl sulfoxide concentration of �0.1%) or with 10 �M dutasteride over 48 hours

and were assessed for apoptosis by propidium iodide DNA staining and flow cytometry. The results are

presented as the mean percentage apoptosis � standard deviation (average, 3 experiments). Statistical

analyses were performed using Student t tests for paired data.

† P�.05 versus control.
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�M dutasteride. Because we had predicted that duta-
steride would induce apoptosis, a direct comparison
was made between the rates of apoptosis after 5 �M
and 10 �M dutasteride treatment between our 2
groups. Responders showed induction of apoptosis in
response to 5 �M dutasteride compared with nonre-
sponders, but the difference was not significant. How-
ever, responders showed a significant difference
(P � .037; unpaired; 1-tailed Student t test) in the ap-
optotic rate to 10 �M dutasteride compared with non-
responders.

Effects of Dutasteride on Prostate Cell Cycle Progression
To ascertain whether dutasteride affected the passage
of treated prostate cells through the cell cycle, we
assessed cell cycle profiles of the dutasteride-respon-
sive LNCaP cell line at 48 hours posttreatment and
calculated the percentage of cells that progressed to
G2M-phase. There was no significant decrease in G2M-
phase induced by dutasteride in the LNCaP cells. Cell
cycle analysis in primary prostate epithelial cells dem-
onstrated that dutasteride had no significant effect on
the progression to G2M-phase in either the responder
group or the nonresponder group (Fig. 3B).

Characterization of Primary Prostate Cancer Cells
Characterization of the primary tumor from which cells
were isolated
To ascertain the differences between the responder
and nonresponder isolated prostate epithelial cells,

first, we first assessed characteristics of the primary
tumor from which the cells were derived. The preop-
erative prostate-specific antigen (PSA) levels did not
differ significantly in patients samples between either
the responders (6.2 � 1.6 ng/mL) or the nonre-
sponders (8.5 � 5.2 ng/mL). However, there was a sig-
nificant increase (P � .04; unpaired, 2-tailed Student t
test) in the Gleason grade of primary tumors from
which the responder cells (6.4 � 1.20) were cultured
compared with nonresponders (5.2 � 0.83). Despite
this finding, the clinical significance would have to be
preserved in a larger study.

Characterization of cells grown from the tumor
Next, we determined any difference in the phenotypic
characteristics of the derived primary epithelial cells.
Morphologic assessment demonstrated typical epithe-
lial cell characteristics of a single population of cells
with no stromal contamination (Fig. 4A). To confirm
their differentiated, luminal phenotype, primary cul-
tures were assessed for the expression of the epithelial
cell marker CK18. All tumor cells that were grown from
the primary tissue were positive for CK18, which was
indicative of a secretory phenotype (Fig. 4B). Because
advanced prostate cancer cells have increased resis-
tance to apoptosis, the expression of AMACR was as-
sessed to determine the presence of a malignant phe-
notype. Figure 4C shows that there was expression of
the AMACR protein among the dutasteride-responsive
patient samples compared with nonresponsive pa-
tient samples.

Analysis of Primary Prostate Cell 5 �-Reductase and AR
Expression
To ascertain whether the observed differences in ap-
optotic response to dutasteride between our re-
sponder and nonresponder groups could be explained
by differences in either of the 5 �-reductase isoen-
zymes, we assessed the expression of both Type I
(SRD5A1) and Type II (SRD5A2) at the transcriptional
level by using specific, real-time PCR Taqman assays.
Figure 5A shows the SRD5A1 expression levels for 3
responder and nonresponder patient samples without
a significant difference (2-tailed Student t test for un-
paired data). SRD5A2 was not detected in any of the
same duplicate samples.

The levels of AR expression also were assessed by
using a specific, real-time PCR Taqman assay in the
same responder and nonresponder samples that were
assayed for SRD5A1. Again, there was no significant
difference (2-tailed Student t test for unpaired data) in
expression between the 2 groups (Fig. 5B).

FIGURE 1. The effects of dutasteride are illustrated on PC-3 (androgen-

independent; androgen receptor [AR]-negative) and PwR-1E (androgen-depen-

dent; AR-positive) cell apoptosis. PC-3 and PwR-1E cells were treated with 0

�m, 0.1 �m, 1 �m, and 10 �m dutasteride for 24 hours. The cells then were

assessed for the percent apoptosis by using propidium iodide DNA staining and

were analyzed by flow cytometry. Results shown are the mean � standard

deviation of 2 experiments. Statistical analyses were performed using a 1-way

analysis of variance. An asterisk indicates P�.05 versus control.
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DISCUSSION
Prostate cancer incidence continues to rise, and new
strategies for its prevention and treatment are re-
quired. Dutasteride is a Type I and II 5ARI. Recent
studies have shown that it induces apoptosis directly
in both the LNCaP and PC-3 prostate cancer cells lines
independent of the AR.11,12

The current study was designed to determine the
apoptotic effects of dutasteride further in a range of
both androgen-sensitive and androgen-independent
prostate cancer cell lines, including primary prostate
cancer cell cultures that were isolated from patients
who underwent radical prostatectomy. Our novel
findings show that dutasteride exhibited differential
effects in a range of prostate cell lines that were di-
vided into responders and nonresponders. For in-
stance, 10 �M dutasteride treatment of the PwR-1E
cell line (a nonmalignant prostate cell phenotype)
demonstrated a significant induction of apoptosis as
early as 24 hours after treatment. We also verified the
published findings by Lazier et al.11 and Schmidt et
al.,12 who demonstrated a dose-dependent decrease in
cell numbers of the androgen-sensitive LNCaP cell
line with similar concentrations of dutasteride up to
96 hours. We have shown that the PC3(AR2) AR-pos-
itive cell line responded to dutasteride treatment;
however, when the androgen-independent PC-3 cell
line was treated for the same duration, there was no
significant apoptotic induction. These findings differ
from those of Lazier et al.,11 who demonstrated an
effect at 9 days of incubation. However, long-term
treatment proved difficult because of cell over-growth
and death attributed to confluency. From our study,
we conclude that the dutasteride-induced effects are
AR-dependent. However, Lazier et al. demonstrated
that, although binding of the LNCaP cell AR by the

Š

FIGURE 2. The effects of dutasteride are illustrated on primary prostate

cancer epithelial cell apoptosis for (A) all patients (n � 16), (B) for responders

(n � 7), and (C) for nonresponders (n � 9). Primary prostate cancer epithelial

cells were derived from individual prostate samples that were collected at the

time of radical prostatectomy. Primary epithelial cells were incubated with

different concentrations of dutasteride (range, 0-10 �M) and were assessed for

apoptosis after 24 hours by using propidium iodide DNA staining followed by

flow cytometry. Vertical bars of box plots indicate the extreme upper and lower

values, and horizontal boundaries of boxes represent the 1st and 3rd quartiles,

respectively. Statistical analysis was performed using a 1-way analysis of

variance. There was no significant difference (P�.05) noted between control

and any concentration of dutasteride within each group. However, further

analysis demonstrated a significant difference between responders and non-

responders (P � .037) after treatment with 10 �M dutasteride (1-tailed Stu-

dent t test for unpaired data).
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synthetic androgen R1881 partially protected the cells
from dutasteride-induced apoptosis; it did not abolish
apoptosis completely, suggesting that an alternate
pathway, independent of a functioning AR, must me-
diate the apoptotic effects of dutasteride.

In the analysis of all 16 primary cultures gener-
ated, we demonstrated that dutasteride did not have
any significant apoptotic induction; however, further
analysis of the results demonstrated that patients
could be stratified into 2 cohorts: responders (with
50% induction of apoptosis) and nonresponders. Be-
cause each primary represents a separate cell line,
characterizing the phenotype of these cells may help
in the identification of a dutasteride-susceptible phe-
notype. First, morphology of the isolated cultured cells
confirmed a fibroblast-free, epithelial cell phenotype.
Further characterization confirmed a secretory phe-
notype, as evidenced by consistent positivity for
CK18.17 The next characterization step was to deter-
mine the extent of tumor development. There was no
correlation between the original PSA serum level and

the cells’ response to dutasteride. However, there was
a significant increase in the original tumor Gleason
scores of the responders compared with the nonre-
sponders. The clinical significance of this finding will
need to be pursued as part of a larger study.

Previous work on AMACR, which is a metabolic
enzyme,18 demonstrated consistently elevated expres-
sion of AMACR mRNA in prostatic carcinoma19 com-
pared with other cancers. However, it also has been
demonstrated that AMACR expression is down-regu-
lated at both the mRNA level and the protein level in
hormone-refractory metastatic prostate cancer.20,21 In
the current study, there was an increase in AMACR
protein expression that was correlated with Gleason
scores in the responder samples only (Fig. 4C). This
finding is in contrast to our predicted result, which
indicated that nonresponders would have a more ag-
gressive, androgen-independent disease than re-
sponders, but this was not the case. However, unfor-
tunately, the finding raises the possibility that the
primary cells grown from low-grade tumors were

FIGURE 3. The effects of dutasteride on cell cycle progression are illustrated. (A) The effects of dutasteride are shown on the percentage of cells that entered

G2M-phase. Dutasteride-responsive LNCaP cells were treated with control, 1 �M, and 10 �M of dutasteride for 48 hours; then, the percentage of cells that entered

G2M phase were assessed using flow cytometry. The results are expressed as the mean � the standard deviation of 4 experiments. The decrease in the percentage

of cells that entered G2M-phase was not significant. (B) The effects of dutasteride are shown on the percentage of primary prostate cancer epithelial cells that

entered cycle G2M-phase. Treated primary prostate epithelial cells were from responders (n � 7 patients) and nonresponders (n � 9 patients). Statistical analysis

was performed using a 1-way analysis of variance. There was no significant difference found between control, 1 �M, or 10 �M concentrations of dutasteride.
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more basal in phenotype despite their positive CK18
status and, thus, would not require DHT for survival.
Further analysis of other prostate luminal and basal
phenotype markers of interest would be the produc-
tion of PSA and prostatic acid phosphatase (PAP) for
luminal cells and the production of basal-specific cy-
tokeratins (CK5, CK14, and CD44).17

We also assessed the expression of Type I
(SRD5A1) and Type II (SRD5A2) 5 �-reductase at the
transcriptional level in dutasteride responders and
nonresponders. SRD5A1 was expressed in responder
and nonresponder samples; however, SRD5A2 was not
expressed consistently. Previously published re-
ports5,22 have demonstrated decreased expression of 5
�-reductase type II in prostate cancer specimens by
microarray, reverse transcriptase-PCR analysis,5 and
immunostaining.22 Thomas et al.23 demonstrated high
immunoreactivity for 5 �-reductase Type I in 28% of

FIGURE 4. Prostate epithelial cells are characterized. (A) A light-microscope

image (original magnification, �10) of isolated primary prostate epithelial cell

culture from a representative patient sample showing the characteristic “cob-

ble-stone” morphology associated with epithelial cell cultures. There was no

morphologic evidence of contaminating fibroblast/stromal cells. (B) Primary

prostate cancer epithelial cell cytokeratin 18 (CK18) expression is character-

ized. Total cellular protein (50 �g), was extracted from primary prostate cancer

epithelial cells, analyzed by Western blot analysis, and probed with mouse

anti-CK18 antibody. Total cellular protein extracted from untreated LNCaP cells

acted as a positive control. Equal loading was confirmed by mouse anti-�-actin

monoclonal antibody. Western blots represent the results from 3 responders

and 3 nonresponders. (C) Primary prostate cancer epithelial cell �-methylacyl-

CoA racemase (AMACR/P504S) expression is characterized. Total cellular

protein (50 �g) was extracted from primary prostate cancer epithelial cells,

analyzed by Western blot analysis, and probed with rabbit anti-P504S antibody.

Protein extracted from untreated LNCaP cells acted as a positive control. Equal

loading was confirmed by mouse anti-�-actin monoclonal antibody. Western

blots represent the results from 3 responders and 3 nonresponders.

FIGURE 5. Real-time polymerase chain reaction (PCR) analysis is illustrated

in prostate epithelial cell cultures. Quantification of primary prostate cancer

epithelial cell (A) 5 �-reductase type I (SRD5A1) and (B) androgen receptor (AR)

was determined by specific, real-time PCR TaqMan assays. Analysis was

performed on combinational DNA samples from 3 representative responders

and 3 representative nonresponders. Data were normalized relative to the

ribosomal 18S endogenous control and are represented as the average � cycle

threshold (�CT) of each sample in duplicate � standard deviation.
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prostate tumor epithelia specimens. Differences in the
expression of 5 �-reductase isoenzymes in our sam-
ples also may reflect the primary nature of the model
used. Bayne et al.24 reported that, for BPH-derived
epithelial cultures, SRD5A2 transcripts were detect-
able by reverse transcriptase-PCR at Day 10 of culture,
but this expression was absent from cultures that were
incubated for 14 days. However, when epithelial cul-
tures were incubated with prostate fibroblast-condi-
tioned medium, Type II mRNA expression was re-
stored, which is suggestive of a fibroblast-specific
factor that induces the transcription of SRD5A2 in
primary prostate epithelia. Therefore, the expression
of SRD5A2 in prostate epithelia appears to depend on
the duration of culturing and/or fibroblast presence.

AR expression levels also were assessed in our
cultures by real-time PCR. The same responder and
nonresponder samples that expressed SRD5A1 also
expressed AR. Because fibroblasts are required for
maintaining the expression of AR in long-term cul-
tures,25,26 we cultured the cells only for 6 to 8 weeks,
which previously has been shown to maintain AR
mRNA expression.27

The similar expression of both SRD5A1 and the AR
between our responder and nonresponder cultures
cannot account for the difference in apoptotic re-
sponse to dutasteride treatment. Other underlying dif-
ferences possibly may determine an individual’s sen-
sitivity to dutasteride treatment, such as steroid
hormone metabolism. Metabolic enzymes, other than
or in addition to 5 �-reductase, influence the local
availability of testosterone and DHT to cancer cells.
Such enzymes may include aldo-keto reductases
(AKRs) like AKR1C, 17�-hydroxysteroid dehydroge-
nase (HSD) Type 5, and/or 17�-HSD Type 10.28 In
addition, with increasing age, the ratio of estrogen to
testosterone increases, thus leading to a gradual in-
crease in the estrogenic dominance of the local envi-
ronment.29 Changes in the expression of estrogen re-
ceptors (ERs) ER� and ER� also have been reported
during the development of prostate cancer and at
different stages of prostate cancer.30

Why the higher Gleason score/AMACR-positive
cells still were responsive to dutasteride is unknown,
but this may represent androgen-responsive disease
among responders who have not yet progressed to the
hormone-refractory phenotype. Furthermore, it is im-
portant to note that none of these patients had been
treated previously with androgen-ablative therapies.
Previous analysis of AMACR expression by immuno-
histochemical19 and cDNA microarray studies20,21 of
benign prostate, BPH, localized hormone-naive pros-
tate cancer, and hormone-refractory metastatic pros-
tate cancer demonstrated a significantly stronger ex-

pression among the clinically localized samples
compared with benign tissues. However, a decrease
was observed for metastatic disease.20,21 It also is
noteworthy that patient AMACR expression was inde-
pendent of hormone therapy, because both hormone-
refractory and untreated metastases expressed AM-
ACR, indicating that the regulation of its expression is
androgen independent.21 Western blot analysis of AM-
ACR expression among the PC3, DU145, RWPE, and
LNCaP cell lines revealed that both of the hormone-
independent cell lines exhibited lower constitutive ex-
pression compared with the hormone-responsive LN-
CaP cells, whereas the benign cell line RWPE showed
near absent expression.20

To start exploring the mechanism that contributes
to apoptotic responsiveness, we assessed whether
dutasteride induced any changes in cell cycle progres-
sion. There were no significant changes in the per-
centages of treated primary responder and nonre-
sponder epithelial cells that progressed to G2M-phase
of the cell cycle after treatment for 24 hours. In a
recent study, Festuccia et al.31 showed that dual inhi-
bition of both 5 �-reductase enzymes by MK906 (Fin-
asteride) and MK386 in primary cultures of prostate
cancer cells (that contained both fibroblast/stromal
cells and epithelial cells) induced several morphologic
changes and demonstrated growth inhibition. In ad-
dition, inhibition of growth also was observed in the
same study in LNCaP cells that were cocultured with
prostate cancer fibroblasts and in LNCaP cells that
were cocultured with fibroblasts or stroma derived
from BPH specimens. In the current study, we showed
that the proportion of cells entering the G2M-phase of
the cell cycle was reduced in LNCaP cells that were
treated with both 1 �M and 10 �M dutasteride at 48
hours.

The results of the current study demonstrated that
dutasteride effectively induced apoptosis in a subset
of prostate cell lines. The cells that were responsive to
the treatment included the androgen-sensitive PwR-
1E, PNT2, LNCaP, and PC3(AR2) cell lines, but the
androgen-independent PC3 cells were unresponsive.
We also demonstrated that dutasteride induced signif-
icant apoptosis at the 10-�M concentration in the
androgen-dependent PwR-1E cell line, but not in the
androgen-independent PC3 cell line, after treatment
for 24 hours. Furthermore, the results of the current
study revealed the existence of 2 groups of prostate
epithelial cells that were grown from tissue collected
from patients who underwent radical prostatectomy
for localized disease: some patients responded to the
effects of dutasteride, whereas others did not. This is
an important observation, because the selective iden-
tification of patients who are most likely to respond to
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dutasteride treatment will be of paramount impor-
tance in determining the role of dutasteride either as
chemoprevention or as treatment for prostate cancer.
Clinical criteria, such as Gleason scoring, and the use
of cellular markers of malignancy, such as AMACR
(among others), will aid in the identification of those
patients who are most likely to benefit from duta-
steride therapy. The global development of a standard
panel of markers for use in such patient selection will
be vital to realize maximally successful treatment with
dutasteride or any other agent for prostate cancer.
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