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Abstract

BACKGROUND—Finasteride and dutasteride were developed originally as 5α-reductase

inhibitors to block the conversion of testosterone to dihydrotestosterone (DHT). These drugs may

possess off-target effects on the androgen receptor (AR) due to their structural similarity to DHT.

METHODS—A total of 4 human prostate cancer cell models were examined: LNCaP (T877A

mutant AR), 22Rv1 (H874Y mutant AR), LAPC4 (wild type AR) and VCaP (wild type AR). Cells

were cultured in 10% charcoal-stripped fetal bovine serum, either with or without DHT added to

the medium. AR activity was evaluated using the ARE-luciferase assay or the expression of AR

regulated genes.

RESULTS—Dutasteride was more potent than finasteride in interfering with DHT-stimulated AR

signaling. Disruption of AR function was accompanied by decreased cell growth. Cells that rely

on DHT for protection against death were particularly vulnerable to dutasteride. Different prostate

cancer cell models exhibited different sensitivities to dutasteride and finasteride. LNCaP was most

sensitive, LAPC4 and VCaP were intermediate, while 22Rv1 was least sensitive. Regardless of the

AR genotype, if AR was transfected into drug-sensitive cells, AR was inhibited by drug treatment;

and if AR was transfected into drug-resistant cells, AR was not inhibited.

CONCLUSIONS—The direct inhibitory effect of dutasteride or finasteride on AR signaling is

cell line specific. Mutations in the ligand binding domain of AR do not appear to play a significant

role in influencing the AR antagonistic effect of these drugs. Subcellular constituent is an

important factor in determining the drug effect on AR function.
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INTRODUCTION

A functional androgen receptor (AR) is critical to the growth of prostate cancer cells.

Testosterone, the major circulating androgen in the body, is converted to dihydrotestosterone

(DHT) by steroid 5α-reductases upon uptake into tissues, including the prostate. Compared

to testosterone, DHT is the preferred ligand for the AR by virtue of a slower dissociation

rate [1]. Blocking the conversion of testosterone to DHT using 5α-reductase inhibitors, such

as finasteride or dutasteride, has been considered promising for prostate cancer prevention.

Finasteride inhibits primarily the type 2 5α-reductase, whereas dutasteride inhibits both the

type 1 and type 2 isoenzymes. Finasteride and dutasteride reduced the frequency of a

diagnosis of prostate cancer in the Prostate Cancer Prevention Trial (PCPT) and Reduction

by Dutasteride of Prostate Cancer Events (REDUCE) trial, respectively [2, 3].

Finasteride and dutasteride may possess off-target effects on proteins that bind androgen,

such as the AR, due to their structural similarity to testosterone and DHT. We have reported

previously that finasteride interferes with DHT binding to AR, reduces DHT-stimulated AR

activity, and depresses DHT-stimulated growth of LNCaP cells [4]. These findings suggest

that this AR inhibition by finasteride is independent of its ability to inhibit 5α-reductase.

LNCaP cells contain the T877A mutant AR. Would wild type AR or other AR mutants

respond similarly to finasteride? How is dutasteride different from finasteride in this

respect? Is there a biological consequence to the effect of finasteride or dutasteride on AR

signaling? And finally, do cell type characteristics play an important role in modulating the

sensitivity to finasteride or dutasteride? These issues were addressed in the present study.

A total of 4 AR-positive human prostate cancer cell lines were examined: LNCaP, 22Rv1,

LAPC-4 and VCaP. These 4 cell lines all respond to DHT stimulation of AR activity,

although they vary in the sensitivity of the response. LNCaP and 22Rv1 carry the T877A

and H874Y mutations in the ligand binding domain of AR, respectively, while LAPC-4 and

VCaP carry wild type AR [5, 6]. Cells were cultured in 10% charcoal-stripped fetal bovine

serum, either with or without DHT added to the medium. The confounding effect of

dutasteride or finasteride as a 5α-reductase inhibitor is not a factor in these experiments

because exogenous DHT was used as the ligand to activate the AR. To address the questions

posed in the previous paragraph, a number of readouts were included in the design: ARE-

luciferase assay, expression level of AR-regulated genes as determined using qRT-PCR, and

measurements of cell proliferation and cell death. Additionally, the effect of dutasteride or

finasteride was assessed in the AR-null DU145 cells, which were transfected with various

AR isoforms. Experiments also were designed to investigate the importance of cell line

specificity in determining the responsiveness of AR to inhibition by dutasteride or

finasteride.
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MATERIALS AND METHODS

Cell Lines and Reagents

LNCaP, 22Rv1, VCaP and DU145 human prostate cancer cell lines were purchased from

American Type Culture Collection (Manassas, VA). LAPC-4 was provided by Dr. Charles

Sawyer at Memorial Sloan-Kettering Cancer Center, New York, NY. DHT and finasteride

were purchased from Sigma-Aldrich (St. Louis, MO). Dutasteride was obtained from

GlaxoSmith Kline (Clifton, NJ). RPMI 1640 and DMEM media were purchased from

Invitrogen (Carlsbad, CA). Fetal bovine serum (FBS) and charcoal-dextran stripped FBS

were purchased from Atlanta Biologicals (Lawrenceville, GA) and Thermo Scientific/

Hyclone (Logan, UT), respectively.

Cell Culture Treatment

LNCaP, 22Rv1 and LAPC-4 cells were maintained in RPMI 1640 medium supplemented

with 10% FBS. Culture dishes for LAPC-4 cells were coated with poly D-lysine (Sigma-

Aldrich). VCaP cells were maintained in DMEM supplemented with 10% FBS. All cell lines

were pre-cultured for 24 hr in their respective media containing 10% charcoal-stripped FBS

before treatment. DHT (dissolved in ethanol), dutasteride or finasteride (the latter two

dissolved in DMSO) was added to the culture and continued for various lengths of time

depending on the experimental design. Untreated control cultures contained either 0.1%

ethanol or 0.1% DMSO to match the concentration of the solvent present in the treated

cultures. Cells were incubated at 37°C in an atmosphere of 5% CO2 and air.

ARE-Luciferase Reporter Assay

Cells were transfected with pGL3-ARE-luc as described previously [4], and replated in a

medium containing 10% charcoal-stripped FBS at 50,000 cells per well in 24-well plates for

24 hr before treatment with DHT, dutasteride, finasteride, DHT + dutasteride, or DHT +

finasteride. Cells were harvested in Reporter Lysis Buffer (Promega, Madison, WI) after 24

hr of treatment. Luciferase activity was determined using the Promega Luciferase 1000

Assay System on a Clarity Luminescence Microplate Reader (BioTek Instruments,

Winooski, VT). The protein concentration of the cell lysate was determined using the

Coomassie Plus Protein Assay Reagent (VWR, Atlanta, GA). The relative light unit (RLU)

of the luciferase activity reading was normalized against the amount of protein in the lysate.

In some cases, the RLU/protein value was further normalized against AR abundance. The

latter was determined from densitometry reading of AR specific band on Western blots.

Western Blotting and Antibodies

The methods for sample harvesting and processing, SDS-PAGE, and gel blotting were

described previously [7]. Antibodies to AR and GAPDH were purchased from BD

Pharmigen (San Jose, CA) and Millipore (Billerica, MA), respectively.

RNA Isolation and qRT-PCR

The procedures of RNA isolation and real time qRT-PCR were described in detail

previously [8]. The primers for prostate specific antigen (PSA), kallikrein-related peptidase
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2 (KLK2), acetyl CoA acetyltransferase 2 (ACAT2), fatty acid synthase (FASN),

transmembrane protease serine 2 (TMPRSS2) and NK3 homeobox 1 (NKX3-1) were

synthesized by Integrated DNA Technologies (Coralville, IA). The PCR primer sequences

used were: FASN, Forward-5-GCTCCAGCCTCGCTCTC-3′, Reverse- 5′-
TCTCCGACTCTG GCAGCT T-3′; ACAT2, Forward- 5′-
TGGGCAGAATCCTGTTAGACA-3′, Reverse- 5′-TGCAAGGCACACAGCTTTTAG-3′;
NKX3-1, Forward- 5′-GTACCTGTCAGCCCCTGA AC-3′, Reverse- 5′-
GGAGAGCTGCTTTCGCTTAG-3′; PSA, Forward-5′-GCATGG

GATGGGGATGAAGTAAG-3′, Reverse- 5′-CATCAAATCTGAGGGTTGTCTGGA-3′;
KLK2, Forward- 5′-GCTGCCCATTGCCTAAAGAAG-3′, Reverse- 5′-TGGGAA

GCTGTGGCTGACA-3′; TMPRSS2, Forward-5′-CTGCCAAGGTGCTTCTCATT-3′,
Reverse- 5′-CTGTCACCCTGGCAAGAATC-3′. Quantitative RT-PCR reactions were set

up with the use of the SYBR Green qPCR Supermix and the Applied Biosystems 7900HT

Fast RTPCR System (Foster City, CA). The relative expression of each gene was calculated

using the -δδCt method and analyzed statistically as described previously [8].

AR Transfection

Wild type AR was over-expressed in AR-null DU145 cells using pSG5-AR (wt) provided by

Dr. Chawnshang Chang [9]. AR T877A was over-expressed using pSG5-AR (LN) provided

by Dr. Shutsung Liao [10]. AR H874Y was over-expressed using pCMV-AR (H874Y)

provided by Dr. Frank French [11]. Mutations in the various AR genotypes were confirmed

by DNA sequencing. The pGL3-Basic plasmid was purchased from Promega. DU145 cells

were transfected with each of the AR plasmids using Lipofectamine 2000 from Invitrogen,

after which the cells were replated in RPMI 1640 medium containing 10% charcoal-stripped

FBS for 24 hr before treatment.

Additional AR transfection experiments involved over-expressing AR H874Y in LNCaP

cells, and AR T877A in 22Rv1 cells.

Cell Viability Assay with Trypan Blue Staining

Cells were trypsinized and suspended in phosphate buffered saline and kept on ice. An equal

volume of trypan blue solution was added to the cell suspension. Cells were counted under a

microscope on a hemacytometer. Clear cells were counted as live cells, while blue colored

cells were counted as dead cells. Each counting experiment was repeated 3 times.

RESULTS

Effect of Dutasteride on DHT-Stimulated ARE-Luciferase Activity in Different Prostate
Cancer Cell Lines

Cells were harvested at 24 hr after various treatments: DHT alone, dutasteride alone, or

DHT + dutasteride. Samples also were generated for the determination of AR protein level

by Western blotting. The luciferase data were normalized against total protein as well as the

relative abundance of AR (Fig.1, bottom). The results for each cell line were expressed as

percentages of the value observed in cells treated with 1 nM DHT (set as 100%) in order to

facilitate comparisons among the 4 cell lines that have different sensitivity to DHT
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stimulation of ARE-luciferase activity. The 1 nM DHT data was chosen as the 100%

standard because this DHT concentration yielded the maximal ARE-luciferase stimulation.

The average fold of increase induced by 1 nM DHT in LAPC-4, LNCaP, VCaP and 22Rv1

cells was about 1,500, 40, 30 and 5, respectively (data not shown). Plotting the luciferase

data as RLU values for each cell line would tend to distort the overall picture since the scale

of measurement would have been stretched over too wide a range for proper interpretation.

Two observations are common to all 4 cell models. First, DHT produced a dose-dependent

stimulatory effect up to 1 nM (columns 1-4). Second, dutasteride by itself, at a concentration

of 0.1, 0.2, 0.5 or 1 μM, did not increase ARE-luciferase activity above baseline value

(columns 5-8), which suggested that dutasteride is not an AR agonist. The response to

dutasteride in the presence of 1 nM DHT differed among the 4 cell lines. LNCaP cells were

the most sensitive (Fig. 1A). The ARE-luciferase activity was reduced to 10% or less of the

1 nM DHT value over the dose range of 0.1-1 μM dutasteride (columns 9-12). The other end

of the sensitivity spectrum was represented by 22Rv1 cells, which were much more resistant

to dutasteride (Fig. 1B). A modest depression of ARE-luciferase activity by 40-60% was

seen upon treatment with various doses of dutasteride. LAPC-4 cells showed a text-book

example of a graded response to escalating doses of dutasteride (Fig. 1C, columns 9-12).

Like LNCaP cells, VCaP cells also were sensitive to dutasteride (Fig. 1D). As little as 0.1

μM dutasteride was sufficient to depress the DHT-stimulated ARE-luciferase activity by

~70%. More dutasteride did not enhance the inhibitory effect.

Western blotting results showed that high concentrations of dutasteride appeared to cause a

modest decrease of AR protein, an effect that was more pronounced in LNCaP cells (Fig. 1,

top). As noted earlier in this subsection, the ARE-luciferase data were normalized against

changes of AR protein level in order to eliminate such a potential confounding factor. These

experiments demonstrate that different cell lines have different sensitivities to dutasteride

inhibition of AR signaling.

Effect of Finasteride on DHT-Stimulated ARE-Luciferase Activity in Different Prostate
Cancer Cell Lines

A parallel set of experiments of identical design was carried out using finasteride (Fig. 2).

LNCaP cells were very sensitive to finasteride inhibition of DHT-stimulated ARE-luciferase

activity (Fig. 2A). Much of the activity was abolished by as little as 0.25 μM finasteride. In

contrast, 22Rv1 cells responded poorly to finasteride (Fig. 2B). The small decreases

observed with different doses of finasteride were not statistically significant. In LAPC-4

cells, finasteride caused a modest decrease of ARE-luciferase activity, although a dose-

dependent effect was not apparent (Fig. 2C). Like 22Rv1 cells, VCaP cells also showed little

evidence of responsiveness to finasteride (Fig. 2D). Finasteride by itself did not increase

ARE-luciferase activity above baseline value in any of the 4 cell lines.

It may be timely at this juncture to take stock of the similarities and differences between the

dutasteride and finasteride results. Neither drug is an agonist of AR. Both are capable of

inhibiting DHT-stimulated AR activity, although dutasteride is more potent than finasteride

in this respect. The last statement is supported by the data from 22Rv1, LAPC-4 and VCaP

cells. The magnitude of AR activity inhibition by dutasteride is generally greater than that
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by finasteride. LNCaP is exquisitely sensitive to both dutasteride and finasteride such that

~90% of DHT-stimulated AR activity is negated by very low concentrations of either drug.

In summary, these cell models offer an opportunity to explore how cell-specific

characteristics may affect sensitivity to dutasteride or finasteride and their capacity to

interfere with AR signaling.

Effect of Dutasteride or Finasteride on Expression of AR-Regulated Genes

Since the ARE-luciferase assay is a measure of total AR activity that may lack physiological

relevance, the expression of AR-regulated genes was quantified using RT-PCR after

dutasteride or finasteride treatment (Fig. 3). The panel of genes included PSA, KLK2,

ACAT2, FASN, TMPRSS2 and NKX3-1. Cells were harvested at 24 hr after various

treatments: (i) untreated control, i.e., no DHT, (ii) DHT alone, (iii) dutasteride alone, (iv)

DHT + dutasteride, (v) finasteride alone, and (vi) DHT + finasteride. The treatments were

numbered in the same order as columns 1-6 in Figure 3. The gene expression data were

presented as fold of change relative to the untreated control (the scale may vary from panel

to panel). This method of presentation highlighted the up-regulation by DHT (column 2 vs

column 1) and the ability of dutasteride (column 4) or finasteride (column 6) to reverse the

DHT effect. The table below the bar graphs summarized the results in 4 categories for each

cell model: (i) genes downregulated by dutasteride, (ii) genes not affected by dutasteride,

(iii) genes downregulated by finasteride, and (iv) genes not affected by finasteride. The

summary was based on statistical analysis of the bar graph data. Dutasteride was more

effective than finasteride in down-regulating the expression of AR target genes. LNCaP was

most sensitive to these 2 drugs, while 22Rv1 was least sensitive.

Effect of Dutasteride or Finasteride on Cell Growth and Cell Death

Cell growth was determined by counting viable cells to evaluate the biological consequence

of dutasteride or finasteride treatment (Fig. 4A). The day 3 cell growth data were presented

as percentages of the untreated control, which was set as 100%. DHT stimulated growth of

LNCaP cells; both dutasteride and finasteride reduced this stimulatory effect to the untreated

control value. In contrast, 22Rv1 cells were unresponsive to any of these treatments. In

LAPC-4 cells, dutasteride but not finasteride blocked DHT-stimulated growth. Of the 4 cell

lines, VCaP was the least tolerant of a charcoal-stripped serum condition. As a result, when

DHT was added back to the medium, there was a marked increase of growth. Dutasteride

completely reversed the stimulation by DHT, whereas finasteride was ineffective.

The proportion of dead cells also was assessed by trypan blue staining in the same

experiment (Fig. 4B). The data were expressed as percentages of the total population. Dead

cells accounted for <10% of the total population in LNCaP, 22Rv1 and LAPC4 cultures,

even without DHT in the medium. Treatment with DHT had minimal impact on cell death

protection in these 3 models. Neither dutasteride nor finasteride induced more cell death.

VCaP cells fared poorly in the absence of DHT; after 3 days, close to 80% of the population

became non-viable without DHT support. Repletion with DHT decreased markedly the

proportion of dead cells, which suggests that the role of DHT in VCaP cells is mainly pro-

survival. Dutasteride, but not finasteride, counteracted this pro-survival effect of DHT in

VCaP cells.
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Effect of Dutasteride or Finasteride on ARE-Luciferase Activity in DU145 Cells Transfected
with Different AR Genotypes

The data showed that dutasteride caused a more severe disruption of the AR signal than

finasteride, although sensitivity to each drug varied among the 4 cell lines. Since different

AR genotypes are present in the various cell lines, differences in sensitivity may be due to a

cell type-specific effect or an AR genotype-specific effect. To address this question, AR-null

DU145 prostate cancer cells were transfected transiently to express different AR isoforms,

treated with DHT in the presence of either dutasteride or finasteride for 24 h, and assayed

for ARE-luciferase activity (Fig. 5). Dutasteride treatment decreased ARE-luciferase activity

in cells transfected with either wild type AR, H874Y mutant AR, or T877A mutant AR. In

contrast, finasteride was ineffective in all 3 AR transfectants. The transfected AR Western

blot data were shown in the insert of panels A, B and C. In order to highlight the divergence

between the DU145 data and the AR-containing cell line data of Figures 1 and 2, a synopsis

of the results obtained from the same experimental condition was recapitulated in table form

in panel D. The AR-containing cell line data differed from the DU145 data when the same

AR genotype was introduced into DU145 cells. The most striking example was provided by

the transfected DU145/T877A AR model and the LNCaP/T877A AR cell line. Finasteride

inhibited ARE-luciferase activity by >90% in the LNCaP/T877A AR cell line, but had no

effect on the transfected DU145/T877A AR model. Likewise, both dutasteride and

finasteride inhibited the LAPC-4/wild type AR cell line more than the DU145/wild type AR

model. These findings suggest that cell type variation trumps AR genotype as a determinant

of responsiveness to dutasteride and finasteride.

Cell Line Specificity and AR Responsiveness to Finasteride or Dutasteride

Additional experiments were carried out to determine whether cell line specificity is an

important determinant in the response of AR to dutasteride or finasteride. The design

involved over-expressing an exogenous AR from the most sensitive cell line in the least

sensitive cell line, and vice versa. Among the four AR-positive cell models, LNCaP was the

most sensitive to both drugs, whereas 22Rv1 was the least sensitive. First, AR (T877A) from

LNCaP was over-expressed in 22Rv1 cells. The over-expression of AR (T877A) was

confirmed using Western blotting (Fig. 6A). Neither dutasteride nor finasteride had a

significant effect on DHT-stimulated luciferase activity either in control cells transfected

with the empty vector or in cells over-expressing AR (T877A) (Fig. 6B). Next, AR (H874Y)

from 22Rv1 was over-expressed in LNCaP. Western blotting showed the over-expressed AR

(H874) was far more abundant than the endogenous AR (T877A) in the transfected LNCaP

cells (Fig. 6C). DHT-stimulated luciferase activity of control cells was reduced by

dutasteride or finasteride. However, DHT-stimulated luciferase activity also was reduced by

either drug in AR (H874Y) over-expressing cells (Fig. 6D), although the magnitude of

inhibition was not as great as observed in the empty vector-transfected control cells; this

effect contrasted to the response of AR (H874Y) in its parental 22Rv1 cells transfected

under exactly the same conditions (Fig. 6B). Treatment with drugs did not alter significantly

the amount of AR protein in either empty vector-transfected control or AR (H874Y)

transfected cells (Fig. 6E). Western blotting also showed that expression of AR-regulated

KLK2 was reduced similarly by drug treatment regardless of the over-expressed AR
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(H874Y) in LNCaP cells. Responsiveness of an exogenous AR to either dutasteride or

finasteride was influenced by the host cells into which it was introduced.

DISCUSSION

There are three major conclusions from this study. First, different prostate cancer cell lines

exhibit different sensitivities to dutasteride or finasteride inhibition of AR signaling. LNCaP

and 22Rv1 are the most and least sensitive, respectively, while LAPC4 and VCaP are

intermediate. Second, mutations in the ligand binding domain of AR do not appear to play a

significant role in influencing the AR antagonistic effect of either drug. Disruption of AR

signaling may have biological relevance since it is accompanied by decreased cell growth.

Third, subcellular constituent is a key determinant of AR responsiveness to both drugs. This

statement is supported by the results obtained from over-expressing various AR isoforms in

either drug-sensitive or –resistant cells. Regardless of the AR genotype, if AR was

transfected into drug-sensitive cells, AR was inhibited by drug treatment; and if AR was

transfected into drug-resistant cells, AR was not inhibited.

AR (T877A) or AR (H874Y) were first identified in LNCaP cells [12] or in bone metastasis

[13] and human prostate cancer xenograft CWR22 [11], respectively. The mutations have

been known to alter AR transcriptional function. For example, the AR mutants are activated

by antiandrogen hydroxyflutamide [11], although the mutants remain sensitive to inhibition

by bicalutamide [14]. At least 159 AR mutations have been identified in human prostate

cancer [15]. Some reports have noted that the frequency of AR mutation tends to increase in

advanced/metastatic prostate cancer or after androgen deprivation therapy [16-20].

However, the data were obtained generally from studies involving small sample size.

Nonetheless, it is safe to say that the frequency of AR mutation is relatively low across all

clinical stages. Our finding suggests that the direct inhibitory effect of dutasteride or

finasteride on AR may not be determined by the AR genotype. Therefore, these drugs are

unlikely to be associated with the appearance of AR mutation which may be linked, albeit

weakly, to disease progression.

A question that begs for an answer is whether the diverse response of the different cell lines

extends to treatment with other AR antagonists, such as bicalutamide or MDV3100. To date,

no information is available in which a comprehensive study was designed to examine

systematically the response to several drugs in the same cell line, or the efficacy of a

particular AR antagonist in a panel of cell lines (with the exception of the present study).

There are, however, a handful of publications in which either a single drug was tested

simultaneously in two different cell lines, or two different drugs in the same cell line [4,

21-26]. The evidence is thus not robust enough to draw any conclusion regarding the issue

of whether the lack of sensitivity to AR antagonists falls under the general multidrug

resistance phenomenon. Our poor understanding of this important subject would argue for

further research into factors which may affect the efficacy of antagonists.

When LNCaP AR was over-expressed in 22Rv1 cells, the AR-over-expressing 22Rv1

remained resistant to dutasteride or finasteride. In contrast, when 22Rv1 AR was over-

expressed in LNCaP cells, the AR-over-expressing LNCaP cells remained sensitive to
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dutasteride or finasteride. This cell line-dependent response of exogenous AR to the drugs

was different from observed when AR was over-expressed to study the response to

bicalutamide. When wild type AR was over-expressed in LNCaP or LAPC-4 cells, the

growth of the AR-over-expressing cells became resistant to bicalutamide, and bicalutamide

became an agonist to induce the expression of PSA [27]. Similar resistance to bicalutamide

was observed when LNCaP AR or wild type AR was over-expressed in LNCaP and LAPC-4

cells [28]. Collectively, these results suggest different mechanisms govern the interaction

with and response to dutasteride or finasteride, compared to bicalutamide.

A primary mode of action of dutasteride and finasteride in blocking the AR signal can be

attributed to competitive inhibition of DHT binding to AR. Both drugs are structural analogs

of DHT, although dutasteride has a bulkier side chain substitution at the C17 position than

finasteride [29]. This chemical feature may account for the greater advantage of dutasteride

as a DHT competitor. The IC50 of dutasteride and finasteride is ~1.5 and 3.8 μM,

respectively, when R1881 (a synthetic androgen) is used as the ligand [30]. The stronger

inhibitory effect of dutasteride also may be due to its higher bioavailability. In men, the

circulating half-life of finasteride is 6-8 h, which is considerably shorter than the half-life of

3 days or more for dutasteride [31]. The finding suggests that dutasteride is metabolized

slower systematically than finasteride. The prostate cancer cell lines used in this study also

may have a low capacity for metabolizing dutasteride. In comparison to finasteride, more

dutasteride may be retained intracellularly for a given period of time.

DHT binding to AR is known to be modulated by chaperone proteins, such as Prx1, Hsp90

and Hsp27 [32-34]. In a previous study, we found that lowering the level of Prx1 in prostate

cancer cells by gene knockdown decreased substantially the affinity of DHT-AR interaction

[32]. Cells with a poor source of these chaperone proteins may be more susceptible to

dutasteride or finasteride because DHT can be displaced more easily from the AR. In

addition to AR chaperones, post-translational modification of AR also may affect

responsiveness to finasteride or dutasteride. At least 5 different post-translational

modifications have been described, which include phosphorylation, acetylation, methylation,

sumoylation and ubiquitination [35]. Little is known about the relationship between ligand

binding and AR modifications. Different prostate cancer cell types may have different

capacity and ways to modify AR. These changes could affect responsiveness to finasteride

or dutasteride inhibition of AR activity.

Another factor that might affect sensitivity is the ability of cells to retain DHT. Of the 4 AR

containing cell lines studied, LNCaP is the most sensitive, and that may be due to an

exceptionally high UDP-glucuronosyl transferase level [36, 37]. This phase II detoxification

enzyme attaches a glucuronide group to DHT, which facilitates export of DHT from cells

[38]. A diminished availability of intracellular DHT would tend to enhance the efficacy of

dutasteride or finasteride as an AR antagonist. The role of UDP-glucuronosyl transferase as

a contributing factor in determining sensitivity to dutasteride or finasteride as an AR

antagonist requires further investigation. Future research needs to be directed to

investigating the intracellular factors which could increase the efficacy of dutasteride or

finasteride as a direct AR antagonist. The information could be useful in identifying patients

who may benefit more from treatment with these drugs.
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CONCLUSIONS

The direct inhibitory effect of dutasteride or finasteride on AR signaling is cell line specific.

Mutations in the ligand binding domain of AR do not appear to play a significant role in

influencing the AR antagonistic effect of these drugs. Subcellular constituent is an important

factor in determining the drug effect on AR function.
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Fig. 1.
Effect of dutasteride on DHT-stimulated ARE-luciferase activity in different prostate cancer

cell lines. (A) LNCaP cells. (B) 22Rv1 cells. (C) LAPC4 cells. (D) VCaP cells. The

luciferase activity observed in cells treated with 1 nM DHT was set as 100% (column 4).

*P<0.05 compared to the 1 nM DHT value. The AR Western blot data are shown above

each panel.
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Fig. 2.
Effect of finasteride on DHT-stimulated ARE-luciferase activity in different prostate cancer

cell lines. (A) LNCaP cells. (B) 22Rv1 cells. (C) LAPC4 cells. (D) VCaP cells. The

luciferase activity observed in cells treated with 1 nM DHT was set as 100% (column 4).

*P<0.05 compared to the 1 nM DHT value. The AR Western blot data are shown above

each panel.
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Fig. 3.
Effect of dutasteride or finasteride on the expression of AR-regulated genes, as determined

using real time RT-PCR. Column 1, untreated control, i.e., no DHT. Column 2, 1 nM DHT.

Column 3, 0.5 μM dutasteride. Column 4, 1 nM DHT + 0.5 μM dutasteride. Column 5, 1 μM

finasteride. Column 6, 1 nM DHT + 1 μM finasteride. The data are expressed as fold of

change relative to the untreated control. *P<0.05 compared to the DHT value.
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Fig. 4.
Effect of dutasteride of finasteride on cell growth and cell death. Cells were treated with

1nM DHT, 1 nM DHT + 0.5 μM dutasteride, or 1 nM DHT + 1 μM finasteride. (A) The day

3 viable cell data are expressed as percentages of the untreated control. (B) The day 3 dead

cell data are expressed as percentages of the untreated control. * P<0.05 compared to the

untreated control. **P<0.05 compared to the DHT value.
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Fig. 5.
Effect of dutasteride or finasteride on DHT-stimulated ARE-luciferase activity in DU145

cells transfected with different AR genotypes. (A) wild type AR. (B) H874Y mutant AR.

(C) T877A mutant AR. *P<0.05 compared to DHT value, which was set as 100%. (D)
Summary of the results from parental cells carrying different AR genotypes versus DU145

cells transfected with different AR genotypes.

Chhipa et al. Page 17

Prostate. Author manuscript; available in PMC 2014 April 21.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Fig. 6.
Cell line specificity and AR responsiveness to dutasteride or finasteride. (A) Western

blotting of AR in empty vector-transfected 22Rv1 cells or AR (T877A)-transfected 22Rv1

cells. (B) Effect of dutasteride or finasteride on DHT-stimulated ARE-luciferase activity in

AR (T877A) over-expressing 22Rv1 cells. (C) Western blotting of AR in empty vector-

transfected LNCaP cells or AR (H874Y)-transfected LNCaP cells. (D) Effect of dutasteride

or finasteride on DHT-stimulated ARE-luciferase activity in AR (H874Y) over-expressing

LNCaP cells. * P<0.05 compared to DHT value of empty vector-transfected cells, which

was set as 100%. **P<0.05 compared to DHT value of AR(H874Y)-transfected cells, which

was set as 100%. (E) Western blots of AR and KLK2 in AR (H874Y) over-expressing

LNCaP cells treated with dutasteride or finasteride.
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