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Selenoprotein expression is regulated at multiple levels in prostate 
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Selenium supplementation in a population with low basal blood selenium levels has been reported to decrease the 
incidence of several cancers including prostate cancer. Based on the clinical findings, it is likely that the antioxidant 
function of one or more selenoproteins is responsible for the chemopreventive effect, although low molecular weight 
seleno-compounds have also been posited to selectively induce apoptosis in transformed cells. To address the effects of 
selenium supplementation on selenoprotein expression in prostate cells, we have undertaken an analysis of antioxidant 
selenoprotein expression as well as selenium toxicity in non-tumorigenic prostate epithelial cells (RWPE-1) and prostate 
cancer cells (LNCaP and PC-3). Our results show that two of the glutathione peroxidase family members (GPX1 and 
GPX4) are highly induced by supplemental selenium in prostate cancer cells but only slightly induced in RWPE-1 cells. 
In addition, GPX1 levels are dramatically lower in PC-3 cells as compared to RWPE-1 or LNCaP cells. GPX2 protein 
and mRNA, however, are only detectable in RWPE-1 cells. Of the three selenium compounds tested (sodium selenite, 
sodium selenate and selenomethionine), only sodium selenite shows toxicity in a physiological range of selenium 
concentrations. Notably and in contrast to previous studies, RWPE-1 cells were significantly more sensitive to selenite 
than either of the prostate cancer cell lines. These results demonstrate that selenoproteins and selenium metabolism are 
regulated at multiple levels in prostate cells.
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Introduction

In 1996, Clark et al. [1] reported a dramatic decrease in 
the incidence of prostate, lung and colorectal cancer in skin 
cancer patients who supplemented their diets with 200 mg 
of selenium in the form of selenized yeast . Further analysis 
showed that only the patients with low baseline selenium 
benefited from the regimen [2]. Selenium supplementa-
tion did not prevent the recurrence of skin cancer; in fact, 
recent follow-up has shown that squamous cell carcinoma 
and total non-melanoma skin cancer incidence increased 
[3], highlighting the potential danger of indiscriminant 

selenium supplementation. The mechanism of selenium 
chemoprevention remains unknown, but two theories have 
developed. First, small molecule selenium metabolites 
have been postulated to selectively promote apoptosis in 
transformed prostate epithelium [4-6]. Alternatively, or 
additionally, it has been proposed that selenium supplemen-
tation increases the levels of anti-oxidant selenoproteins 
and thereby prevents the DNA damage that could lead to 
cell transformation [7, 8]. The majority of work to date has 
investigated the role of selenium in apoptosis, but several 
studies have also implicated selenoproteins as key players 
in chemoprevention. Some studies have established the 
correlation between the incidence of prostate cancer and 
the inheritance of an attenuating polymorphism in the gene 
encoding Sep15, a selenoprotein proposed to be involved 
in protein folding [9, 10]. Both Sep15 and glutahione 
peroxidase 1 (GPX1) levels have been reported to be sig-
nificantly reduced in prostate cancer [11, 12]. In addition, 
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the recent use of a mouse model has suggested that loss 
of a select group of selenoproteins in animals expressing 
mutant selenocysteine (Sec)-tRNA[Ser]Sec leads to increased 
incidence of colorectal cancer [13]. While these studies 
cannot distinguish between selenoprotein regulation before 
or after transformation, these data in combination with the 
clinical observation that selenium supplementation has 
only been shown to be effective in humans when baseline 
selenium is at the level where selenoprotein production is 
regulated [2], suggest that the induction of selenoprotein 
activity seems to be a likely mechanism for selenium 
chemoprevention.

Selenoprotein synthesis is a complex and highly regu-
lated process. Selenium is incorporated as Sec at specific 
UGA codons in 25 human proteins (reviewed in [14-16]). 
Selenoprotein mRNAs all contain a cis-element within the 
3’ untranslated region (termed the Sec insertion sequence 
(SECIS) element) that is required for Sec incorporation. 
In addition, at least two protein factors are required for the 
insertion of Sec-tRNA[Ser]Sec into the ribosomal A-site: a 
SECIS element binding protein (SBP2) and the Sec-specific 
elongation factor. Surprisingly, a thorough examination of 
the effects of selenium supplementation on selenoprotein 
expression in prostate cells is lacking. In this study, we used 
the three common dietary supplements, sodium selenite, 
sodium selenate and selenomethionine (SeMet), to supple-
ment the growth medium for “normal” prostate epithelial 
cells (RWPE-1; cells derived from normal prostate epithelia 
that were immortalized with human papolloma virus [17]) 
as well as androgen sensitive (LNCaP) and androgen 
insensitive (PC-3) prostate cancer cell lines. Because of 
their potential role in preventing transformation caused by 
DNA damage, we have chosen to focus on the three major 
intracellular antioxidant selenoproteins found in epithelial 
cells, GPX1, GPX2 and GPX4. GPX1 levels are dramati-
cally upregulated by selenium supplementation in prostate 
cancer but not RWPE-1 cells. In addition, GPX1 is elevated 
in LNCaP and reduced in PC-3 relative to RWPE-1 cells 
and importantly, PC-3 cells are limited in their ability to uti-
lize organic selenium for selenoprotein expression. We also 
observed dramatic differences in toxicity and selenoprotein 
expression as a function of both selenium compound and 
cell type. Surprisingly, we did not observe selective toxic-
ity in cancer cells as predicted by the apoptosis model of 
chemoprevention. In fact, RWPE-1 cells are notably more 
sensitive to toxic levels of selenium. Overall, these studies 
point to dramatic differences in selenium metabolism and 
selenoprotein production in prostate cell lines.

Materials and Methods

Chemicals and reagents
Sodium selenite, sodium selenate and seleno-L-methionine 

(Sigma), RPMI 1640, fetal bovine serum, and L-glutamine (Cellgro 
Mediatech Inc.), MCDB-151 (Biosource), epidermal growth factor 
(EGF) and bovine pituitary extract (BPE) (Invitrogen).

Cells and cell culture
LNCaP and RWPE-1 cells were obtained from the American Type 

Culture Collection and PC-3 cells were a gift from Arnold B Rabson 
(UMDNJ-RWJMS, Cancer Institute of New Jersey). RWPE-1 cells 
were grown in MCDB-151 medium containing 8 mM L-glutamine, 
12.94 mg/ml BPE and 1 mg/ml EGF. LNCaP and PC-3 cells were 
grown in RPMI 1640 medium containing 10% fetal bovine serum. 
RWPE-1, PC-3 and LNCaP cells were seeded at 5 000 cells/cm2 into 
six-well cell culture cluster plates containing medium with either 
sodium selenite, SeMet or sodium selenate at concentrations indicated 
in the figure legends. For the testing of BPE-induced expression of 
GPX1, PC-3 or LNCaP, cells were grown in the presence or absence 
of 12.94 mg/ml BPE or in the presence of 50 nM sodium selenite 
with or without BPE. The medium was changed on day 4 and cell 
extracts were taken at ~90% confluence (day 7 or 8) by washing 
with 1 ml PBS and then incubating in 0.4 ml lysis buffer (0.5% SDS, 
0.5 M Tris (pH 7.8), 50 mM MgCl2, 1× protease inhibitor cocktail 
(Roche)) for 5 min. The lysates were boiled in a water bath for 5 
min, then cooled to room temperature. Subsequently, 0.048 ml of 
nuclease reagent (1 mg/ml DNase, 1 mg/ml RNase, 0.5 M Tris (pH 
7.8), 50 mM MgCl2, 1× protease inhibitor cocktail) was added to 
the lysates and incubated at room temperature for 10 min, then total 
protein was precipitated by the addition of 2.4 ml cold acetone. The 
samples were incubated at –20 ºC for 1 h or overnight, followed by 
centrifugation at 1 000× g for 5 min at 4 ºC. Protein was resuspended 
in 0.06 ml of 1× SDS-PAGE sample buffer (50 mM Tris-HCl at 
pH 6.8, 2% SDS, 0.1% bromophenol blue, 10% glycerol, 0.1 M 
β-mercaptoethanol).

Cell viability assays
RWPE-1, LNCaP, PC-3 prostate cells were seeded at 5 000 cells/

cm2 in a total volume of 0.1 ml into a 96-well clear bottom tissue 
culture assay plate containing medium with either sodium selenite, 
SeMet or sodium selenate at a two-fold serial dilution from either 
10 µM or 100 µM as indicated in Figure 6. Cells were allowed to 
grow undisturbed for 7 d and then assayed for viability using the Cell 
Titer-Glo Luminescent Cell Viability Assay (Promega), according 
to the manufacturer’s protocol. Luminescence was recorded in a 
Dynex MLX plate luminometer and the activity measured was used 
to represent the data as the percent viability normalized to the growth 
of untreated cells. The data reported are the average (±S.E.) of three 
independent experiments.

Western blot analysis
Whole-cell extracts (3% of the protein extracted from a 9.6 cm2 

well for all except those in Figures 2A, 4B and 4C where 16.6% 
was used) were resolved on a 15% SDS-PAGE gel, blotted to ni-
trocellulose membrane (Amersham Biosciences), blocked for 1 h 
in 5% non-fat dried milk, and then cut between the 37 and 25 kDa 
molecular weight markers (BioRad). The membranes with the higher 
weight markers were incubated either with a monoclonal anti-human 
eukaryotic elongation factor-1A antibody (Upstate Biotechnology) 
at a 1:1 250 000 dilution for PC-3 and LNCaP blots or a 1:250 000 
dilution for RWPE-1 blots or with a polyclonal anti-human β-actin 
antibody (Santa Cruz Biotechnology Inc.) at a 1:100 000 dilution in 
the same blocking solution at 4 ºC overnight. The membranes with 
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the lower weight markers were incubated either with a monoclonal 
anti-human GPX-1 antibody (Stressgen Bioreagents) at a 1:1 000 
dilution, a polyclonal anti-human GPX2 antibody (kindly provided 
by Regina Brigelius-Flohé, University of Potsdam) at 1:1 000 or 
with a polyclonal anti-rat GPX4 antibody (kindly provided by Donna 
Driscoll, Cleveland Clinic Foundation) at a 1:10 000 dilution in the 
same blocking solution at 4 °C overnight. Primary antibodies were 
detected with horseradish peroxidase-conjugated secondary antibod-
ies (Pierce) and visualized using the SuperSignal West Femto kit 
(Pierce) according to the manufacturer’s protocol. 

Northern blot analysis
RWPE-1, LNCaP and PC-3 cells were grown in the presence or 

absence of 50 nM selenite or 5 µM SeMet for 7 d. Total RNA was 
extracted from these cells grown in six-well plates using TRIzol 
(Invitrogen), according to the manufacturer’s protocol. Three mi-
crograms of RNA from each sample were resolved at 75 V for 4 h 
in a 1.2% agarose, 7% formaldehyde gel that was transferred to an 
Immobilon-Ny+ membrane (Millipore) in 20× SSC buffer overnight. 
The membrane was probed with 5.0 × 106 cpm of [α-32P] dCTP-la-
beled GPX1 cDNA probe made by RadPrime DNA Labeling System 
(Invitrogen) in ULTRAhyb (Ambion) ultrasensitive hybridization 
buffer at 42 °C overnight. The membrane was washed and exposed 
to a PhosphorImager screen overnight and visualized on a Typhoon 
scanner (GE Healthcare). The blot was stripped and reprobed with 
[α-32P] dCTP-labeled GPX2, GPX4 and β-actin cDNA probes with 
the same conditions.

Results

GPX1 protein expression in RWPE-1 prostate cells is 
maximally induced by low concentrations of organic and 
inorganic selenium

In order to examine the precise concentration of se-
lenium required for maximum selenoprotein expression, 
we cultured RWPE-1 cells in selenium-free and selenite-
supplemented media. The cells were cultured for 7 d in 
selenium-free MCDB-151 media containing 12.5-200 nM 
selenite, then whole-cell lysates were examined for GPX1 
expression by immunoblot (data not shown). Maximum 
GPX1 expression was observed at the lowest concentration, 
so we cultured cells in the presence of lower concentra-
tions ranging from 1 to 50 nM selenite. Figure 1 shows 
that GPX1 expression is substantial even in the absence of 
added selenium, but it does increase as a function of selenite 
concentration, with maximum expression occurring at ~10 
nM contrasted with ~5 mM required for 50% toxicity (see 
below). Thus, doses as much as 500 times lower than the 
toxic dose are sufficient for maximum GPX1 expression 
in RWPE-1 prostate cells in culture. When the two other 
forms of selenium were tested for their ability to induce 
GPX1, it was found that maximum GPX1 expression occurs 
at ~50 nM selenate and ~250 nM SeMet (Figure 1B and 
1C). These results demonstrate that RWPE-1 cells express 
GPX1 in the absence of added selenium, but that maximum 
expression requires selenium supplementation. 

GPX1 protein expression in prostate cancer cells is induced 
by both organic and inorganic selenium

To examine whether GPX1 expression in prostate cancer 
cells were similarly responsive to selenium supplementa-
tion, we performed the same experiments using LNCaP 
and PC-3 cells. Figure 2 shows that GPX1 expression is 
dramatically induced by all forms of added selenium in both 
cell types, but most dramatically in PC-3 cells. In this case, 
maximum GPX1 expression in LNCaP was achieved with 
~30 nM selenite, ~250 nM selenate and ~125 nM SeMet. 
This is in contrast to PC-3 cells where the selenite response 
was similar (~40 nM), but maximum induction occurred 
at ~0.5 µM for selenate and ~2 µM for SeMet. These dif-
ferences provide evidence that prostate cancer cells are 
fundamentally altered in their ability to utilize exogenous 
selenium in a compound-dependent fashion.

The fact that LNCaP and especially PC-3 cells are lim-
ited in their ability to express GPX1 protein in the absence 
of added selenium led us to believe that the serum used 
for this study was deficient in a form of selenium usable 
by these cells. Interestingly, RWPE-1 cells showed much 
lower levels of GPX1 induction, leading us to believe that 
the culture conditions for these cells (MCDB-151 with BPE 
and purified EGF) may be providing a source of selenium 
that was not available in the medium that was used to cul-
ture LNCaP and PC-3 cells (RPMI with 10% fetal bovine 
serum). Since both of the synthetic salt solutions were 

Figure 1 GPX1 expression in RWPE-1 prostate cells is induced by 
low concentrations of selenium. Western blot analysis of whole-cell 
extracts from RWPE-1 cells cultured for 7 d in the presence of selenite 
(A), SeMet (B) or selenate (C) at the concentrations indicated. Total 
protein was blotted to nitrocellulose and probed with anti-GPX1 and 
anti-eEF1A antibodies.
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selenium-free, we expected that the BPE may have been 
supplying usable selenium to the RWPE-1 cells. To test 
this hypothesis, PC-3 cells were also grown in the presence 
of the same concentration of BPE as that used to culture 
RWPE-1 cells. Surprisingly, as shown in Figure 3, BPE 
was not able to induce GPX1 expression at all, suggesting 
that in the case of RWPE-1 cells, they are able to utilize 
the selenium compounds found in the BPE while cancer 
cells cannot. The same result was obtained when EGF 
was included as well (data not shown). These results may 
indicate a significant difference between cells derived from 

prostate cancer and those derived from normal epithelium 
in their ability to utilize sources of organic selenium.

GPX1 levels are reduced in PC-3 but not LNCaP cells
The above data suggest that the overall levels of GPX1 

are quite different even when selenium levels are sufficient. 
To directly address this question, all three prostate cell 
lines were cultured for at least 7 d either in the absence of 
selenium (Figure 4A, lanes 1-3) or in the presence of excess 
but subtoxic levels of selenite (50 nM; lanes 4-6), selenate 
(1 mM; lanes 7-9) and SeMet (5 mM; lanes 10-12). While 
Western blots are not highly quantitative, densitometric 
analysis of the blot shows that relative to RWPE-1 cells, 
GPX1 levels are elevated in LNCaP cells and drastically 
reduced in PC-3 cells (Figure 4A, bottom panel). The ex-
pression of GPX1 was analyzed as a function of b-actin 
in this case because eEF1A is dramatically upregulated in 
LNCaP and PC-3 cells (data not shown), consistent with 
previous studies demonstrating the upregulation of eEF1A 
in cancer cells [18]. These data suggest a fundamental dif-
ference in selenoprotein expression between LNCaP and 
PC-3 cells.

GPX4 induction is similar to that of GPX1
Since it has been recently shown that the two serum sele-

noproteins (Sel P and GPX 3) are maximally expressed at 
different levels of supplemental selenium [19], we wanted 
to determine if two selenoproteins were induced to the 
same extent at the same level of selenium supplementation 
in prostate cells. To that end, the samples used to examine 
GPX1 levels were also examined for GPX4 expression via 

Figure 2 GPX1 expression is dramatically induced by selenium in 
prostate cancer cells. Western blot analysis of whole-cell extracts 
from LNCaP and PC-3 cells cultured for 7 d in the presence of selenite 
(A), SeMet (B) or selenate (C) at the concentrations indicated. Total 
protein was blotted to nitrocellulose and probed with anti-GPX1 and 
anti-eEF1A antibodies.
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Figure 3 BPE does not induce GPX1 expression in prostate cancer 
cells. PC-3 cells were grown in the presence or absence of BPE and 
50 nM sodium selenite and whole-cell extracts were analyzed by 
immunoblot. Total protein was blotted to nitrocellulose and probed 
with anti-GPX1 and anti-eEF1A antibodies.
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mentation increased GPX2 levels only by about a factor 
of ~2. The expression of GPX2 is distinct from that of 
GPX1 and GPX4 and provides evidence that individual 
selenoproteins are regulated independently during prostate 
carcinogenesis.

Selenoprotein mRNA expression is also regulated in pros-
tate cells

To address the extent to which mRNA levels contribute 
to the differences observed in GPX protein levels, Northern 
analysis was performed on RNA samples derived from 
cells cultured in the presence and absence of supplemental 
selenite and SeMet (RNA samples derived from selenate-
treated cells were inexplicably but reproducibly insoluble 
after extraction). Figure 5 shows that for GPX1, the mRNA 
levels were consistently lower in non-supplemented cells 
but higher in supplemented cells, especially in PC-3 cells. 

Figure 4 (A) GPX1 levels are different in RWPE-1 and prostate cancer cells even when selenium levels are sufficient. Western blot 
analysis of whole-cell extracts from RWPE-1, LNCaP and PC-3 cells cultured for 7 d in the presence of selenite, SeMet or selenate 
at the concentrations indicated. Total protein was blotted to nitrocellulose and probed with anti-GPX1 and anti-human b-actin anti-
bodies. The ratio of GPX1 to b-actin expression was determined by densitometry and shown in graphical form in the bottom panel. 
(B) GPX4 protein expression is similar to that of GPX1 expression. Western blot analysis of total protein extracted from PC-3 cells 
cultured for 7 d in the presence of selenite (top panel), selenate (middle panels) or SeMet (bottom panels) at the concentrations indi-
cated. Total protein was blotted to nitrocellulose and probed with anti-GPX4 and anti-eEF1A antibodies. (C) Western blot analysis of 
whole-cell extracts from RWPE-1, LNCaP and PC-3 cells cultured for 7 d in the presence or absence of 5 or 20 nM sodium selenite. 
Total protein was blotted to nitrocellulose and probed with anti-GPX2 and anti-eEF1A antibodies.

Western blot analysis. Figure 4B shows that maximal GPX4 
expression occurs at the same ranges for all three selenium 
compounds in PC-3 cells when compared to GPX1 induc-
tion (compare Figures 2-4B). These data show that at least 
for two members of the GPX family, selenium induction 
of expression is the same for both genes, suggesting that 
there is no difference in Sec-tRNA[Ser]Sec utilization between 
these two selenoproteins in this cell type. 

GPX2 expression is only detected in RWPE-1 prostate 
cells

To examine the epithelial cell-specific selenoprotein 
GPX2 induction, all three prostate cell lines were grown 
in the presence or absence of selenite (5 or 20 nM). Figure 
4C shows that GPX2 levels were not detectable in PC-3 
or LNCaP cells, even in the presence of added selenium. 
In addition, and consistent with GPX1, selenium supple-
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This is consistent with the protein levels observed in Figure 
4A and the previous reports showing that GPX1 mRNA is 
unstable when selenium is deficient [21-24]. GPX4 mRNA 
levels are not as consistent with protein levels since clear 
expression is detectable even in PC-3 cells under low sele-
nium conditions where GPX4 protein is lacking, indicating 
a clear case of regulation at the translational level. GPX2 
mRNA levels were directly related to protein levels as they 
were undetectable in the prostate cancer cells, suggesting 
that the downregulation of this gene in prostate cancer 
occurs at the level of transcription or a dramatic decrease 
in RNA stability. 

LNCaP and PC-3 prostate cancer cells are not more sensi-
tive to selenium toxicity than RWPE-1 cells

In order to compare the levels of selenium required 
for GPX induction with those required for toxicity, we 
wished to establish the levels of selenium that induced 
a chronic toxic effect as measured by cell viability. To 
that end, RWPE-1, LNCaP and PC-3 cells were grown 
in varying concentrations of sodium selenite (selenite), 
sodium selenate (selenate) or SeMet for at least 7 d be-
fore determining viability in a luciferase-based assay 

(see Materials and Methods). To determine the point at 
which each compound displayed toxicity, we used a range 
of 6.25 to 100 mM – far exceeding the ~2.5 mM blood 
level found in patients taking supplemental selenium [2]. 
Surprisingly, under these conditions, RWPE-1 cells are 
the most sensitive to all three compounds, indicating that 
under these conditions and with these cell lines, we are 
unable to reproduce the findings that prostate cancer cells 
are more sensitive to selenite than non-tumorigenic lines. 
Consistent with previous studies, however, only sodium 
selenite showed toxicity at near-physiological levels [20]. 
To further investigate toxicity in the physiological range, 
cells were treated with lower doses of all three compounds 
ranging from 0.62 to 10 mM (Figure 6B). In this case only 
selenite-induced toxicity, but this is only evident in RWPE-1 
prostate cells. Interestingly, selenite seems to specifically 
enhance RWPE-1 growth at lower doses, but this effect is 
unlikely to stem from selenoprotein induction since all three 
compounds are able to stimulate selenoprotein expression 
in the concentration range below that required for toxicity 
(see above). Together, these results describe the range of 
selenium concentrations that do not reduce cell viability, 
thus confirming that in prostate cell lines the concentration 
of selenium required for maximum GPX expression is well 
below that required for toxicity.

Discussion

One of the central questions regarding selenium and 
prostate cancer is whether selenoproteins are involved or 
not. The fact that selenoproteins are dramatically regulated 
differentially when comparing non-tumorigenic versus 
cancer cells suggests that this is the case, but whether this is 
cause of or result from cell transformation remains to be de-
termined. In addition, the regulation of selenoproteins and 
the chemopreventive effects of selenium may be unrelated 
phenomena. In this work, we have begun to address these 
questions by examining the regulation of selenoprotein 
expression as a function of selenium supplementation in 
non-tumorigenic and cancerous cells. We have demon-
strated that not only is selenoprotein expression affected, 
but selenium utilization also becomes compromised in 
PC-3 and not LNCaP cells. Thus, changes in selenoprotein 
expression and selenium utilization may provide valuable 
markers for prostate cancer progression. Further work in 
the development of a chemoprevention model system will 
be required to discern the precise role of selenoprotein in 
preventing either prostate cancer initiation, progression 
or both.

Our results indicate that prostate cancer cells are viable 
in the presence of supplemental selenium in the physiologi-
cal range, thus providing further evidence that the chemo-

Figure 5 Northern blot analysis of selenoprotein mRNA expression as 
a function of selenium supplementation. RWPE-1, LNCaP, and PC-3 
cells were grown in the presence or absence of 50 nM selenite or 5 
µM SeMet for 7 d. Total mRNA was examined by Northern analysis 
with probes designed to detect b-actin, GPX1, GPX2 and GPX4.
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Figure 6 Cell viability as a function of selenium supplementation. RWPE-1 and cancerous (LNCaP, PC-3) prostate cells were cul-
tured for 7 d in the presence of high (A) or low (B) levels of the selenium compounds at the indicated concentrations. Cell viability 
was assessed using a luminescent ATP release assay. The data are represented as the percent viability normalized to the growth of 
untreated cells. Each data point represents the mean of three experiments (±S.E.).

protective effect of selenium supplementation observed in 
the population may be based in large part on selenoprotein 
expression and not on the selective pro-apoptotic activity 
of excess dietary selenium. One possible explanation for 
this result is that prostate cells in culture are not competent 
to properly metabolize the selenium compounds used in 
this study. While this is certainly possible, we have dem-
onstrated here that the cell lines used are able to efficiently 
metabolize inorganic and organic selenium for Sec syn-
thesis. This suggests that the sulfur/selenium metabolism 
pathways (production of selenide from both organic and 
inorganic sources) are active in these cells. Interestingly, we 
find distinct differences in selenium utilization. RWPE-1 cells 
express well over 50% of their maximum levels of GPX1 
without selenium supplementation while PC-3 cells show 
little or no GPX1 expression in the absence of added sele-
nium. This suggests that RWPE-1 cells are able to utilize 
the selenium found in the culture medium. Since all cell 

types were cultured in selenium-free salt solutions, the only 
source of selenium would be found in the undefined supple-
ments (BPE for RWPE-1 and 10% calf serum for PC-3). 
The fact that PC-3 and LNCaP cells showed no induction 
of GPX1 expression even when supplemented with BPE 
suggests that naturally occurring sources of animal-derived 
selenium (most likely protein-bound SeMet) are unavail-
able to prostate cancer cells. The reduced ability of cancer 
cells to utilize selenium may shed significant light on the 
mechanism behind the reduction in selenoprotein expres-
sion during carcinogenesis. These data also underscore the 
fact that selenoproteins may not be optimally expressed in 
many standard tissue culture conditions, a phenomenon that 
should be carefully considered when studying the effects 
of oxidative stress on cells in culture.

In this study, we have observed several modes of sele-
noprotein regulation. First and least surprising is the fact 
that selenoprotein translation is significantly stimulated 
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by selenium supplementation. This is best illustrated by 
GPX4 expression in PC-3 cells where mRNA is pres-
ent but not translated in the absence of added selenium. 
This is also true for GPX1, but to a lesser extent, because 
mRNA levels in the absence of selenium supplementation 
are reduced. This is very likely to be the result of lower 
mRNA stability as has been observed for GPX1 in mul-
tiple studies [21-24]. In the case of GPX2, the expression 
observed appears to be dramatically regulated at the RNA 
level, most likely at the level of transcription because its 
mRNA is not detectable even in the presence of supple-
mental selenium. This is in agreement with a recent study 
of prostate cancer progression in the Nkx3.1 mouse model 
where loss of Nkx3.1 expression resulted in reduced GPX2 
RNA levels and unchanged GPX1 RNA levels [25]. These 
results together with those described in this work describe 
the complexity of selenoprotein regulation in the prostate 
and provide the groundwork for future studies designed 
to dissect the roles of individual selenoproteins in proper 
prostate cell function.

Perhaps the most surprising result from these studies is 
the higher sensitivity of RWPE-1 cells versus transformed 
cells to the physiological range of selenium in the form of 
selenite. The significance of this is, of course, somewhat 
limited by the artificial nature of cell culture and the limited 
number of cell lines used in this study. In previous studies, 
the toxicity of selenite for LNCaP cells was greater. For 
example, maximum cytotoxicity was observed at 2.5 mM 
in one case [26], and maximum caspase expression was 
achieved at 4 mM in another case [5]. The most likely expla-
nations for these discrepancies are the length of treatment 
(our cells were treated for 7 d and may have experienced 
some adaptation to the selenite) and/or the type of viability 
assay used. Since neither of these previous reports included 
a direct comparison with “normal” cells, it is difficult to 
assess the full extent of the discrepancy. Interestingly, the 
most recent report regarding the selective sensitivity of 
primary prostate cancer cells indicated that 25 mM selenite 
was the minimum dose of selenite required for toxicity [27]. 
Our data, therefore, further call into question the univer-
sality of the idea that prostate cancer cells are inherently 
more sensitive to the pro-apoptotic effects of selenium, thus 
indirectly providing support for the idea that selenoprotein 
activity is sufficient to explain the chemoprotective effects 
reported in clinical studies.
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