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Abstract
The next-generation antiandrogen MDV3100 prolongs overall survival of patients with metastatic
castration-resistant prostate cancer (CRPC). However, patient responses are variable, and survival
benefit remains relatively small. Developing effective modality to improve MDV3100 efficacy is
urgently needed. Recent evidence suggests that constitutively active androgen receptor splice
variants (AR-Vs) drive resistance to MDV3100. In our study, we show that methylselenol prodrug
downregulates the expression and activity of both the full-length AR (AR-FL) and AR-Vs. The
downregulation is independent of androgen and could be attributable to repressed transcription of
the AR gene. Cotreatment with methylselenol prodrug and MDV3100 suppresses AR signaling
more dramatically than either agent alone, and synergistically inhibits the growth of CRPC cells in
vitro. The combinatorial efficacy is observed in not only AR-V-expressing cells but also cells
expressing predominantly AR-FL, likely owing to the ability of the two drugs to block the AR
signaling cascade at distinct steps. Ectopic expression of AR-FL or AR-V7 attenuates the
combinatorial efficacy, indicating that downregulating AR-FL and AR-V7 is importantly involved
in mediating the combinatorial efficacy. Significantly, methylselenol prodrug also downregulates
AR-FL and AR-Vs in vivo and substantially improves the antitumor efficacy of MDV3100. These
findings support a potential combination therapy for improving MDV3100 efficacy, and provide a
rationale for evaluating the clinical application of combining methylselenol prodrug with
MDV3100 for the treatment of CRPC.
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Relapse with castration-resistant prostate cancer (CRPC) after androgen deprivation therapy
constitutes a major cause of prostate cancer mortality.1 There is now compelling evidence
supporting resurgent androgen receptor (AR) signaling as a key driver of castration-resistant
progression.1 This has led to the development of next-generation AR-targeting therapies that
have recently received FDA approval for the treatment of metastatic CRPC, such as the
potent AR antagonist MDV3100.

MDV3100 has fivefold to eightfold higher affinity to AR when compared to bicalutamide,
the antiandrogen currently used in clinics.2 MDV3100 prolonged overall survival of
metastatic CRPC patients who progressed after chemotherapy in a Phase III trial.3 However,
many of the patients presented with therapy-resistant disease, and the vast majority who
initially responded acquired resistance over time.3 The median survival was improved by
only 4.8 months over placebo.3 Thus, developing more effective modality to improve the
therapeutic outcome of MDV3100 is urgently needed.

A large number of androgen receptor splice variants (AR-Vs) that are devoid of the
functional AR ligand-binding domain (LBD) as a result of alternative splicing have been
recently identified.4–8 The majority of the AR-Vs identified to date display constitutive
activity.4–8 Two major AR-Vs, AR-V7 (also named AR3) and ARv567es, are capable of
regulating gene expression in the absence of AR-FL.4–7,9,10 AR-Vs are detected in most
CRPC specimens,6,11 and the levels are significantly upregulated compared to hormone-
naïve cancers.5–81011 In fact, the AR-V proteins are expressed at a level comparable to that
of AR-FL, or even represent the predominant form of AR, in a significant portion of
metastatic CRPC tissues.8,11 Patients with high AR-V7 or detectable ARv567es expression
have significantly shorter cancer-specific survival than other CRPC patients.11

Based on its AR-LBD-targeting nature, intuitively, MDV3100 may not be effective against
AR-Vs. Although a study showed that ectopic expression of AR-V7 in LNCaP xenograft
tumors does not alter the ability of MDV3100 to inhibit the growth of the tumors,12 this
effect might be model specific. It was reported recently that, in CRPC cells expressing
endogenous AR-FL and AR-Vs, AR-Vs drive resistance to MDV3100 by functioning as
independent drivers of the AR transcriptional program.13 Thus, combining MDV3100 with
an AR-V-targeting agent may represent a viable approach to overcome resistance to
MDV3100.

Methylselenol is considered the active metabolite for the anticancer effect of methyl-
selenium compounds.14 Previously, we showed that two methylselenol prodrugs,
methylseleninic acid (MSA) and methylselenocysteine (MSC), are effective in
downregulating AR-FL mRNA and protein.15–17 A marked downregulation of AR-FL
mRNA could be detected as early as 3 hr post-treatment,15 while AR mRNA stability was
not decreased within this duration,18 indicating that repressed transcription of the AR gene
may contribute to the downregulation. As AR-Vs are generated by alternative splicing and
utilize the same promoter as AR-FL, repressed transcription of the AR gene is also expected
to lead to a reduction in AR-Vs. Accordingly, in our study, we tested the hypothesis that
methylselenol prodrug downregulates AR-Vs and improves the therapeutic efficacy of
MDV3100.
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As the metabolism of MSC to methylselenol requires the activity of β-lyase, which is
expressed in the liver and kidney, but not the prostate,14 MSC was used only in the animal
experiments. In contrast, MSA, as an oxidized form of methylselenol, is readily reduced to
methylselenol through a non-enzymatic reaction in cells.19 MSA can inhibit the growth of
prostate cancer cells at in vivo-relevant concentrations (2–10 μM).19–23 Therefore, we used
MSA in our in vitro experiments and compared the efficacy of MSA and MSC in improving
MDV3100 efficacy in our in vivo experiments. It is important to point out that MSA and
MSC have a very different biological and pharmacological activities than selenomethionine,
the form of selenium used in the selenium and vitamin E chemoprevention trial,14,19,24–27

and that MSC has shown no evidence of toxicity in a single-dose Phase I trial.20

Material and Methods
Cell lines and reagents

The sources of the cell lines are described in Supporting Information. MDV3100 was from
Selleck Chemicals (Houston, TX), and the 99% purity confirmed by NMR. MSA and MSC
were from PharmaSe (Lubbock, TX). The following antibodies were used: anti-
glyceraldehyde-3-phosphate dehydrogenase (GAPDH, Millipore, Billerica, MA), anti-AR
(PG-21, Millipore, Billerica, MA) and anti-AR-V7 (Precision Antibody, Columbia, MD).

Quantitative reverse transcription-PCR
The quantitative reverse transcription-polymerase chain reaction (qRT-PCR) analysis was
performed as described.15 The TaqMan® PCR primers and probes for β-actin, prostate-
specific antigen (PSA) and kallikrein 2 (KLK2) were from Applied Biosystems, Grand
Island, NY. The primer sequences for AR isoforms, ubiquitin-conjugating enzyme E2C
(UBE2C) or cyclin A2 (CCNA2) were described in Refs. 5, 28, and 29.

Reporter gene assay
Three reporter plasmids were used. The androgen-responsive element (ARE)-luciferase
reporter plasmid contains three ARE regions ligated in tandem to the luciferase reporter.30

The pGL4-ARpro8 and pGL4-ARpro1.7 AR-promoter-luciferase constructs contain an 8 or
1.7 kb fragment of the 5′-flanking region of the human AR gene, respectively.31 The
backbone vector, pGL4.19[luc2CP/Neo], contains protein degradation sequences after
luciferase to allow monitoring of rapid response. To ensure an even transfection efficiency,
we conducted the transfection in bulk and then split the transfected cells for luciferase
assay.16

22Rv1 tumor xenograft model
Male nude mice were obtained from NCI at 5–6 weeks of age. After 1 week of adaptation,
mice were inoculated subcutaneously with 5 × 106 22Rv1 cells suspended in 50% Matrigel
on the right dorsal flank. When tumor size reached ~100 mm3, mice were randomized to six
groups, viz.r, vehicle control, MDV3100, MSA, MSC, MSA+MDV3100 or MSC
+MDV3100. MDV3100 was prepared as in Ref. 2, and MSA and MSC as in Refs. 32 and
33. Drug administration was performed daily by an oral route.34 The dose was 10 mg/kg/day
for MDV3100 and 3 mg selenium/kg/day for MSA and MSC. Tumor volume was calculated
as 0.524 × width2 × length.35 At the termination of the experiment, mice were anesthetized,
blood collected for serum PSA determination using quantitative ELISA (American Qualex,
San Clemente, CA) and tumors removed for molecular analysis. All animal procedures were
approved by Tulane University Institutional Animal Care and Use Committee.
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Thin-layer chromatography
Solutions of MSA + MDV3100 or MSC + MDV3100 were incubated for 2 hr, and a 0.5-μl
aliquot spotted on a Silica gel 60 F254 plate using glass capillary tubes. The plate was dried
for 30 min, and chromatograms developed in solvent tank pre-equilibrated with running
solvent mixer (methanol:-chloroform:NH4OH, 1:10:0.1, v/v/v) for 15 min. After
development, the plate was dried for 10 min and visualized in an iodine/silicon bottle.

Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry
Solutions of MSA + MDV3100 or MSC + MDV3100 were incubated for 2 hr. A 1-μl
aliquot was then mixed with 1 μl of α-cyano-4-hydroxycinnamic acid matrix and spotted
onto a stainless-steel plate for matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF MS) analysis using Axima mass spectrometer (Shimadzu,
Kyoto, Japan).

Statistical analysis
The Student’s two-tailed t-test was used to determine the mean differences between
treatment and control. Data are presented as mean ± SEM. Drug interaction was
characterized by using the Calcusyn software (Biosoft, Cambridge, UK), which calculates
combination index values using the median-effect principle.36 A combination index value of
<1, 1 or >1 denotes synergism, additivity or antagonism, respectively.

Results
MSA inhibits the transcription of the AR gene

To confirm that MSA downregulation of AR-FL mRNA is due to inhibited transcription of
the AR gene, we performed a nuclear run-on assay in LNCaP cells. To differentiate the
effect of MSA on transcriptional initiation vs. transcriptional elongation, we quantified the
nascent transcripts by qRT-PCR using a primer-probe set corresponding to either the 5′-or
the 3′-end of the AR-FL mRNA. As shown in Supporting Information Figure 1A, the levels
of the nascent AR-FL mRNA at the 5′- and 3′-ends were reduced to a similar extent by
MSA. The data indicate that MSA blocks AR transcriptional initiation, rather than slows
down transcriptional elongation.

We further assessed the effect of MSA on the activity of the AR promoter using two reporter
plasmids, pGL4-ARpro8 and pGL4-ARpro1.7.31 The plasmids were individually transfected
into LNCaP or the castration-resistant 22Rv1 cells. Cells were then treated with MSA for
0.5, 1 or 2 hr, when the AR protein remained unchanged according to our published data.15

In both LNCaP (Supporting Information Fig. 1B) and 22Rv1 cells (Fig. 1a), MSA treatment
significantly reduced the activities of both promoters. Together with the above data, these
results demonstrate the ability of MSA to inhibit the transcription of the AR gene.

MSA downregulates the expression of AR-Vs
As AR-Vs are generated by alternative splicing, the decrease in the transcription of the AR
gene is expected to cause a reduction of not only AR-FL but also AR-Vs. Therefore, we
investigated the effect of MSA on the expression of AR-Vs in 22Rv1 cells, which express
AR-FL along with three ~80-KDa major AR-Vs, namely AR-V7, AR-V1 (also named AR4)
and AR-V4 (also named AR5).4–6,37 Western blot analyses were conducted with an
antibody recognizing all AR isoforms or specific for AR-V7. As the most abundant and
active AR-V in the cells,5 AR-V7 is the only AR-V to which a specific antibody has been
developed. As shown in Figure 1b, MSA downregulated both AR-FL and AR-Vs in a time-
dependent manner, with the change in AR-Vs slightly more significant than that of AR-FL.
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Then, we examined the effect of MSA on the mRNA levels of different AR isoforms by
qRT-PCR. As expected, MSA treatment significantly reduced AR-FL and AR-V transcripts
in a dose-dependent fashion (Fig. 1c). AR-V7 and AR-V1 mRNA appeared to be more
sensitive to MSA downregulation than AR-FL and AR-V4. These results indicate that MSA
can indeed inhibit the expression of different AR-Vs at the transcriptional level.

MSA suppresses androgen-independent AR activity
As most of the AR-Vs identified to date display constitutive activity,4–8 we assessed the
effect of MSA on androgen-independent AR activity by a reporter gene assay and the
expression of an endogenous AR target, PSA, by qRT-PCR. As shown in Figures 1d and 1e,
MSA depressed androgen-independent AR transactivation as a function of time and dose.
We and others previously showed that although MSA suppression of the AR-FL signaling is
attributable primarily to the reduction of AR-FL availability, additional mechanisms also
contribute to the suppression.15,16,18 To determine whether this is also true for AR-V, we
assessed the effect of MSA on the activity of AR-V7 that is exogenously expressed in PC-3
cells under the control of a CMV promoter. A modest, but statistically significant, decrease
in AR-V7 trans-activating activity was evident after MSA treatment, whereas the protein
level remained constant (Fig. 1f). The data implicate that MSA may affect AR-V signaling
through a mechanism(s) beyond reducing the abundance of AR-Vs.

MSA potentiates MDV3100 efficacy in inhibiting AR signaling
As MSA inhibits the activity of AR-Vs, which lack the intended target of MDV3100—the
AR LBD, it is reasonable to believe that MSA may synergize with MDV3100 to repress AR
signaling in cells expressing both AR-FL and AR-Vs. This effect may not be limited to AR-
V-expressing cells, because MSA also inhibits AR-FL and the mechanism is clearly distinct
from that of MDV3100.15,16 To test this hypothesis, we quantified AR trans-activating
activity by a reporter-gene assay and the mRNA levels of AR targets by qRT-PCR in 22Rv1
and the C4-2 castration-resistant derivative of LNCaP, which expresses predominantly AR-
FL. As the ARE-luciferase activity was more sensitive to MDV3100 and MSA regulation
than the endogenous targets, we reduced the doses of the drugs used for this assay. As
shown in Figure 2a, the combination treatment produced a more pronounced inhibition of
basal (upper panel) and dihydrotestosterone (DHT)-induced (lower panel) AR
transactivation. MDV3100 was more effective in suppressing DHT-induced AR activity
than basal AR activity, whereas MSA was equally effective in knocking down basal and
DHT-induced AR transactivation. The effects on the expression of PSA and KLK2, two
shared targets of AR-FL and AR-Vs, followed a similar trend (Fig. 2b and Supporting
Information Fig. 2). However, only MSA, but not MDV3100, was able to decrease the
expression of AR-V-specific targets, UBE2C and CCNA210 (Fig. 2c). This is consistent
with their distinct mechanisms of action on AR signaling. Taken together, the data indicate
that MSA can potentiate the ability of MDV3100 to shut down both ligand-dependent and
ligand-independent AR signaling in CRPC cells.

MSA synergistically enhances the growth-inhibitory efficacy of MDV3100
Given the critical role of AR signaling in sustaining the growth of CRPC cells, we assessed
the combinatorial effect of MSA and MDV3100 on cell growth in vitro by an
sulforhodamine B (SRB) assay.38 As shown in Table 1, in both 22Rv1 and C4-2 cells, MSA
plus MDV3100 led to a more striking inhibition of cell growth than either agent alone.
Furthermore, all the combinations produced combination index values of <1 (Table 2),
suggesting a synergy between MSA and MDV3100 in inhibiting cell growth.

To delineate the functional role of AR downregulation in mediating the synergy between
MSA and MDV3100, we transiently transfected 22Rv1 cells with an AR-FL or AR-V7
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expression construct,5 and assessed the response of the transfected cells to MSA and
MDV3100 growth inhibition. Of note, to ensure an even transfection efficiency, we
performed the transfection in bulk and split the transfected cells for the SRB assay. To allow
the cells to recover overnight before treatment and to avoid the possibility of losing the
transiently transfected plasmids beyond 72 hr post-transfection, we conducted the SRB
assay at 48 hr post-treatment, not at 72 hr as in Table 1. As shown in Figure 3, ectopically
expressed AR-FL or AR-V7 not only weakened the growth-inhibitory ability of MSA but
also significantly dampened the growth-inhibitory efficacy of the combination treatment.
Therefore, the data indicate that the downregulation of AR-FL and AR-V is important to the
combinatorial efficacy of MSA and MDV3100.

MSC, but not MSA, enhances MDV3100 efficacy in vivo
As described in Introduction, the requirement of β-lyase for the conversion of MSC to
methylselenol limits its use in cell culture studies. Here, we assessed the ability of MSC, in
comparison with MSA, to improve MDV3100 efficacy in the 22Rv1 xenograft model. As
shown in Figure 4a, each of the three drugs individually inhibited the growth of 22Rv1
tumors, and statistical significance was achieved starting on Day 8 of the treatment. The
average final tumor weight was 0.6–0.7 g in these groups, ~50% of that in the control group
(Fig. 4b). Surprisingly, the tumor growth curve of the MSA + MDV3100 group was almost
identical to that of the MDV3100 group, whereas the tumors in the MSC + MDV3100 group
were significantly smaller than those in either of the single-agent-treated groups (Fig. 4a).
The average final tumor weight in the MSC + MDV3100 group was 0.3 g, ~50% of that in
the single-agent groups (Fig. 4b). All treatments appeared to be well tolerated, as there was
no significant difference in body weight compared to the control group (Supporting
Information Fig. 3).

Then, we measured the levels of AR-FL and AR-Vs in the tumors by Western blotting and
serum PSA by ELISA. We observed a statistically significant reduction in AR-FL protein
level in response to MDV3100 treatment (Fig. 4c and Supporting Information Fig. 4). This
effect, to our knowledge, has not been reported before. Consistent with the data on tumor
growth (Figs. 4a and 4b), although MSA and MSC individually caused a significant
decrease in the levels of AR-FL, AR-Vs (Fig. 4c and Supporting Information Fig. 4) and
PSA (Fig. 4d), only MSC, when combined with MDV3100, further reduced their levels.
Taken together, these results demonstrate that MSC, but not MSA, can improve the efficacy
of MDV3100 in vivo.

Conjugation between MDV3100 and MSA
In an attempt to interpret why MSA is unable to potentiate MDV3100 efficacy in vivo, we
examined the structures of MSA, MSC and MDV3100 (Supporting Information Fig. 5A),
and found that MSA is much more likely than MSC to conjugate to MDV3100. This is
because seleninic acid is a strong oxidizing agent and known to react with thiols under a
mild condition.39,40 The selenium in MSA has an oxidation state of 4, and the hydroxyl
group is a good leaving group. It is possible that MSA reacts with the thiourea group of
MDV3100 to form the thioseleninate intermediate and further produces selenosulfide
(Supporting Information Fig. 5B). In contrast, the selenium in MSC only displays an
oxidation state of 2 without a good leaving group, and therefore less likely to react with
MDV3100.

To test this possibility, we incubated MDV3100 with MSA or MSC in a test tube and
performed thin-layer chromatography of the mixtures. Iodine-stained chromatogram is
presented in Figure 4e. Evidently, new components shown as a streak above the MDV3100
band were present in the MSA + MDV3100 mixture, but not in the MSC + MDV3100
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mixture (MSA band was invisible because iodine cannot stain MSA). We also analyzed the
mixtures by MALDI-TOF MS. In addition to the MDV3100 peak at mass-to-charge ratio
(m/z) of 465, two distinct peaks, at m/z 559 and 608, were present in the MSA + MDV3100
mixture (Fig. 4f). The m/z 559 peak, likely the selenosulfide product predicted above
(Supporting Information Fig. 5B), was also detected in the MSC + MDV3100 mixture, but
at a much lower intensity (Fig. 4f). Therefore, the data are consistent with the thin-layer
chromatogram, supporting our predication that MSA is much more likely to conjugate to
MDV3100 than MSC. Although further investigation is necessary to characterize the
conjugates, it is possible that the conjugation may reduce the ability of MDV3100 or MSA
to suppress AR signaling. The conjugation may be an issue particular to the treatment
protocol used in our in vivo experiment, because the drugs were mixed together in high
concentrations (mM range) before administered to mice.

Discussion
Our study demonstrates a clear example of a rationally designed and potentially effective
combination modality for improving MDV3100 efficacy against CRPC. We reported
previously that MSA inhibits the expression and activity of AR-FL. Here, we showed that
the inhibitory effect, which is independent of androgen, extends to AR-Vs, and could be
attributable to MSA suppression of the transcription of the AR gene. Combined treatment of
cultured CRPC cells with MSA and MDV3100 more significantly suppressed AR signaling
and synergistically inhibited cell growth. The combinatorial efficacy was observed in not
only AR-V-expressing cells but also cells expressing predominantly AR-FL, likely owing to
the ability of the two drugs to block the AR signaling cascade at distinct steps. Ectopic
expression of AR-FL or AR-V7 attenuated the combinatorial efficacy, indicating that
downregulating AR-FL and AR-V7 is importantly involved in mediating the combinatorial
efficacy.

Surprisingly, although MSA was able to downregulate AR-FL and AR-Vs in vivo and
inhibited the growth of 22Rv1 tumors, it failed to enhance the antitumor effect when
combined with MDV3100. In contrast, MSC, another methylselenol prodrug, significantly
improved the antitumor efficacy of MDV3100. The lack of in vivo combinatorial efficacy
between MSA and MDV3100 may be a result of conjugation between MSA with
MDV3100, and the conjugation may be an issue particular to the treatment protocol used in
our in vivo experiment because the drugs were mixed together at very high concentrations
before administered to mice. To solve this problem, we will explore the possibility of
sequential treatment with MSA and MDV3100 rather than using a cocktail. Nonetheless, the
findings from this study support the potential of using methylselenol prodrug to improve
MDV3100 efficacy.

In our study, we observed that MDV3100 decreases the level of AR-FL protein in the
presence of androgen, an effect that, to our knowledge, has not been reported before. Similar
effect was observed after bicalutamide treatment. In retrospect, this should have been
expected of all antiandrogens on the basis of AR antagonism. Androgens are known to
stabilize AR-FL protein by inducing AR N-C interaction.41 By blocking the binding of
androgens to AR, antiandrogens would be expected to prevent androgen induction of AR N-
C interaction and protein stabilization. We have found that both MDV3100 and bicalutamide
can disrupt DHT-mediated AR N-C interaction, and MDV3100 is much more potent than
bicalutamide in disrupting the interaction (data not shown). Thus, the decrease of AR-FL
protein in response to MDV3100 and bicalutamide is likely owing to their AR antagonistic
activity.
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The prevalent upregulation of AR-Vs in CRPC tissues compared to hormone-naïve cancers
has been unequivocally demonstrated by a number of groups.5–8,10,11 However, the clinical
relevance of AR-Vs remains controversial. The skepticism comes mainly from the
perception that AR-Vs represent a nominal percentage of the AR population in clinical
specimens. Although this may be true at the mRNA level,11,12 significant discrepancy may
exist between the abundance of AR-V mRNAs and proteins. Western blot analyses of 13
CRPC bone metastases demonstrated that the AR-V proteins are expressed at a level
comparable to that of AR-FL in 38% of the samples.11 The relative high abundance of AR-
V proteins was also shown by immunohistochemistry data. Using an AR-V7-specific
antibody, three groups showed that AR-V7 is readily detectable in prostate cancer
specimens.5,10,42 Another study of 50 primary prostate cancer tissues and 162 metastatic
CRPC tissues with antibodies against either the N- or C-terminus of AR-FL demonstrated a
significant decrease in nuclear C-terminal staining compared to the N-terminal intensity in
CRPC tissues, with no apparent difference in primary prostate cancers.8 Thus, the clinical
relevance of AR-Vs should not be dismissed simply because of their relative low mRNA
abundance. Most importantly, AR-V7 or ARv567es expression level has been shown to be
associated with adverse clinical outcomes.5,6,11

Treatment of VCaP cells or a castration-resistant subline of LNCaP with MDV3100 has
been shown to increase the expression of AR-Vs.8,10 Although their lack of functional AR-
LBD predicts resistance to MDV3100 inhibition, whether MDV3100 is indeed ineffective
against AR-Vs has been controversial. Ectopic expression of AR-V7 in LNCaP xenograft
tumors has been shown to produce minimal effect on the ability of MDV3100 to inhibit
tumor growth.12 This has led the authors to conclude that the growth-promoting effects of
AR-Vs are mediated through heterodimerization with AR-FL.12 However, studies by a
number of other laboratories have shown that AR-Vs are capable of regulating gene
expression in the absence of AR-FL.4–7,9,10 Additionally, in CRPC cells that express
endogenous AR-FL and AR-Vs, AR-Vs have been reported to drive resistance to
MDV3100.13 Our study demonstrates that methylselenol prodrug, which effectively
downregulates AR-Vs, can significantly potentiate MDV3100 efficacy, and more
importantly, overexpression of AR-V can attenuate the potentiating effect. Therefore, our
finding further substantiates the contribution of AR-Vs to MDV3100 resistance and provides
a foundation for the development of a more effective combinatorial modality for CRPC.
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AR-FL full-length androgen receptor
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ARE androgen-responsive element

CRPC castration-resistant prostate cancer

DHT dihydrotestosterone

GAPDH glyceraldehyde-3-phosphate dehydrogenase

LBD ligand-binding domain

MSA methylseleninic acid

MSC methylselenocysteine

PSA prostate-specific antigen

qRT-PCR quantitative reverse transcription-PCR

SRB sulforhodamine B
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What’s new?

The next-generation anti-androgen MDV3100 prolongs overall survival of patients with
metastatic castration-resistant prostate cancer (CRPC). However, patient responses are
variable and survival benefit remains small, making the improvement of MDV3100
efficacy urgently needed. This study provides the first example of a rationally-designed,
potentially effective combination modality for improving MDV3100 efficacy against
CRPC. Methylselenol prodrug potentiates MDV3100 efficacy, an effect that is associated
with the ability of methylselenol prodrug to downregulate androgen receptor and its
constitutively-active splice variants. The findings provide a rationale for evaluating the
clinical application of combining methylselenol prodrug with MDV3100 for the
treatment of castration-resistant prostate cancer.
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Figure 1.
MSA downregulates AR-FL and AR-Vs and androgen-independent AR activity. Cells were
cultured in androgen-deprived condition. (a) Inhibition of AR promoter activity. 22Rv1 cells
transfected with AR-promoter-luciferase construct were treated with 10 μM MSA. (b)
Down-regulation of AR-FL and AR-V proteins. 22Rv1 cells were treated with 10 μM MSA.
The numbers in the tables denote relative normalized intensities compared to the control
value of 100. (c) Downregulation of AR-FL and AR-V mRNAs. 22Rv1 cells were treated
with MSA for 6 hr. (d) Suppression of androgen-independent AR activity. 22Rv1 cells
transfected with the ARE-luciferase construct were treated with 10 μM MSA. (e)
Downregulation of PSA mRNA. 22Rv1 cells were treated with MSA for 6 hr. (f) Repression
of AR-V7 transactivation. PC-3 cells cotransfected with AR-V7-expressing and ARE-
luciferase constructs were treated with 10 μM MSA. Inset, Western blot confirmation of
AR-V7 level. *p < 0.05 from control.
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Figure 2.
Combinatorial effect of MSA and MDV3100 on AR transactivation in 22Rv1 cells. (a) Cells
transfected with ARE-luciferase construct were treated for 3 hr with 2 μM MSA and/or 5
μM MDV3100 in the absence of DHT, or with 2 μM MSA and/or 1 μM MDV3100 in the
presence of 1 nM DHT. (b and c) Cells were treated for 6 hr with 10 μM MDV3100 and/or
4 μM MSA in the absence or presence of 1 nM DHT. *p < 0.05 from vehicle control or
DHT control. **p < 0.05 from the MDV3100 group.
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Figure 3.
Attenuation of MSA and MDV3100 growth inhibition by ectopic expression of AR-FL or
AR-V7. 22Rv1 cells were transfected with the expression construct of AR-FL or AR-V7 and
treated with 4 μM MSA and/or 10 μM MDV3100 in the absence (a) or presence (b) of 1 nM
DHT. *p < 0.05 from mock-transfectant. **p < 0.05 from single-agent groups. Δp < 0.05
from respective mock-transfectant in each treatment group. (c) Western blotting
confirmation of transfection.
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Figure 4.
In vivo efficacy of MDV3100 and MSA/MSC in 22Rv1 xenograft model. (a) Mean tumor
volumes (n = 6). (b) Mean tumor weights. (c) Mean AR-FL and AR-Vs protein levels. (d)
Mean serum PSA levels. (e and f) Thin-layer chromatogram (e) or MALDI-TOF mass
spectrum (f) of MSA and MDV3100 or MSC and MDV3100 mixtures. *p < 0.05 from
control. **p < 0.05 from single-agent groups.
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