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The activity of androgens is tissue specific and mediated
through the AR.3 The disruption of androgens and AR activity
alters the regulation of androgen-sensitive tissues, such as
the prostate gland (1). In the prostate, androgens have a
central role in normal glandular development and function (2).
However, androgens are also necessary for the development
of prostate cancer. The role of androgens in prostate cancer
development is emphasized by the observation that eunuchs
and men that have a mutation in 5␣-reductase type II, an
enzyme that converts testosterone to the more potent dihydrotestosterone, do not develop prostate cancer (3). The
incidence of prostate cancer has continued to rise for the last
two decades, currently affecting over 200,000 men in the
United States each year (4). Agents that permit the necessary
actions of androgen for normal tissue function while reducing
the role of androgens in the pathogenesis of androgensensitive tissues may serve as a useful means of reducing
prostate cancer development. Recently, several agents have
been reported to prevent prostate cancer development, such
as selenium, lycopene, and vitamin E (5). Due to the biochemical nature of these agents, they are believed to act
primarily through antioxidant-related pathways. However,
the scope of their biological activity has not been extensively
investigated.
Vitamin E is a family of naturally occurring dietary factors,
which were originally identified as necessary for reproduction
(6). ␣-Tocopherol, the most potent form of vitamin E, has two
main components, a 16-carbon phytyl chain and a chromanol moiety with four methyl group substitutions (7). Biologically, ␣-tocopherol is thought to act primarily as an antioxidant, reducing oxidative damage to lipids. The chromanol
moiety of ␣-tocopherol is responsible for its antioxidant activity, whereas the phytyl chain increases the lipophilicity of
␣-tocopherol and contributes to its tissue and subcellular
distribution (8). Cell culture studies using ␣-tocopherol are
difficult to perform due to its limited water solubility. However, the antioxidant chromanol moiety of ␣-tocopherol,
PMCol, which does not possess a phytyl chain, is sufficiently
water soluble to permit studies in cell culture.
Most human prostate carcinoma cell lines are androgen
independent. The LNCaP human prostate carcinoma cell line
is one of the few cell lines to show demonstrable responses
to androgen exposure (9). Interestingly, LNCaP cells produce
a biphasic growth response to androgen exposure, with
growth stimulation occurring at lower doses and growth
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Fig. 1. Structure of vitamin E (i.e., ␣-tocopherol) and related compounds.
A, ␣-tocopherol. B, PMCol. C, PMC.

inhibition occurring in the absence of androgen or in the
presence of high androgen levels (9, 10). In addition, a number of androgen-sensitive responses are induced in LNCaP
cells. For example, LNCaP cells produce a dose-dependent
increase in PSA expression on androgen exposure (11, 12).
Also, androgen-sensitive promoters, such as the MMTV promoter, are activated by androgen in LNCaP cells (13). The
exquisite sensitivity of LNCaP cells to androgenic stimulation
may be due to a mutation in the ligand-binding domain of the
AR (14). To date, the LNCaP prostate cell line has been the
most extensively characterized prostate cell line for examining the effects of androgens. More recently, the LAPC4 cell
line has been introduced as another androgen-sensitive human prostate carcinoma cell line that expresses a normal AR
(15). However, the response of LAPC4 cells to androgens is
not as pronounced as that observed in LNCaP cells. Collectively, the LNCaP and LAPC4 human prostate carcinoma cell
lines provide valuable models for investigating androgenregulated cellular pathways.
Studies on the actions of vitamin E and vitamin E analogues on prostate carcinoma cells have only recently begun.
Previous studies have focused primarily on the inhibition of
prostate cell growth by vitamin E treatment, which may occur
through effects on cell cycle regulators (16 –18). Apoptotic
responses induced by vitamin E treatment have also been
observed in LNCaP cells (19, 20). Interestingly, vitamin E-induced apoptotic responses were enhanced by coadministration of androgen (19). Zhang et al. (21) reported that vitamin E succinate reduces the levels of the AR in LNCaP cells,
with resultant inhibition of androgen-mediated responses.
However, the direct actions of vitamin E and related compounds on AR activity in prostate cells have not been extensively examined. In the current study, the AR antagonist
activity and modulation of androgen-sensitive pathways by
the vitamin E derivative PMCol were investigated in human
prostate carcinoma cells.

Materials and Methods
Chemicals. PMCol and PMC were obtained from Aldrich
(Milwaukee, WI). The chemical structures of ␣-tocopherol,
PMCol, and PMC are shown in Fig. 1. Bicalutamide (Casodex) was kindly provided by AstraZeneca Pharmaceuticals

(Wilmington, DE). R1881 (methyltrienolone) and 3H-R1881
(87 Ci/mmol) were obtained from Perkin-Elmer/New England
Nuclear Life Science Products (Boston, MA). All other chemicals used in these studies were acquired from Sigma Chemical Co. (St. Louis, MO).
Cell Culture. LNCaP cells were acquired from American
Type Culture Collection (Manassas, VA), and LAPC4 cells
were kindly provided by Dr. Robert Reiter (University of California-Los Angeles) and maintained in DMEM containing 5%
heat-inactivated FCS (Sigma) with streptomycin-penicillin
antibiotics (designated DMEM/fetal bovine serum) in a 5%
CO2 incubator at 37°C. For experiments evaluating androgenic responses, cells were cultured in phenol red-free
DMEM (Invitrogen, Carlsbad, CA) containing 4% charcoalstripped FCS and 1% unstripped FCS (designated DMEM/
CSS).
AR Binding Competition Assay. An AR binding competition assay was performed as described previously (22).
LNCaP or LAPC4 prostate carcinoma cells were plated in
12-well tissue culture dishes (Costar, Corning, NY) at 3.0 ⫻
105 cells/well in phenol-red free DMEM/CSS 3 days before
analysis. For competitor analysis, DMEM/CSS was removed
by aspiration and replaced with 1 ml of phenol-red free
DMEM containing 1 nM 3H-R1881, 1 M triamcinolone acetonide, and competitor at the specified concentrations for 2 h
at 37°C in a 5% CO2 incubator. After incubation, competitor
solution was aspirated, and cells were removed from the
plate by trypsinization and placed in 12 ⫻ 75-mm polystyrene tubes. Cells were washed twice with 1 ml of phenol
red-free DMEM and placed in 8.0 ml of ScintiVerse II Scintillation Cocktail (Fisher Scientific, Pittsburgh, PA) for determination of radioactivity (i.e., dpm) using a Beckman LS
6000TA Liquid Scintillation System (Beckman Instruments
Inc., Fullerton, CA).
Cell Growth and Viability Analyses. Five thousand
LNCaP or LAPC4 cells were plated in each well of 96-well
plates (Costar) in 100 l of DMEM/CSS. Two to 3 days after
plating, cells were treated by adding 100 l of DMEM/CSS
containing 2⫻ the concentration of the specified treatment to
each well. Four days after treatment, the relative cell number
was estimated by determining the DNA concentration of
each well using a Hoechst-based fluorescence DNA assay,
as described previously (23). Growth analysis with DU145
cells was performed in a manner similar to that described for
LNCaP and LAPC4 cells, except that DU145 cells were initially seeded at 500 cells/well. Cell viability was determined
by trypan blue exclusion and quantified by light microscopic
analysis using a hemacytometer.
Determination of Secreted PSA Levels. LNCaP cells
were cultured in 96-well plates (Costar) at 5000 cells/well in
DMEM/CSS 1 day before treatment. Forty-eight h after treatment, PSA levels in cell culture media were determined using
the Tandem-MP PSA kit (Beckman Coulter, Inc.) according
to the manufacturer’s instructions. PSA levels were normalized to DNA levels as determined using a Hoechst-based
fluorescence DNA assay (23).
Androgen-stimulated Promoter Reporter Assay Analysis. LNCaP and LAPC4 prostate carcinoma cell lines were
cultured in 12-well cell culture plates (Costar) in DMEM/CSS
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2–3 days before transfection. Androgen-induced trancriptional activation was determined using a reporter construct
with a MMTV promoter that regulates the expression of
luciferase (24). LNCaP and LAPC4 cells were transfected
with the MMTV/luciferase plasmid using the Effectene Transfection Reagent (Qiagen Inc., Valencia, CA), according to the
manufacturer’s instructions. Twenty-four h after transfection,
cells were treated with R1881 with or without test reagents at
the specified concentrations. Cell extracts were acquired
24 – 48 h after treatment by removing medium, washing 1⫻
with PBS, and obtaining extract with 200 l of 1⫻ Reporter
Lysis Buffer (Promega, Madison, WI). Luciferase activity was
determined as described previously (24).
Immunoblot Analysis of AR Protein Levels. LNCaP cells
were plated at a density of 1 ⫻ 106 cells/100-mm cell culture
plate in 10 ml of DMEM/fetal bovine serum and maintained in
incubators at 37°C in 5% CO2. After 5 days of treatment with
vehicle, 30 M PMC, 30 M PMCol, or 1.0 M bicalutamide,
cells were washed in cold 1⫻ PBS and lysed in a buffer
containing 1.0% NP40, 0.5% sodium deoxycholate, 0.1%
SDS, 0.1 mg/ml phenylmethylsulfonyl fluoride, 1 mM sodium
orthovanadate, and 10 g/ml aprotinin in 1⫻ PBS. Total
protein (10 g) from cell extracts was electrophoresed on
7.5% SDS-polyacrylamide gels and transferred to Immobilon-P membranes (Millipore Corp., Bedford, MA) using a
GENIE wet transfer system (Idea Scientific, Minneapolis,
MN). Membranes were blocked in Tris-buffered saline containing 5% nonfat dry milk and then incubated with mouse
anti-AR monoclonal antibody (441; Santa Cruz Biotechnology, Santa Cruz, CA) and mouse antiactin antibody (A5441;
Sigma). Membranes were then incubated with a secondary
horseradish peroxidase-conjugated antimouse antibody
(Amersham Pharmacia Biotech, Piscataway, NJ) and analyzed using Enhanced Chemiluminescence Plus reagent
(Amersham Pharmacia Biotech). Autoradiograms were prepared by exposing the blots to BioMax Light X-ray film (Eastman Kodak Co., Rochester, NY) and developed using a
CURIX 60 CP Processor (Agfa, Ridgefield Park, NJ).
Statistical Analysis. Significant differences in values between groups were assessed using a two-sided Student’s t
test. Ps less than 0.05 were used to signify statistical significance.

Results
PMCol Inhibits Androgen Binding in Prostate Cancer
Cells. AR competition was determined using 3H-R1881 in
the androgen-sensitive LNCaP cell line, which expresses a
functional mutant AR (25), and the LAPC4 cell line, which
express a normal human AR (15). Increasing concentrations
of the AR antagonist bicalutamide were found to progressively inhibit R1881 binding (Fig. 2A), with an estimated IC50
of 0.7 M in LNCaP cells. PMCol was found to be approximately 10-fold less potent at competing for 3H-R1881 than
bicalutamide in LNCaP cells, with an estimated IC50 of 7.2 M
(Fig. 2A). Repeated studies of PMCol competition for 3HR1881 binding gave IC50 values ranging from 5 to 15 M
(data not shown). In contrast, PMC, in which the 6-hydroxyl
of PMCol is absent, had less antiandrogenic activity than
PMCol (Fig. 2A) and significantly reduced cell viability at a

Fig. 2. PMCol competition analysis of R1881 binding in human prostate
carcinoma cells. A, dose response for the competition of PMCol, PMC,
and bicalutamide for AR binding to 3H-R1881 was determined in LNCaP
cells. B, competition for 3H-R1881 binding in LAPC4 cells was determined
for 30 M PMCol and 1 M bicalutamide. ⴱ, P ⬍ 0.05; n ⫽ 4.

concentration of 100 M within 2 h of treatment (data not
shown). Based on the R1881 competition results in LNCaP
cells (Fig. 2A), a dose of 30 M PMC and PMCol was used in
most of these studies, allowing an effective comparison of
the antiandrogenic activity between PMC and PMCol. In
LAPC4 cells, treatment with 30 M PMCol produced a 75%
decrease in 3H-R1881 binding, and treatment with 1 M
bicalutamide produced a 62% decrease in 3H-R1881 binding
(Fig. 2B).
Modulation of Prostate Carcinoma Cell Growth and
Viability by PMCol. Changes in growth of the androgenindependent DU145 prostate carcinoma cell line and the
androgen-sensitive LNCaP and LAPC4 prostate cell lines
were assessed at concentrations of PMCol ranging from 10
to 100 M (Fig. 3A). Concentrations of 50, 60, and 80 M
PMCol were required to significantly reduce cell growth in
LNCaP, LAPC4, and DU145 cells, respectively (Fig. 3A).
LNCaP cells produce a biphasic growth response to androgen exposure (9). Modulation of LNCaP cell growth by PMCol treatment was examined over 4 days. PMCol had no
growth-modulatory activity in vehicle control-treated LNCaP
cells grown in androgen-deficient media (i.e., PMCol did not
have AR agonist activity) at concentrations ranging from 10
to 30 M PMCol (Fig. 3B). However, LNCaP cell growth was
decreased at concentrations equal to or higher than 40 M
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Fig. 3. Growth modulation of human prostate carcinoma cells by PMCol.
A, dose response of DU145, LAPC4, and LNCaP cells grown in medium
containing 5% serum measured 4 days after PMCol treatment. Treatment
with 50 M PMCol significantly reduced LNCaP prostate cell growth,
whereas a concentration of 80 M PMCol was required to significantly
decrease growth in the androgen-independent DU145 prostate cell line (ⴱ,
P ⬍ 0.05). B, the PMCol dose response of LNCaP cell growth was
determined in cells exposed to androgen-deficient conditions (i.e., using
medium containing reduced androgen levels) with or without the addition
of a growth-stimulatory dose of 0.05 nM R1881 or a growth-inhibitory dose
of 1.0 nM R1881. ⴱ, significantly different than 0 M PMCol-treated cells,
P ⬍ 0.05; n ⫽ 6.

PMCol (Fig. 3B), and PMCol concentrations of ⱖ100 M
produced significant cell death at 48 and 96 h (Table 1).
Stimulation of LNCaP growth by exposure to 0.1 nM R1881
was significantly inhibited by treatment with concentrations
of ⱖ10 M PMCol (Fig. 3B). However, a significant stimulation in LNCaP cell growth was observed in the presence of a
normally growth-inhibitory concentration of 1.0 nM R1881
with treatment of 10 –30 M PMCol (Fig. 3B). The R1881stimulated growth curve of LNCaP cells was shifted to the
right in the presence of 30 M PMCol, similar to that produced by treatment with 1 M bicalutamide (Fig. 4). A more
modest, but significant, shift to the right in the androgeninduced LNCaP growth curve was observed by treatment
with 30 M PMC (Fig. 4).
Inhibition of PSA Secretion by PMCol in LNCaP Cells.
PSA secretion by LNCaP cells is stimulated by androgen
exposure in a dose-dependent manner (12). The R1881stimulated production of PSA from LNCaP cells was measured after PMCol treatment for 48 h. PSA release from

LNCaP cells was not affected by treatment with 30 M
PMCol alone (Fig. 5). However, PSA levels were increased
3.1-fold after exposure to a growth-stimulatory dose of 0.05
nM R1881, which was completely inhibited by treatment with
30 M PMCol (Fig. 5). Exposure of LNCaP cells to 1.0 nM
R1881 produced a 12-fold increase in PSA levels by 48 h,
which was decreased 20%, 81%, and 43% by treatment
with 30 M PMC, 30 M PMCol, or 1 M bicalutamide,
respectively (Fig. 5).
Inhibition of Androgen-stimulated Transcriptional Activation by PMCol. Studies on androgen-regulated transcriptional activation were performed in LNCaP and LAPC4
cells transiently transfected with a reporter vector that uses
the androgen-sensitive MMTV long terminal repeat to drive
expression of a luciferase reporter gene. In LNCaP cells,
PMCol treatment alone had no effect on MMTV promoter
activity, whereas luciferase expression was increased 54fold after exposure to 1.0 nM R1881 for 24 h (Fig. 6A). Luciferase expression induced by exposure to 1.0 nM R1881 in
LNCaP cells for 24 h was decreased 50% and 70% by
treatment with 25 and 50 M PMCol, respectively (Fig. 6A).
Similarly, LAPC4 cells exposed to 1.0 nM R1881 produced a
20-fold increase in MMTV long terminal repeat-driven luciferase expression that was decreased 60% by treatment with
30 M PMCol after 24 h (Fig. 6B). In both LNCaP and LAPC4
cells, treatment with 1 M bicalutamide decreased 1.0 nM
R1881-stimulated luciferase expression approximately 50%
(Fig. 6, A and B).
AR Protein Levels in PMCol-exposed LNCaP Cells.
Previous studies in LNCaP cells have reported that AR levels
are decreased after treatment with vitamin E analogues,
which may account for the reduced sensitivity of these cells
to androgen exposure (21). However, in the current study,
treatment with 30 M PMC, 30 M PMCol, or 1 M bicalutamide for 5 days did not result in altered AR protein levels in
LNCaP cells (Fig. 7).

Discussion
In the current study, we examine the effects of an agent
traditionally considered as an antioxidant on prostate carcinoma cells. Epidemiological studies provide intriguing evidence that antioxidant dietary factors such as ␤-lycopene
and vitamin E may help prevent prostate cancer development (5). Although these agents have been classified as
antioxidants, the mechanism by which they may contribute
to prostate cancer prevention has not been firmly established. Androgens are known to have an essential role in
prostate cancer development (3). Modulation of androgen
activity may provide a means of prostate cancer prevention
(26). Here, we report the antioxidant moiety of vitamin E,
PMCol, to be a potent antiandrogen in androgen-sensitive
human prostate carcinoma cells.
The LNCaP human prostate carcinoma cell line is one of
the few prostate cell lines that show demonstrable physiological changes resulting from androgen exposure, such as
growth modulation (9). Therefore, the LNCaP cell line has
proven valuable in identifying agents that alter androgenstimulated cell growth. In the current study, PMCol shifted
the androgen-mediated growth curve in LNCaP cells such
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Table 1

Time- and dose-dependent changes in LNCaP cell viability after PMCol treatment
% Cell viabilitya (SD)
PMCol (M)

Time (h)
0
48
96
a
b

92.3 (4.7)
88.0 (2.5)

25
90.0 (2.8)
87.0 (4.8)

50

75

88.0 (3.4)
85.0 (4.6)

80.0 (12.5)
87.0 (4.0)

100

250
b

71.0 (8.7)
21.0 (3.3)b

11.0 (8.6)b
2.0 (1.8)b

Determined by trypan blue exclusion analysis and quantified using a hemacytometer.
Significantly different compared to 0 M PMCol (P ⬍0.05; n ⫽ 4).

Fig. 4. Shifts in the R1881-stimulated biphasic LNCaP growth response
were determined after treatment with 30 M PMCol, 30 M PMC, or 1 M
bicalutamide for 4 days. The inhibition of growth response is readily
apparent at 0.3 nM R1881 exposure, where LNCaP growth from PMCol,
PMC, and bicalutamide treatment was equivalent to the growth response
in control cells produced by exposure to only 0.03 nM R1881.

Fig. 6. Androgen-induced MMTV promoter activity in LNCaP (A) and
LAPC4 (B) cells after PMCol treatment. A, the effects of 25 M PMCol, 50
M PMCol, and 1 M bicalutamide treatment for 24 h on MMTV promoter
activity induced by R1881 were assessed in LNCaP cells. B, LAPC4 cells
exposed to 30 M PMCol effectively inhibited androgen-induced MMTV
promoter activity. ⴱ, P ⬍ 0.05; n ⫽ 4.
Fig. 5. Analysis of PMCol effects on androgen-induced PSA secretion
from LNCaP cells. PSA secretion was determined 48 h after exposure to
a growth-stimulatory dose of 0.05 nM R1881 or a growth-inhibitory dose
of 1.0 nM R1881 in the presence of 30 M PMC, 30 M PMCol, or 1 M
bicalutamide. ⴱ, P ⬍ 0.05 compared with 0.05 nM R1881-treated cells; ⴱⴱ,
P ⬍ 0.05 compared with 1.0 nM R1881-treated cells; n ⫽ 3.

that higher androgen concentrations were necessary to produce the biphasic growth response typically observed in
LNCaP cells. The LNCaP growth shift with PMCol treatment
was sufficient to produce growth stimulation in the presence
of 1.0 nM R1881, a concentration of R1881 that typically
inhibits LNCaP proliferation (10). The shift in LNCaP growth

pattern observed with PMCol treatment was similar to that
observed in LNCaP cells after treatment with the pure antiandrogen bicalutamide. Also, the IC50 of PMCol observed in
an androgen competition analysis for R1881 binding in
LNCaP cells is in agreement with the dose-response
shift in androgen-mediated growth of LNCaP cells after
PMCol treatment. Together, these results suggest that the
shift observed in the androgen-modulated growth of LNCaP
cells was due to the antiandrogenic activity of PMCol.
Although LNCaP cells have proven to be useful in evaluating androgen-responsive pathways, the use of LNCaP cells
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Fig. 7. Immunoblot analysis of AR protein levels. AR protein levels were
not significantly altered in LNCaP cells exposed to 30 M PMC, 30 M
PMCol, or 1 M bicalutamide for 5 days compared with AR levels in vehicle
control-exposed cells. LNCaP cells were grown in medium containing 5%
serum to provide endogenous serum androgens, thus allowing antiandrogenic modulation of AR protein levels. The large arrow points to AR protein
bands, and the small arrow points to ␤-actin protein bands.

to assess antiandrogenic activity can be inaccurate because
LNCaP cells harbor a mutant AR (25). The AR in LNCaP cells,
although functional, has been reported to have altered ligand
binding affinity (14) and is stimulated by some agents that are
antagonists for the wild-type AR (22). Therefore, in this study,
competition for AR binding by PMCol was also assessed in
the LAPC4 human prostate carcinoma cell line, which expresses a wild-type AR (15). PMCol competition for R1881
binding was found to be similar for LNCaP and LAPC4 cells.
In addition, the pure antiandrogen bicalutamide was found to
have equivalent AR competition activity in LNCaP and
LAPC4 cells. Therefore, the pure antiandrogen bicalutamide
and PMCol were found to possess comparable AR antagonist activity in LNCaP cells, which express a functional mutant AR, and LAPC4 cells, which express a normal AR.
The AR functions primarily as a transcription factor that is
activated by androgen binding (1). In these studies, the androgen-responsive MMTV promoter was used to assess
modulation of androgen-stimulated transcriptional activity.
Upon androgen exposure (i.e., R1881), MMTV promoter activity was stimulated in both LNCaP and LAPC4 cells. Also,
in both cell lines, R1881 stimulation of MMTV activity was
significantly inhibited by PMCol treatment. PMCol treatment
alone did not stimulate MMTV promoter activity (i.e., PMCol
was not found to have AR agonist or partial agonist activity).
The effects of androgen exposure on transcriptional activation were further observed by the inhibition of androgenstimulated PSA release after treatment with PMCol in LNCaP
cells. Previously, vitamin E succinate was reported to inhibit
the effects of androgen on LNCaP cells through down-regulation of AR levels (21). Other agents, such as curcumin,
have been shown to decrease AR expression in LNCaP cells
(27). In the current study, treatment of LNCaP cells with 30
M PMCol for 5 days did not affect AR protein levels. Therefore, PMCol was found to be a potent inhibitor of transcriptional activation of androgen-responsive promoters, likely
through directly blocking of AR activation by androgen.
Understanding how structure-activity relationships of the
chromanol ring of PMCol contribute to antiandrogenic activity may prove useful in developing potent chromanol ring-

based nonsteroidal antiandrogenic agents. In the current
study, PMC, which lacks the phenolic hydroxyl group present on PMCol, was less potent than PMCol at inhibiting
androgenic responses. Therefore, the phenolic hydroxyl
group of the chromanol ring contributes significantly to the
antiandrogenic activity of PMCol. Other forms of vitamin E,
such as ␤-, ␥-, and ␦-tocopherol differ from ␣-tocopherol by
the number and location of methyl group substitutions on the
chromanol ring (7). We can only speculate that the antioxidant moieties of other forms of vitamin E also possess antiandrogenic activity with potencies that vary depending on
the specific methyl group substitutions present on the chromanol ring.
A variety of dietary agents have been identified that have
antiandrogenic activity in prostate carcinoma cells. However,
the mechanism of antiandrogenic activity observed by dietary antiandrogens may vary. For example, curcumin, a component of turmeric, was reported to down-regulate AR protein levels in LNCaP cells, which effectively attenuates
androgenic responses (27). In contrast, indole-3-carbinol, a
component of cruciferous vegetables, when converted to
diindolylmethane was reported to act as a potent inhibitor of
androgen binding in LNCaP cells but does not affect AR
protein levels (28). Zhang et al. (21) have reported that vitamin E succinate is inhibitory to androgenic responses in
LNCaP cells through down-regulation of AR protein levels,
similar to the action of curcumin. By contrast, in the current
study, we found that the antioxidant moiety of vitamin E,
PMCol, effectively blocks androgen binding to the AR without affecting AR protein levels, similar to the effects observed with indole-3-carbinol derivatives (28). Therefore, dietary antiandrogens may serve as an effective means of
modulating androgenic pathways through a variety of mechanisms affecting AR activity.
It is unclear how accurately the biological activity of ␣tocopherol is modeled by the PMCol antioxidant moiety
alone. PMCol has largely been investigated for its antioxidant
activity associated with being the antioxidant moiety of vitamin E. For example, the antioxidant potency of PMCol was
shown to be similar to that of ␣-tocopherol in vitro (29). In
general, ␣-tocopherol plasma levels range between 5 and 30
M (30), well within the range of antiandrogenic activity observed by PMCol in the current study. Due to the high lipophilicity of vitamin E, it is difficult to assess its antiandrogenic activity by cell culture analysis. However, we can
speculate that due to the presence of the highly lipophilic
phytyl chain, the subcellular distribution of vitamin E would
limit its direct interaction with the AR, which resides in more
aqueous subcellular compartments such as the cytoplasm
and nucleus. Vitamin E can be metabolized to derivatives
with greater water solubility, such as ␣-carboxyethylhydroxychroman (7, 31), which are structurally similar to PMCol
and may have greater water solubility and a distinct cellular
bioavailability compared with vitamin E. Thus, we hypothesize that metabolites of vitamin E may contact the AR in vivo
and have antiandrogenic activity, analogous to that produced by PMCol in human prostate carcinoma cells.
In summary, the antioxidant moiety of ␣-tocopherol,
PMCol, was found to inhibit androgen activity, likely through
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competition for androgen binding to the AR, with resultant
inhibition of androgen-sensitive biological pathways. PMCol
was not found to possess androgen agonist or partial agonist
activity and hence functions as a pure antagonist of androgen activity in the LNCaP and LAPC4 prostate carcinoma cell
lines. Based on the results of the current study, PMCol may
serve as a useful agent for modulating androgen activity in
vivo. Importantly, the antiandrogenic activity of PMCol poses
the possibility that the prostate cancer-preventive activity of
vitamin E may be due, in part, to antiandrogenic effects of
vitamin E or metabolites of vitamin E in the prostate. Currently, over 30,000 men die from prostate cancer each year
in the United States (4). The prevention of prostate cancer
through the action of dietary antiandrogens, such as vitamin
E or its derivatives, may offer one means of reducing the
devastation produced by this disease.
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