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Abstract

Epidemiological and clinical data suggest that selenium may prevent prostate cancer, however the

cellular effects of selenium in malignant prostate cells are not well understood. We previously

reported that the activity of the tumor suppressor PTEN is modulated by thioredoxin (Trx) in a

RedOx-dependent manner. In this study, we demonstrate that the activity of Trx Reductase is

increased by seven-fold in the human prostate cancer cell line, DU-145, after five days of sodium

selenite (Se) treatment. The treatment of DU-145 cells with increasing concentrations of Se

induced an increase in PTEN lipid phosphatase activity by two-fold, which correlated with a

decrease in phospho-Ser473-Akt, and an increase in phospho- Ser370-PTEN levels. Se also

increased CK2 activity and the use of apigenin, an inhibitor of CK2, revealed that the regulation of

the tumor suppressor PTEN by Se may be achieved via both the Trx-TR system and the RedOx

control of the kinase involved in the regulation of PTEN activity.

Keywords

Thioredoxin reductase; PTEN; Akt; CK2; sodium selenite

Introduction

Selenium (Se) is an essential dietary nutrient for all mammalian species, including humans

(1). The mechanism of action of Se compounds, either via a pro-oxidant pathway (as seen in

cytotoxicity and apoptosis) or an antioxidant pathway (as proposed in cancer

chemoprevention), is still unclear, but is nonetheless intriguing. Several studies have shown

an effect of seleno-compounds on phospho-Akt in human prostate cancer cells (2–5).

However, the mechanisms for such effects on the survival pathway remain unclear.
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Thioredoxin (Trx) is a 12-kDa protein thiol-disulfide oxidoreductase which, in mammalian

cells, has a variety of biological functions related to cell proliferation and apoptosis (6). The

oxidized form (Trx-S2) contains a disulfide bridge in the active site that is bioreduced to a

dithiol by NADPH and the flavoprotein Thioredoxin Reductase (TR) (7). Sodium selenite

increases the activity of TR and stabilizes TR mRNA leading to an increase in TR

expression in several cancer cell lines, including MCF-7 breast, HT-29 colon and A549 lung

cancer cells (8). Trx has been implicated in many cellular functions such as DNA synthesis

as electron donors (9), RedOx regulation of transcription factors such as NF-κB (10) and

AP1 (11) as well as the modulating the activity of several proteins including PKC (12),

ASK1 (13) and PTEN (14–15). In fact, we recently reported that Trx is a physiological

inhibitor of the tumor suppressor protein PTEN/MMAC1 (phosphatase and tensin homolog

deleted on chromosome ten)/(mutated in multiple advanced cancer), the

Phosphatidylinositol (PtdIns)-3-phosphate phosphatase which regulates Akt activation in

normal cells (14). In PTEN-deficient mouse embryo fibroblasts, constitutively elevated

activity of Akt together with decreased sensitivity to apoptosis suggests a role for PTEN as a

negative regulator of cell survival.

PTEN is a 54kDa protein, which exhibits a dual specificity tyrosine/serine/threonine and

lipid phosphatase, but the main substrate of PTEN, both in vitro and in living cells, is the

lipid PtdIns-(3,4,5)-trisphosphate. PTEN is also a phospho-protein and this post-

transcriptional modification of the protein plays an important role in its stability (16).

Specifically, the phosphorylation of Ser380 and Thr382 has been shown to affect the half-life

of PTEN in T lymphocytes (17). Thus, PTEN is phosphorylated at several serine and

threonine residues in the C-terminal of the protein, particularly in the PDZ (PSD95, Dlg and

ZO1)-binding motif. Interestingly, the phosphorylation of the PTEN tail results in an

inhibition of PTEN activity, at least in part, by preventing its interaction with PDZ domain-

containing proteins such as MAGI-2. Moreover, the phosphorylation on Thr366 by Glycogen

Synthase Kinase 3 (GSK3) was recently shown to destabilize PTEN (18). Taken together,

PTEN activity may be regulated via its phosphorylation on the C-terminus and its

association with PDZ binding partners.

The activation and the regulation of the kinases involved in PTEN phosphorylation and their

effects on PTEN activity in prostate cancer cells remain an important topic to be

investigated. Our laboratory is interested in understanding the possible mechanisms for

PTEN regulation in normal and cancer cells. We have shown that the small RedOx protein,

Trx inhibits PTEN activity in MCF-7 breast cancer cells (14–15). Trx, by binding directly to

the C-terminal part of PTEN, inhibits PTEN lipid phosphatase activity in vitro and in cells.

The interaction between Trx and PTEN is dependent on the RedOx status of Trx in that the

interaction is observed only under reducing conditions (14). Our observations strongly

suggest that Trx regulates PTEN activity in the cells and that this interaction may partially

clarify the anti-apoptotic functions of Trx in the cells (14). Therefore, in this study, we have

investigated the effects of the endogenous modulation of the Trx-TR RedOx system using

sodium selenite and tested our hypothesis that PTEN activity can be modulated via the Trx

system. We show that sodium selenite increase the activity of the tumor suppressor PTEN in

prostate cancer cells. Interestingly, at similar concentration, Se increases the activity of
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casein kinase-2 (CK2) involved in PTEN phosphorylation thereby also regulating the tumor

suppressor's activity.

Materials and Methods

Materials

Rabbit anti-PTEN, rabbit anti-phospho-(Ser380-Thr382/383) PTEN, rabbit anti-phospho-

Ser473-Akt, rabbit total Akt and rabbit PARP antibodies were purchased from Cell

Signaling-Technology (Danvers, MA). Rabbit anti-phospho-Ser370-PTEN and rabbit anti-

phospho-Ser209-CK2 were obtained from Novus Biochemicals (Littletown, CO). Mouse

anti-CK2 (clone mAb 6D5) antibody was purchased from Calbiochem (La Jolla, CA).

Pleurotin (i.e. NSC131233) was recently identified as an irreversible inhibitor of TR with a

Ki of 0.28 μM (19). Pleurotin and rabbit polyclonal antibodies against Trx were obtained as

a gift from Dr. Garth Powis (MD Anderson Cancer Center, Texas). TR polyclonal

antibodies were obtained from Upstate (Lake Placid, NY). Apigenin was obtained from

Tocris Bioscience (Ellisville, MO). All other biochemicals were purchased from Sigma (St

Louis, MO).

Cell culture, sodium selenite and drug treatments

Human DU-145, LNCaP and PC-3 prostate cancer cell lines were obtained from the

American Type Culture Collection (Rockville, MD). The cells were maintained in bulk

culture in Dulbecco's modified Eagle medium (DMEM) supplemented with 10% fetal

bovine serum (FBS). Cells were passaged using 0.25% trypsin and 0.02% EDTA. The cells

were confirmed to be mycoplasma free using an ELISA kit (Roche-Boehringer Mannheim,

Indianapolis, IN). Sodium selenite was dissolved in distilled water at the stock

concentrations of 10mM and added every other day at the indicated concentrations to the

cell culture media for 5 days. For experiments using Pleurotin or Apigenin, cells were pre-

incubated for 5 days with sodium selenite followed by one hour of drug at the concentrations

indicated.

PTEN lipid phosphatase activity

Lipid phosphatase activity of PTEN was measured as described by Georgescu et al. (20).

Briefly, PTEN was immunoprecipitated from DU-145 cells using anti-PTEN antibody and

the lipid phosphatase activity was measured by detecting the release of phosphate from the

water soluble substrate diC8-PdtIns-(3,4,5)-trisphosphate (Echelon, Salt Lake City, UT).

Briefly, after immunoprecipitation the protein A/G-agarose beads (Santa Cruz Laboratories)

were washed twice; once in a low-stringency buffer containing 20 mM HEPES (pH 7.7), 50

mM NaCl, 0.1 mM EDTA and 2.5 mM MgCl2, and once in phosphatase assay buffer

lacking the substrate. The reaction was incubated for 40 min at 37°C and transferred to a 96-

well plate. The release of phosphate from the substrate was measured in a colorimetric assay

by using the Biomol Green® Reagent (Biomol, Plymouth Meeting, PA) in accordance with

the instructions of the manufacturer. The absorbance at 650 nm was recorded in an ELISA

plate reader. A standard curve was performed in each assay, and the amount of free

phosphate was calculated from the standard curve line-fit data. Each assay was performed in

triplicate and the data are reported as nmoles of phosphate liberated/mg of total protein.
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Akt and CK2 activity and expression in control and selenite treated-DU-145 cancer cells

Cells were grown in 6-well plates to 75% confluency in DMEM/10% heat-inactivated FBS,

4.5g/l glucose, 100U/ml penicillin and 100μg/ml streptomycin in a 5% CO2 atmosphere.

Following drug and/or selenite treatment, the culture media was aspirated and cells were

lyzed in RIPA lysis buffer made up of 0.05 M Tris, pH 7.4, 0.15M NaCl, 1%Triton-X 100,

0.1% SDS and 1% Sodium deoxycholate supplemented with protease and phosphatase

inhibitors. Thirty micrograms of the lysates were diluted into a 4X reducing sample buffer

and boiled for 5 min. Samples were then loaded on a 7.5% SDS-PAGE. Proteins were

transferred to PVDF membranes, pre-incubated in blocking buffer [137mM NaCl, 2.7mM

KCl, 897μM CaCl2, 491μM MgCl2, 3.44mM Na2HPO4, 593mM KH2PO4 and 5% Bovine

serum albumin (BSA)], and incubated with the antibodies of interest. Immunoreactive bands

were detected using an anti-rabbit or anti-mouse coupled to peroxidase (Amersham,

Arlington Heights, IL) and the Renaissance chemilluminescence kit (NEN™, Life Science

Products, Inc., Boston, MA). Bands corresponding to phospho-CK2 were quantified using

Eagle Eye software (BioRad, Richmond, CA) and Kodak X-Omat™ Blue XB (NEN™, Life

Science Products). Actin or CK2 were used as respective loading controls.

Thioredoxin reductase activity and expression in control and selenite-treated DU-145 cells

TR activity was measured as previously described (21). Cell lysates were briefly incubated

with adenosine 2'5' di-phosphate beads that were pre-swollen in 15ml of water and rotated

for an hour at 4°C. The lysates mixed with the beads were rotated for one hour at 4°C.

Lysates were washed twice in 1ml 0.1M NaCl, 50mM HEPES, 5mM EDTA pH 7.6 and

50μl of 1M NaCl, 50mM HEPES, 5mM EDTA pH 7.6 was added to the beads and rotated

for one hour at 4°C. The supernatants obtained after centrifugation at 10,000g for five

minutes, were used to measure TR activity. TR activity was determined

spectrophotometrically at room temperature by the oxidation of NADPH at 339nm in the

presence of 15 μM recombinant human Trx and 1mg/ml bovine insulin.

Measurement of Trx and Glutathione (GSH) bioreduction capacity in DU-145 cells

To measure Trx and GSH bioreduction capacity in live cells a modified method described

by Biaglow et al. (22) was used. Briefly, DU-145 cells were treated with various

concentrations of sodium selenite for 5 days. In some experiments prior to the bioreduction

assay cells were treated with 1mM buthionine sulphoximine (BSO) for 2 hours to deplete

GSH. To perform the assay, cells were washed twice with incubation buffer (1X PBS

containing 5mM CaCl2, 10mM KCL, and 5mM MgCl2). Cells were then incubated at 37°C

in the incubation buffer supplemented with 5mM glucose plus vehicle, 5mM oxidized

lipoate or 5 mM hydroxyethyl disulfide (HEDS). Lipoate or HEDS freely diffuses into the

cells and are bioreduced primarily by the Trx or glutathione systems, respectively (23–26).

Following bioreduction the compounds diffuse back into the supernatant. Samples of the

supernatant were taken every 10 minutes for 1 hr and added to 5mM of 5,5'-

dithiobisnitrobenzoic acid (DTNB), which reacts rapidly with the reduced compounds.

Disappearance of DTNB was read on a spectrophotometer at 412 nm. This technique is able

to measure the following reactions as illustrated below as described in reference (22):
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[1]

[2]

[3]

Apoptosis measurement

Apoptosis was ascertained microscopically using Ethidium Bromide and Acridine Orange

(27). Briefly, cells were seeded in a 30mm plates at 1×105 cells for 24 hours until they

reached confluency. They were then treated with various concentrations of Sodium selenite

for 5 days. Both the floating and adherent cells were collected and centrifuged. They were

then washed in Phosphate Buffered Saline, pH 7.0 (PBS) and re-suspended in 1 ml of

DMEM media. To detect apoptosis, 10 μl of cells were mixed with Ethidium bromide and

Acridine Orange solution (100 μg/ml each in DMEM) and visualized for morphological

changes. Acridine orange stains the nuclei green in viable cells, and the propidium iodide is

excluded. However, in apoptotic or necrotic cells, the nuclei are stained red by the

propidium iodide, and the morphology of the nucleus easily determines whether the cell is

apoptotic or necrotic. A minimum count of 200 cells was counted and the percentage of

apoptotic cells determined. All experiments were performed in triplicates.

Statistical Analysis

Data are presented as means ± standard error. Significance was achieved with p-values

referred as * for p<0.01; ** for p<0.005 and *** for p<0.001.

Results

Sodium selenite increases thioredoxin reductase activity in prostate cancer cells

TR is a known selenoprotein and its activity can be regulated by seleno-compounds (8). We

have measured TR activity in control and sodium selenite-treated prostate cancer cells.

DU-145, LNCaP and PC-3 cells lines were grown in the presence of the indicated

concentration of sodium selenite (Se) for five days. Following this treatment, TR activity

was measured as described previously (8). TR activity was increased in a dose-dependent

manner in presence of increasing concentrations of sodium selenite in DU-145 cells (Figure

1A). In the presence of 10 μM selenite, TR was inhibited (data not shown), potentially

suggesting some level of toxicity. TR was not significantly modulated in the presence of

increasing concentrations of selenite in LNCaP and PC-3 cells. In fact the level of enzyme

activity was low in LNCaP as already observed by Lim and collaborators (18) who reported

a TR activity of three times lower than in PC-3 cells. TR activity was also constitutively

high in PC-3 (Figure 1A). Figure 1B is a representative western blot of TR protein

expression in DU-145, PC-3 and LNCaP cells after sodium selenite treatment. TR protein

expression was considerably increased in the presence of increasing concentration of

Berggren et al. Page 5

Nutr Cancer. Author manuscript; available in PMC 2014 June 09.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



selenite in DU-145 cells. However, LNCaP cells did not express detectable levels of TR and

sodium selenite treatment had no significant effect on TR expression and activity (Figure 1A

and B). In PC-3 cells, although a marked increase in the expression of TR was observed

following 1 μM treatment, the measure of TR activity did not correlate with this increase.

These results may reflect other RedOx systems being measured using this technique.

Nonetheless, we show TR expression and activity is significantly increased by sodium

selenite in DU-145 cells. The increase in thioredoxin reductase activity has been shown to

occur over a range of Se concentrations from <0.01 to 10 μM (28), which encompasses the

range of Se concentrations found in human serum (between 1 and 5 μM) (29).

We next measured glutathione (GSH) peroxidase activity in these same cells. GSH

peroxidase activity was increased by a factor of 8 in PC-3 upon increasing concentrations of

sodium selenite (Figure 2). This observation could explain, at least in part, the high TR

activity measured in Figure 1A. In DU-145 and LNCaP cells, GSH peroxidase was slightly

increased by sodium selenite in a dose dependent manner. However, this increase was

considered as negligible when compared to the increase observed in PC-3 cells. In all the

three cell lines tested, higher concentrations of sodium selenite (10 μM) were shown also to

become toxic (data not shown). In conclusion, we showed that sodium selenite increases TR

in DU-145 cells and that increase in not due to GST peroxidase activity.

Sodium Selenite increases the RedOx rate of Trx in DU-145 prostate cancer cells
independently of GSH

We have shown previously that the covalent interaction between Trx and PTEN occurs via

disulfur bridges between Cys-32 of Trx and Cys-212 of the C2 domain of PTEN (14).

Because TR activity was increased by sodium selenite, the bioreduction capacity of the Trx

system was determined using lipoate as a substrate in DU-145 cells (Figure 3A). The rate of

lipoate bioreduction is known to be primarily coupled to Trx as described previously (23–

26). As observed with TR activity, increasing concentrations of sodium selenite increases

the bioreduction rate of lipoate in a dose dependent manner in DU-145 cells (Figure 3A).

Incubation of DU-145 cells with 0.1 or 1.0 μM sodium selenite increased the rate of lipoate

bioreduction by 36% and 75%, respectively as compared to control. Depletion of GSH by

BSO did not affect the rate of lipoate bioreduction, confirming that GSH was not

contributing to the reaction and that selenite specifically acts on the Trx system. These data

strongly suggest that the RedOx rate of Trx is increased and that Trx may not be available to

bind PTEN. The specificity of the selenite was further confirmed using the HEDS in the

bioreduction assay (Figure 3B). The bioreduction of HEDS, which is primarily mediated by

GSH was unaffected by selenite (Figure 3B) and further indicates that sodium selenite

specifically increased TR expression and its activity in DU-145 prostate cancer cells. Taken

together, selenite increases TR expression and activity leading to an increase in the RedOx

rate of Trx.

Sodium selenite increases PTEN lipid activity in DU-145 cells

We have recently reported that Trx binds to PTEN in a RedOx-dependent manner and

inhibits its lipid phosphatase activity (14,15). Moreover, TR is a selenium-dependent

enzyme and increasing concentrations of sodium selenite increase TR expression and
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activity (Figure 1 and reference 8). Consequently, we hypothesized that by increasing TR

activity via increasing amounts of sodium selenite, the RedOx rate of Trx increases in the

cells. Trx would then not have been able to interact with PTEN and thus would allow the

lipid phosphatase to be active. In order to test this hypothesis, DU-145 cells were treated

with increasing amounts of sodium selenite and PTEN lipid phosphatase activity was

measured as previously described (20). Figure 4A summarizes the effects of sodium selenite

in DU-145 cells on PTEN lipid phosphatase activity using phosphatidyl-myo-inositol(3,4,5)-

trisphosphate as substrate. PTEN activity from these cells was significantly increased by

sodium selenite in a dose-dependent manner. There was no change in PTEN protein

expression in DU-145 cells in presence of selenite as compared to control cells (Figure 4A,

insert).

To test whether this interaction is also dependent of TR activity, we used pleurotin (i.e.

NSC131233, reference 19), a known inhibitor for TR and measured PTEN lipid phosphatase

activity in DU-145 cells (Figure 4B). Cells were pre-treated with sodium selenite (1μM),

pleurotin (5μM) or the combination, and PTEN lipid phosphatase was measured in DU-145

cells. As shown in Figure 4A, sodium selenite increased PTEN activity. Pleurotin decreased

PTEN activity and the combination was able to restore PTEN activity to its basal activity as

compared to control non-treated cells. Therefore, sodium selenite regulates PTEN activity

which may be in part via the activation of the Trx-TR system in DU-145 prostate cancer

cells.

Sodium selenite inhibits Akt phosphorylation and induces apoptosis in prostate cancer
cells

We have shown that PTEN lipid phosphatase is activated following sodium selenite

treatment in DU-145 prostate cancer cells. Activation of PTEN has been correlated with a

decrease in Akt activation in cells and an increase in apoptosis (30). In order to correlate the

activity of PTEN with that of Akt, we have treated DU-145 cells with sodium selenite for

five days and measured sodium-selenite induced apoptosis as well as the phosphorylation

status of Akt. The results are summarized in Figure 5. A statistically significant increase in

apoptosis was observed following 1μM and 5μM sodium selenite treatments in DU-145 cells

(Panel A). As already shown by Menter et al (31), apoptosis was also confirmed by

monitoring PARP cleavage following 5μM sodium selenite treatment in these cells (Panel

B). A dose dependent decrease in Akt phosphorylation on Ser473 was also observed in

sodium selenite-treated DU-145 cells (Insert, Panel A). These observations are in agreement

with the increase in PTEN activity, correlating with a decrease in Akt phosphorylation

leading to the induction of apoptosis in DU145 cells. In conclusion, we showed that sodium

selenite treatment caused a decrease in Akt phosphorylation and a significant increase in

apoptosis in DU-145 cells.

Sodium selenite modulates PTEN activity also via Casein Kinase 2 in DU-145 prostate
cancer cells

PTEN activity has been recently shown to be strongly regulated by its phosphorylation

status (16–17). Because sodium selenite is also known to affect the expression as well as the

activity of several enzymes, we have also tested the effects of sodium selenite on PTEN
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phosphorylation status in DU-145 cells using specific phospho-antibodies as well as the

expression of the kinases involved in the phosphorylation of PTEN. Phosphorylation on

Ser380/Thr382/383 was slightly decreased in a dose dependent manner but phospho-Ser380-

PTEN remained unchanged in the presence of increasing concentrations of selenite (Figure

6A). Phospho-Ser370-PTEN appeared to increase slightly upon selenium treatment.

Therefore we hypothesized that the activity of the kinases involved in the phosphorylation

and regulation of PTEN activity may be also affected by sodium selenite.

More specifically, we investigated the expression levels as well as the activity of CK2, a

kinase known to phosphorylate PTEN (32). DU-145 cells expressed high levels of CK2 as

compared to LNCaP and PC-3 cells (Figure 6B). Moreover, the addition of 1μM of Se

increased pSer209-CK2 levels only in DU-145 cells and reduced it in the other cell lines. The

activity of CK2, as measured by the ratio of phospho-Ser209-CK2 over total CK2, was

significantly increased in DU-145 following 1μM of selenite treatment (Figure 7A).

Apigenin, a known inhibitor of CK2 (33), was also shown to reduce phospho-Ser209-CK2

and confirmed its inhibitory effects on the kinase (Figure 7B). Apigenin-induced inhibition

could partially be rescued by 1μM of selenite. CK2 is one of the kinase that phosphorylates

PTEN and stabilizes the protein in an active form (32). Thus, to test the hypothesis that by

increasing the activity of CK2 sodium selenite could also modulate the activity of PTEN,

DU-145 cells were pre-treated with Se and then incubated with apigenin or vehicle control.

Panel C represents a representative western blot correlating the phosphorylation status of

PTEN, AKT and CK2. We show that phospho-Ser209-CK2 remains high in presence of 1

μM selenite and that consequently phospho-Ser370-PTEN is also high correlating with a low

phosphor-Ser473-AKT. Apigenin decreased CK2 phosphorylation, which in turns also

decreased Ser380/Thr382/383-PTEN phosphorylation as well as Ser473-Akt. Although these

phosphorylation sites on PTEN have been suggested to act to facilitate PTEN

phosphorylation on other residues but do not affect the lipid phosphatase activity, they may

play a role in selenite-mediated effects on the PTEN/Akt pathway in prostate cancer cells.

Discussion

Epidemiological studies have shown that there is a consistent trend for populations residing

in geographic areas that have low sodium selenite levels in the soil to have a high mortality

from cancer. Other studies showed a lower risk for prostate cancer in individuals with

selenium supplementation (34) and higher serum selenium concentrations correlates with a

moderately reduced risk of prostate cancer (35). These cancers include cancers of the

bladder, pancreas, thyroid, stomach, lung, esophagus, melanoma, head and neck tumors, and

brain tumors. More specifically, several studies have suggested a protective role of sodium

selenite against several cancers including prostate cancer (reviewed in 36). In an attempt to

better understand the protective effects of Se on prostate cancer cells, we have studied the

effects of sodium selenite on the regulation of the cell survival pathway,

phosphatidylinositol-3 kinase/Akt/PTEN. Previously, we have shown in cell culture systems

that human Trx binds in a RedOx dependent manner to PTEN and inhibits its PtdIns-3-

phosphatase activity, resulting in increased Akt activation (14). Molecular docking and site-

specific mutation studies showed that the binding of hTrx to PTEN occurs through a

disulfide bond between the active site Cys32 of hTrx and Cys218 of the C2 domain of PTEN
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leading to steric interference by bound Trx of the catalytic site of PTEN and of the C2 lipid

membrane-binding domain (14). Se is an essential element in RedOx pathways and acts as

an effective oxidant of bioreduced Trx and bioreduced TR, which diminishes the Trx-TR

pool. This important role of sodium selenite may explain its inhibitory influence on cell

growth and cancer progression (31). Consequently, we have hypothesized that by

modulating the Trx-TR RedOx system endogenously with sodium selenite, PTEN activity

can be regulated in prostate cancer cells. We show that sodium selenite decreases Akt

phosphorylation by increasing PTEN lipid phosphatase activity in DU-145 cells. Consistent

with others, it has been shown that sodium selenite induces a dose-dependent growth

inhibition of prostate cancer cells such as DU-145, PC-3, and LNCaP (31) and an induction

of apoptosis in selenite-treated prostate cancer cells (31). Our observations are in agreement

with these studies and confirm the inhibitory effects of sodium selenite on Akt

phosphorylation, leading to the increase in apoptosis. However, we show here that it is by

releasing PTEN from the inhibitory binding of Trx, that Se treatment leads to a decrease in

Akt phosphorylation and consequently to apoptosis in DU-145 cells.

In this study, we also showed that selenite increased the activity of a kinase involved in

PTEN phosphorylation and thereby regulating the tumor suppressor's activity in these cells.

In the DU-145 prostate cancer cells which express an active PTEN (37) we expected a

bigger effect on Akt, however Akt phosphorylation was only slightly decreased in the

presence of sodium selenite. The reason for these observations may reflect the dual role of

CK2. CK2 is a ubiquitous serine/threonine kinase which regulation and function is not well

understood yet (38). Originally CK2 was defined as a constitutively active protein kinase

though recently several reports suggest that CK2 acts as a regulated kinase participating in

signal transduction. Indeed, CK2 was recently identified as the kinase that phosphorylates

the C-terminus of PTEN on residues Ser385 and Ser370 (32, 39–40). CK2 has been

demonstrated to also phosphorylate PTEN on Ser380 and thereby affects its stability (32).

The phosphorylation by CK2 hinders the cleavage of PTEN by caspases. On the other hand,

CK2 also phosphorylates at Ser129 of Akt and up-regulates Akt activity in Jurkat cells (41).

In this study, we showed that CK2 activity is increased upon selenite treatment. The increase

in phosphorylation of CK2 may translate itself in an increase in Ser129 phosphorylation of

Akt, leading to an increase in Akt activity, and thereby counterbalancing the effects of

selenite on PTEN activity via the Trx-TR system. Interestingly, using apigenin, an inhibitor

for CK2, we showed that the decrease in Akt phosphorylation due to the increase in PTEN

activity can be enhanced. This suggests that up-regulation of CK2 activity with selenite may

contribute to the observed decrease in the effects of selenite on Akt. Therefore, although we

observed an increase in phosphorylation status of CK2, overall the effects of sodium selenite

are counteracted by the fact that CK2 directly phosphorylates Akt to increase its activity and

its phosphorylation status at Ser473.

Sodium selenite may modulate the activity of protein kinases and other enzymes through

phosphorylation-independent mechanisms such as RedOx modification. In this study, we

show that sodium selenite increased CK2 activity in prostate cancer cells. The regulation of

this enzyme is then affecting PTEN activity because it has been recently found to

phosphorylate PTEN and influence the stability and the activity of the tumor suppressor.

Interestingly, recent studies using apigenin showed that the down-regulation of CK2 in
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prostate cancer cells promotes apoptosis (42). These observations correlate well with our

study presented in this paper. Finally, although apigenin's mechanism of action remains to

be clearly established and probably extends beyond the inhibition of CK2, the novel finding

that Se increases CK2 activity, which in turn can affect PTEN activity is of interest for the

treatment of prostate cancer.

In conclusion, we have demonstrated that the regulation of PTEN activity may be achieved

at least in part via the modulation of the Trx-TR system by selenite as well as the RedOx

properties of the kinases involved in PTEN phosphorylation. These results may explain at

least in part the chemopreventive effects of sodium selenite in prostate cancers. However,

they also suggest the importance of PTEN status (expression as well as phosphorylation) in

predicting the therapeutic effects of sodium selenite.
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Figure 1. Thioredoxin reductase activity is increased by sodium selenite in DU-145 prostate
cancer cells
Prostate cancer cells (DU-145, PC-3 and LNCaP) were treated for 5 days with 0.1 or 1.0μM

sodium selenite. TR activity was measured as described in the Materials and Methods

Section (Panel A). TR was increased significantly in a dose dependent manner by sodium

selenite in DU-145 cells. Bars represent means ± SE from two independent experiments

performed in triplicate (n=6). Significance was achieved with ** for p<0.01 and *** for

p<0.001. Panel B represents the expression of TR in DU-145, PC-3 and LNCaP prostate

cancer cells following 0.1 and 1.0 μM sodium selenite treatment. Note the large increase in

TR protein expression in DU-145 cells as compared to LNCaP and PC-3 upon sodium 1.0

μM selenite treatment.
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Figure 2. Effect of sodium selenite on glutathione peroxidase activity
DU-145, PC-3 and LNCaP prostate cancer cells were treated with various concentrations of

sodium selenite for 5 days at the indicated concentrations. The graph represents the activity

of glutathione peroxidase as measured by the amount of reduced NADPH produced/min/mg

of total protein/sample. Note that the level of glutathione peroxidase activity remains low in

DU-145 and LNCaP cells as compared to the level in PC-3 cells.
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Figure 3. Effect of sodium selenite on Trx and GSH bioreduction capacity
DU-145 cells were treated with various concentrations of sodium selenite for 5 days at the

indicated concentrations. Panel A, DU-145 cells were treated with sodium selenite for 5

days and BSO at 1mM for 1 hour prior to the bioreduction assay. Cells were incubated with

buffer containing 5mM glucose plus vehicle, or 5mM oxidized lipoate. The rate of Trx

bioreduction was determined using 6 measurements over a 1hr period in duplicate treatment

samples. Note that Trx's bioreduction potential increased significantly upon sodium selenite

treatment. Bars represent means ± SE from three independent experiments performed in

triplicate. Significance was achieved with *** represents significance at p< 0.001, when

compared to respective vehicles or # represents significance at p< 0.01, when compared to

lipoate reduction in control. Panel B, DU-145 cells were treated with sodium selenite for 5

days then cells were incubated with buffer containing 5mM glucose plus vehicle or 5mM

HEDS. Note that there was no affect of selenite on GSH bioreduction. Bars represent means

± SE from three independent experiments performed in duplicate.
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Figure 4. PTEN lipid phosphastase is increased by sodium selenite via the Trx-TR system
Panel A represents PTEN lipid phosphatase activity as measured by the release of nmoles of

phosphate from the substrate PtdIns-3,4,5-P3 as described in the Materials and Methods

section. Note that increasing concentrations of sodium selenite stimulates PTEN lipid

phosphatase activity in DU-145 cells. Inset shows the total PTEN protein expression in the

corresponding samples as compared to internal control, β-actin. Panel B represents PTEN

activity following 1μM sodium selenite, 5μM pleurotin (an inhibitor of TR) or the

combination treatment. The combination treatment restores PTEN activity back to basal

activity as compared to that in control cells. Bars represent means ± SE from three

independent experiments performed in triplicate. Significance was achieved with *** for

p<0.001.
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Figure 5. Sodium selenite inhibits Akt activation, induces apoptosis and PARP cleavage in
DU-145 prostate cancer cells
The insert of Panel A represents a typical western blot for the inhibition of Akt

phosphorylation by increasing concentrations of sodium selenite in DU-145 cells. Briefly,

cells were lysed and phosphorylated Akt was detected using specific anti-phospho-Ser473-

Akt. Akt phosphorylation was decreased in the presence of increasing concentration of

sodium selenite in DU-145 cells, correlating with the increase in PTEN lipid phosphastase

activity. The graph in Panel A represents the induction of apoptosis in DU-145 cells by

selenite as measured by the morphological assay described in the Materials and Methods

section. Bars represent means ± SE from two independent experiments performed in

triplicate. Significance was achieved with ** for p<0.01. Panel B represents a typical

western blot for the cleavage of PARP by increasing concentrations of sodium selenite in

DU-145 cells. Actin was used a loading control. Note the lower band appearing in cells

treated with 5 μM selenite, which corresponds to cleaved PARP and induction of apoptosis

(Panel A).
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Figure 6. Sodium selenite modulated PTEN phosphorylation in DU-145 cells
DU-145 cells were treated with increasing concentrations of sodium selenite for 5 days.

Cells were lysed and samples were probed for PTEN phosphorylation using specific

phospho-antibodies. Panel A represents a typical Western blot for PTEN phosphorylation on

residues Ser380/Thr382/383, PTEN phosphorylation on Ser380 and on Ser370 as compared to

loading control with β-actin. Note the decrease in PTEN phosphorylation with 5μM of

Sodium selenite on Ser380/Thr382/383 and a slight increase in PTEN phosphorylation on

Ser370. Panel B represents the expression and the phosphorylation status of CK2 involved in

the phosphorylation of PTEN following increasing concentrations of sodium selenite in

DU-145, LNCaP and PC-3 prostate cancer cells. Cells were treated with 1μM of Se. Note

the high levels of CK2 and phospho-(Ser209)-CK2 in DU-145 cells as compared to the other

cell lines.
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Figure 7. Sodium selenite increases the activity of CK2 in DU-145 cells
DU-145 cells were treated with different concentrations of sodium selenite for 5 days. Cells

were lysed and samples were probed for phospho-Ser209CK2 and total CK2 using specific

phospho-and total antibodies. Panel A represents the quantification of five separate

experiments. Note the significant increase in the ratio phospho-Ser209CK2/Total CK2

following Se treatment in DU-145 cells. Bars represent means ± SE from five independent

experiments performed in triplicate. Significance was achieved with *** for p<0.001. The

inset in Panel B represents a typical western blot, where phospho-Ser209-CK2, total CK2

and β-actin were probed following treatment of the cells with Se with or without 60μM of

apigenin. The graph represents the quantification of the typical western blot shown in the

inset. Note that apigenin counteracts the effects of Se on CK2 phosphorylation. Panel C
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represents a typical western blot from DU-145 cells that were pre-treated with increasing

concentrations of Se and then incubated with apigenin or vehicle control. Specific anti-

phospho-Ser209CK2, phospho-Ser473Akt, phospho-Ser370PTEN and phospho-Ser380/

Thr382/383PTEN antibodies were used to probe the membrane. Note that Se induces CK2

and PTEN phosphorylation (Ser380/Thr382/383) and decrease Akt phosphorylation. Se can

also partially rescue the effects of apigenin on CK2.
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