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Estrogen action is mediated by the two receptor isoforms: estrogen receptor alpha and beta. Both recep-
tors are expressed in human prostate tissue and have different action profiles. ERalpha is positively
correlated with the malignancy of prostate cancer, while ERbeta may protect against abnormal prostate
cell growth. 173-Estradiol (E2), at least in part, induces cancerous transformations by causing deleterious
mutations through the formation of reactive oxygen species (ROS).

The aim was to study the effect of E2 on oxidative stress and the expression of uncoupling proteins
(UCPs) and antioxidant enzymes in several prostate cancer cell lines with different ERalpha/ERbeta ratios.

The cell prostate lines with a lower ERalpha/ERbeta ratio had lower oxidative stress, which could be
partially explained by the increased expression of antioxidant enzymes and UCPs. Moreover, the action of
E2 on the expression of antioxidant enzymes and UCPs was dual and dependent on the ERalpha/ERbeta
ratio. Treatments with 0.1 nM E2 in cell lines with high ERalpha/ERbeta ratio produced a decrease in
antioxidant enzymes and UCPs levels, with an increase in ROS production. These effects disappeared
when the treatment was done in the presence of an ERalpha antagonist (MPP). In the cell lines with
greatest levels of ERbeta and the lowest ERalpha/ERbeta ratio, E2 treatment caused the up-regulation of
antioxidant enzymes and UCPs with a look-up decrease in ROS production. These effects were reversed
when the cells were treated with E2 in the presence of an ERbeta antagonist (R,R-THC).

On the whole, our results suggest a dual E2 effect; increasing or decreasing oxidative stress in part by
modulation of UCPs and antioxidant enzymes according to the abundance ERbeta and ERalpha/ERbeta
ratio in prostate cancer cell lines.
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1. Introduction

Prostate cancer is the most common cancer in men and the sec-
ond leading cause of cancer death [1]. In industrialized nations,
prostate cancer incidence is on the increase, although the num-
ber of deaths has declined [2,3]. Epidemiological and experimental
studies suggest that estrogens may have cancerogenic and chemo-
preventative effects on the prostatic epithelium [4,5]. Estrogen
action is mediated by specific nuclear receptors that regulate tran-
scription of the target genes by binding to their DNA response
elements. Estrogen action is mediated by two receptors, ERalpha
and ERbeta, which are often antagonistic to one another [6]. Estro-
gen via ERalpha stimulates proliferation in the breast, uterus, and
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developing prostate, while estrogen via ERbeta inhibits prolifera-
tion and promotes differentiation in the prostate, mammary gland,
colon, lung, and bone marrow stem cells [6].

Both ERalpha and ERbeta receptors are expressed in human
prostate tissue [7,8]. The function of ERalpha, the classical recep-
tor, has been thoroughly studied and several groups have reported
greater ERalpha expression in cancer specimens than in benign
hyperplasia and normal prostate tissue. These data are consistent
with other reports in which abundance of ERalpha is positively cor-
related with the malignancy of prostate cancer [9,10]. Nevertheless,
recent reports have shown a frequent loss of ERbeta expression in
prostate cancer samples relative to normal prostatic tissue [11,12].
In the primary prostate tumor sites, ERbeta is strongly expressed in
low grade prostate carcinoma and is markedly diminished in higher
grade tumors [11-13]. These data suggest that ERbeta may protect
against abnormal prostate cell growth [11,14]. In fact, even the use
of ERbeta agonists has been suggested as a therapy to prevent grade
progression in prostate tumors [6].

In the prostate, estrogens have been described to induce can-
cerous transformation by their genotoxic metabolites, and in part,
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these metabolites may directly induce genomic damage or via
the formation of reactive oxygen species (ROS) [15]. During the
onset of cancer, ROS may cause DNA damage and mutagenesis,
and they also have a role as secondary messengers, stimulating
proliferation while inhibiting apoptosis, which confers a growth
advantage to established cancer cells [16,17]. In breast cancer,
it has been suggested that 173-estradiol (E2) induced oxidative
stress that resulted from a modulation of antioxidant enzyme status
through an estrogen receptor (ER)-dependent mechanism [15,18].
Recently, in our laboratory, we have found that E2, through an
ER-dependent mechanism, may increase mitochondrial ROS pro-
duction by repressing the uncoupling proteins (UCPs) [19]. UCPs
are a family of inner mitochondrial membrane proteins whose
function is to allow the re-entry of protons into the mitochondrial
matrix by dissipating the proton gradient by subsequently decreas-
ing membrane potential and ROS production. In these last years,
it has described the importance of these proteins in both cancer
development and progression [20].

It is of interest to investigate whether E2 influenced UCPs
expression and consequently oxidative stress in prostate cancer
cells with a different ERalpha/ERbeta ratios. To tackle this aim, the
effect of E2 on oxidative stress, antioxidant enzymes and uncou-
pling protein expression was analysed in several prostate cancer
cell lines with different endowment levels of ERalpha and ERbeta
which were concretely: VCaP cancer cell lines with a high ERal-
pha/ERbeta ratio, DU145 cell lines that only express ERbeta, and
PC3 cell lines with an average of ERalpha/ERbeta ratio.

2. Materials and methods
2.1. Materials and reagents

173-Estradiol (E2), genistein and testosterone were
purchased from Sigma-Aldrich (St. Louis, MO, USA). 1,3-
Bis(4-hydroxyphenyl)-4-methyl-5-[4-(2-piperidiniylethoxy)
phenol]-1H-pyrazole dihydrochloride (MPP) and (R,R)-5,11-
diethyl-5,6,11,12-tetrahydro-2,8-chrysenediol (R,R-THC) were
purchased from Tocris (Ellisville, MO, USA). Antisera against
uncoupling protein 2 (UCP2) and uncoupling protein 5 (UCP5)
were purchased from Alpha Diagnostic International (San Anto-
nio, TX, USA); catalase and glutathione peroxidase (GPx) from
Calbiochem (San Diego, CA, USA); ERalpha, ERbeta and actin from
Santa Cruz Biotechnology (Santa Cruz, CA, USA) and antisera
against 4-hydroxy-2-nonenal (HNE) were purchased from Alpha
Diagnostic International (San Antonio, TX, USA). Routine chemicals
were supplied by Roche (Barcelona, Spain), Sigma-Aldrich, Panreac
(Barcelona, Spain), and Bio-Rad Laboratories (Hercules, CA, USA).

2.2. Cell culture and treatments

Prostate cancer cell lines VCaP, PC3 and DU145 were purchased
from the ATCC and maintained in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10% foetal bovine serum
(FBS), 1% antibiotics (penicillin and streptomycin) in 5% CO; in air
at 37°C. To evaluate the effects of E2, testosterone, genistein, MPP
and R,R-THC cells were grown in phenol red-free DMEM contain-
ing 10% charcoal-stripped FBS 24 h before treatment. Experiments
were performed when cell cultures reached confluence by pro-
viding fresh medium supplemented with 1 nmol/L testosterone or
1 wM genistein or 0.1 nmol/L E2 with or without MPP (1 wM) and
R,R-THC(1 wM) for 48 h. Cell lysates were obtained by scraping cells
in lysis buffer (20 mM Tris-HCI, 1.5 mM MgCl,, 140 mmol/L NaCl,
0.5%, Nonidet P-40, 10% glycerol, 1 mmol/L EGTA, 1 mmol/L NaVOs,
1 mmol/L phenylmethylsulfonyl fluoride, 10 .g/ml leupeptin, and
10 pg/ml pepstatin; pH 7.4). Protein content was measured with a
BCA protein assay kit (Pierce, Bonn, Germany).

2.3. Measurement of carbonyl content

Carbonyl groups were quantified using the Oxyblot protein oxi-
dation detection kit (Chemicon, Chandlers Ford, UK). Derivatization
by 2,4-dinitrophenylhydrazine (DNPH) was carried out for 15 min
on 5 g of total cell lysate protein following the manufacturer’s
instructions. Proteins were transferred onto nitrocellulose mem-
brane by means of a slot-blot system (Bio-Rad). After incubation
with anti-DNP antibody, bands were visualized using Immun-Star
Western C Kit reagent (Bio-Rad). The chemiluminescence signal
was captured with a Chemidoc XRS densitometer (Bio-Rad) and
analysed with Quantity One software (Bio-Rad). To ensure speci-
ficity, the oxidized proteins provided by the kit were included as a
positive control. Treatment of sample with a control solution served
as a negative control for DNPH derivatization.

2.4. Measurement of 4-hydroxy-2-nonenal

For 4-hydroxy-2-nonenal (HNE) analysis, 5 g of protein from
cell lysate was transferred onto nitrocellulose membrane by means
of a slot-blot system (Bio-Rad). Membrane was incubated in a
blocking solution of 5% nonfat powdered milk in 20 mM Tris-HCl,
0.13mM Nacl, and 0.1% Tween 20. Antisera against 4-HNE were
used as primary antibody. Bands were visualized using the Immun-
Star Western C Kit reagent (Bio-Rad). The chemiluminescence
signal was captured with a Chemidoc XRS densitometer (Bio-Rad)
and analysed with Quantity One software (Bio-Rad).

2.5. Western blotting

For Western blot analysis, 40 g of protein from cell lysate was
fractioned by SDS-PAGE (12% polyacrylamide gel) and electrotrans-
ferred onto nitrocellulose filters. Membranes were incubated in a
blocking solution of 5% nonfat powdered milk in 20 mM Tris-HCl,
0.13 mM Nacl, and 0.1% Tween 20. Antisera against UCP2 (32 kDa,
Primary Ab 1:500), UCP5 (36kDa, Primary Ab 1:500), Catalase
(60kDa, Primary Ab 1:1000), glutathione peroxidase (22.5kDa,
Primary Ab 1:500), ERalpha (66 kDa, Primary Ab 1:1000), ERbeta
(54 kDa, Primary Ab 1:200) and actin (45 kDa, Primary Ab 1:1000)
(such as housekeeping) were used as primary antibodies. A nega-
tive control without primary antibody template was run in each
assay. Protein bands were visualized by the Immun-Star West-
ern C kit reagent (Bio-Rad) Western blotting detection system.
The chemiluminescence signal was captured with a Chemidoc XRS
densitometer (Bio-Rad) and analysed with Quantity One software
(Bio-Rad).

2.6. Real-time RT-PCR analysis

Total RNA was isolated from cultured cells using TriPure iso-
lation reagent and quantified using a spectrophotometer set at
260 nm. One microgram of the total RNA was reverse transcribed
to cDNA at 42 °C for 60 min with 25U MulV reverse transcriptase
in a 10-pl volume of retrotranscription reaction mixture con-
taining 10 mM Tris-HCI (pH 9.0), 50 mM KCl, 0.1% Triton X-100,
2.5mM MgCly, 2.5 pMrandom hexamers, 10 U RNase inhibitor, and
500 wM each dNTP. Each cDNA was diluted to 1/10 and aliquots
were frozen (—70°C) until the PCRs were carried out.

Real-time PCR was done for seven target genes, UCP1, UCP2,
UCP3, UCP4, UCP5, catalase and GPx; and one housekeeping gene:
18S ribosomal RNA (18S).

PCR was carried out using SYBR green technology, purchased
by Sigma-Aldrich, on a LightCycler rapid thermal cycler (Roche
Diagnostics, Basel, Switzerland). Total reaction volume was 10 pl,
containing 5 pl SYBR Green JumpStart Taq ReadyMix (containing
20mM Tris-HCI, pH 8.3, 100mM KCI, 0.4 mM each dATP, dCTP,
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dGTP, TTP, glass passivator, stabilizers, 0.05U/ul Tag DNA Poly-
merase, JumpStart Taq antibody, and SYBR Green I dye), 0.5 uM
of the sense and antisense primers, 2 mM MgCl,, and 3 pl of the
cDNA template. The amplification program consisted of a preincu-
bation step for denaturation of the template cDNA (2 min, 94°C),
followed by 40 cycles consisting of a denaturation step (15, 94 °C),
and annealing, extension and read fluorescence step (1 min, 60°C
for UCP2, UCP5 and catalase; 61 °C for UCP1, UCP3, UCP4 and 18S;
and 66 °C for GPx). A negative control without cDNA template was
run in each assay.

The primers used were forward 5'-CTTGGTGTCGGCTCTTATCG-
3’ and reverse 5'-CCGTTGGTCCTTCGTTAGTG-3’ for UCP1, forward
5-GGTGGTCGGAGATACCAAAG-3 and reverse 5'-CTCGGGC-
AATGGTCTTGTAG-3' for UCP2, forward 5-GGGATTCTGGTCTT-
CACTGC-3 and reverse 5-TCCAACCTTCCATTITGTCC-3' for
UCP3, forward 5-GCGACAAGGAGTGCGTTATC-3' and reverse
5'-ATCCAGGGGAAAGGTTGCTA-3’ for UCP4, and forward 5'-
CAAGCCGTTGGTCTCCTAAG-3' and reverse 5'-CGTTTTCAAT-
GTCACCCATC-3’ for UCP5, forward 5'-CATCGCCACATGAATGGATA-
3’ and reverse 5-CCAACTGGGATGAGAGGGTA-3’ for CAT, forward
5-GCGGCGGCCCAGTCGGTGTA-3'and reverse 5-GAGCTTGGGGT-
CGGTCATAA-3' for GPx, and forward 5-GGACACGGACAGGATTGA-
CA-3’ and reverse 5'-ACCCACGGAATCGAGAAAGA-3' for 18S.

The Ct values of the real-time PCR were analysed, taking into
account the efficiency of the reaction and referring the results to
the total DNA amount, using the GenEx Standard Software (Multi-
DAnalises, Sweden).

2.7. Cell proliferation assay

Cells were plated at 5000 cells per well in 96-well plates in phe-
nol red-free DMEM supplemented with 10% FBS and 1% antibiotics
(penicillin and streptomycin) in 5% CO, in air at 37 °C and shifted to
phenol red-free DMEM 10% charcoal-FBS 1% antibiotics (penicillin
and streptomycin) 24 h before treatment with E2 or testosterone
during 48h. After treatment, 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT; 0.5 mg/ml) was added and
plates were incubated for 1h at 37°C. The medium was removed
and formazan crystals were dissolved by adding 100 .l dimethyl
sulfoxide (DMSO). Absorbance of the converted dye was mea-
sured at 570 nm with background subtraction at 620 nm using a
microplate reader (Power Wave XS, BIO-TEK).

2.8. Measurement of ROS production

Cells were plated at 5000 cells per well in 96-well plates in phe-
nol red-free DMEM supplemented with 10% FBS and 1% antibiotics
(penicillin and streptomycin) in 5% CO, in air at 37 °C and shifted
to phenol red-free DMEM 10% charcoal-FBS 1% antibiotics (peni-
cillin and streptomycin) 24 h before treatment with E2, genistein
or E2 with MPP or RR-THC during 48 h. After treatment, 10 uM
2/, 7’-dichlorofluorescein diacetate (DCFDA) was added and plates
were incubated for 90 min at 37 °C. Assay was performed at 37 °C
in a 96-well microplate fluorimeter FLx800 (BIO-TEK instruments,
Winooski, VT, USA). Hydrogen peroxide production was assayed by
measuring the increase in fluorescence (485 nm excitation, 530 nm
emission).

To correct the effect of treatment in the proliferation 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT;
0.5 mg/ml) was added and plates were incubated for 1h at 37°C.
The medium was removed and formazan crystals were dissolved
by adding 100wl dimethyl sulfoxide (DMSO). Absorbance of
the converted dye was measured at 570nm with background
subtraction at 620 nm using a microplate reader (Power Wave XS,
BIO-TEK).

Table 1
Effect of E2 on VCaP, PC3 and DU145 cell proliferation.
VCaP PC3 DU145
Control 100 + 1.7 100 + 3.1 100 + 8.3
E2 112 + 3.17 96 + 1.9 100 + 2.2
T 113 +£ 3.8
E2+T 117 £ 2.5

Data represent the means+SEM (n=6). Values of control (vehicle-treated) cells
were set at 100. E2, 17B3-estradiol 0,1 nM; T, testosterone 1 nM.

" Significant difference between treated and vehicle-treated cells (Student’s t-
test; P<0.05, n=6).

2.9. Measurement of ROS levels by flow cytometry

Cells were stained with 10 wM 2',7’-dichlorofluorescein diac-
etate (DCFDA) for 15 min, washed with PBS containing 10 mM
glucose, and analysed immediately using an Epics XL flow cytome-
ter (Beckman-Coulter, Miami, FL, USA). The green fluorescence was
measured using the FL-1 setting (log mode) after the cell debris was
electronically gated out. 10,000 events were acquired and analy-
sis was performed with Expo32 ADC analysis software (Beckman
Coulter, Miami, FL).

2.10. Analysis of mitochondrial membrane potential (MMP) by
flow cytometry

Cells were stained with 250 nM tetramethylrhodamine methyl
(TMRM) ester for 15 min, washed with PBS containing 10 mM glu-
cose, and analysed by flow cytometry as described above. TMRM
is a lipophilic cationic dye that accumulates within mitochondria
according to the MMP. The red fluorescence was measured using
the FL-2 setting (log mode) after the cell debris was electronically
gated out. In each analysis, 10,000 events were recorded and anal-
ysed with Expo32 ADC analysis software (Beckman Coulter, Miami,
FL).

2.11. Statistical analysis

All data were expressed as means + SEM from at least three inde-
pendent experiments performed in duplicate. Statistical analysis
was carried out using the Statistical Program package (SPSS 18.0
for Windows, Inc., Chicago, IL, USA). Statistical differences between
experimental groups were analysed with unpaired Student’s t-test.
Alevel of P<0.05 was accepted as significant.

3. Results
3.1. Effect of E2 on VCaP PC3 and DU145 cell proliferation

E2 treatment (0.1 M) increased the proliferation of VCaP and
had no effect on the proliferation of other prostate cancer cell lines
studied (Table 1). Due to the presence of androgen receptor in VCaP
cells, the effect of testosterone (1nM) alone and in combination
with E2 also had been evaluated in this cell line with no difference
between treatments.

3.2. VCaP, PC3 and DU145 prostate cell lines characterization

The protein levels of estrogen receptor isoforms ERalpha and
ERbeta were determined to characterize the prostate cancer cell
lines used in this study: VCaP, PC3 and DU145 (Table 2 and Fig. 1).
No differences between VCaP and PC3 cancer cell lines were found
in ERalpha. In DU145 the levels of ERalpha were undetected (see
Fig. 1). ERbeta protein levels were statistically different between all
cell lines, with VCaP cells presented the lower levels, PC3 the higher
levels (206% considering VCaP as 100%) and DU145 intermediate
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Table 2 Table 3
VCaP, PC3 and DU145 prostate cell lines characterization. Antioxidant enzymes and UCPs expression in VCaP, PC3 and DU145 cell lines.
VCaP PC3 DU145 VCaP PC3 DU145
ERa 100+9 110+19 uD UCP1 283 + 0.7 28.7 £ 0.2 27.6 £ 0.5
ERB 100+ 14 206+18" 151+£22° 8 ucP2 20.6 + 0.1 234+ 0.1 21.7 + 04
Ratio ERa/ERB 1.00 0.48 0 ucP3 251+ 04 26.2 £ 0.2 223+ 04
ROS levels 100+3 88+2" 8745 UCP4 26.5+0.2 264 +03 262 £+ 05
TMRM fluorescence 100+2 124+3" 180+10°8 ucps 213 £0.1 21.1£0.1 233+ 04
Carbonil content 100+7 63+9 75+£13° Catalase 19.1 £ 0.2 18.6 + 0.2 21.0+ 04
4-HNE 100+9 72+14" 65+16 GPx 17.4 £ 0.2 18.1 £ 0.2 18.7 £ 03
Data represent the means + SEM (n=6). Values of VCaP cell line were set at 100. 18S 8.2 +£0.1 83 +£0.1 94 + 03

ERa, estrogen receptor alpha; ERP, estrogen receptor beta, ROS, reactive oxygen
species; TMRM, tetramethylrhodamine methyl ester; 4-HNE, 4-hydroxy-2-nonenal;
UD, undetected.

" Significant difference between VCaP cell line and PC3 or DU145 cell lines (Stu-
dent’s t-test; P<0.05, n=6).

§ Significant difference between PC3 cell line and DU145 cell line (Student’s t-test;
P<0.05,n=6).

levels (151%). Considering both receptors, ERalpha/ERbetaratio has
also been calculated and VCaP presented the higher range, PC3 the
mid-range and DU145 the lower value of this ratio, which was 0, as
a result of undetected levels of ERalpha.

Table 2 shows the indicators of mitochondrial function and
oxidative stress balance in prostate cancer cell lines: VCaP, PC3
and DU145. Specifically, we measured ROS levels by DCFDA (as
an oxidative stress indicator), TMRM fluorescence (as an indicator
of mitochondrial membrane potential), and carbonyl and 4-HNE
content (as an indicator of protein and lipids oxidative damage,
respectively). The highest mitochondrial membrane potential was
found in DU145 cells followed by those of PC3, with the VCaP cells
presenting the lowest value.

To complete the oxidative stress balance characterization in
cancer prostate cell lines, we studied the expression of antioxidant
enzymes and UCPs by real time PCR and the protein levels by West-
ern blot. The crossing points (Cp) of catalase, GPx and UCP1-UCP5 of
VCaP, PC3 and DU145 cell lines in culture basal conditions are sum-
marized in Table 3, as well as 18S (such as housekeeping). Catalase
and GPx were expressed in significant levels in all cell lines studied
(Cp<21), only UCP2 and UCP5 presented a Cp high enough to be
considered as a significant gene expression (Cp <24) in VCaP, PC3
and DU145 cells, while the other UCPs (UCP1, UCP3 and UCP4) pre-
sented, in most cases, had a Cp higher than 25, and therefore the
expression of these genes may be considered as basal. Only UCP3
in the DU145 cell line presents a Cp value of 22.3.

Table 4 shows protein levels of antioxidant enzymes (GPx and
catalase) and main uncoupling proteins (UCP2 and UCP5), in the
VCaP, PC3 and DU145 cancer prostate cell lines. Despite of no dif-
ferences in GPx between the cell lines analysed, the protein catalase
levels presented the highest values in PC3 lines and the lowest val-
ues of the DU145 cell line, both levels were statistically significant.
UCP2 shows no statistically significant differences between lines,
although UCP5 protein levels were lower in VCaP with respect to
PC3 and DU145.

<
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Fig. 1. Representative bands of Western blot are shown. ERalpha, estrogen receptor
alpha; ERbeta, estrogen receptor beta.

Data represent the means of Ct values + SEM (n=6). UCP, uncoupling protein; GPX,
glutathione peroxidase.

Table 4
Protein levels of UCPs and antioxidant enzymes in VCap, PC3 and DU145 cancer
prostate cell lines.

VCaP PC3 DU145
ucp2 100 + 10 81+8 92+9
UCP5 100 + 8 148 £ 11° 175 + 45
GPx 100 + 12 90 £+ 13 90 £+ 2
CAT 100 + 11 343 + 31 79+ 48

Data represent the means + SEM (n=6). Values of VCaP cells were set at 100. UCP,
uncoupling protein; GPx, glutathione peroxidase.

" Significant difference between VCaP cell line and PC3 or DU145 cell lines (Stu-
dent’s t-test; P<0.05, n=6).

8 Significant difference between PC3 cell line and DU145 cell line (Student's t-test;
P<0.05,n=6).

3.3. Effect of E2 on antioxidant enzymes and UCPs mRNA levels in
VCap PC3 and DU145

The effect of a 48 h E2-treatment on antioxidant enzymes cata-
lase and GPx, and UCP2 and UCP5 mRNA levels was evaluated in
order to establish the influence of this hormone on the antioxidant
capacity of prostate VCaP, PC3 and DU145 cancer cell lines (Table 5).
In Table 5, the fold change for hormone treatment is shown to bet-
ter elucidate whether E2 treatment has a positive or negative effect
on the mRNA expression of these genes. In VCaP cells, E2 treat-
ment had no effect on GPx, but there was a decrease in catalase,
UCP2 and UCP5 mRNA levels. Given that an androgen receptor is
expressed in the VCaP cell line, the effect of testosterone (1 nM)
has also been evaluated and this treatment had no effect on antiox-
idant enzymes and the UCPs analysed. E2 increased expression
of antioxidant enzymes and UCPs, in PC3 cells, was only statisti-

Table 5
Fold-change of UCPs and antioxidant enzymes ARNm in prostate cancer cell lines
after hormonal treatment.

Control E2 T
VCaP UCP2 0.00 + 0.09 —0.44 + 0.09 0.05 + 0.08
UCP5 0.00 + 0.08 —0,15 £+ 0.02° 0.12 £+ 0.08
Catalase 0.00 + 0.08 -0.29 £ 0.12° 0.05 £ 0.1
GPx 0.00 + 0.09 —-0.08 + 0.15 0.08 + 0.03
PC3 ucP2 0.00 + 0.10 0,17 £ 0.18
uCP5 0.00 + 0.09 0.41 + 0.06°
Catalase 0.00 + 0.12 0.41 + 0.21
GPx 0.00 + 0.13 0.42 + 0.06
DU145 UCP2 0.00 + 0.11 0,15 £ 0.12
UCP5 0.00 + 0.18 0.23 £ 0.17
Catalase 0.00 + 0.12 0.20 £+ 0.15
GPx 0.00 + 0.06 0.22 + 0.09°

Data represent the means +SEM (n=6). Values of control (vehicle-treated) cells
were set at 0. E2, 17(3-estradiol 0,1 nM; T, testosterone 1 nM; UCP, uncoupling pro-
tein; GPx, Glutathione peroxidase.

" Significant difference between treated and vehicle-treated cells (Student’s t-
test; P<0.05, n=6).
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Fig. 2. Effects of 17B-estradiol, genistein and antagonists from estrogen receptors
on ROS production. E2, 173-estradiol 1 nM; MPP1 wM, 1,3-bis(4-hydroxyphenyl)-4-
methyl-5-[4-(2-piperidiniylethoxy)phenol]-1H-pyrazole dihydrochloride; R,R-THC
1M, (RR)-5,11-diethyl-5,6,11,12-tetrahydro-2,8-chrysenediol; G, genistein. *Sig-
nificant difference between treated and vehicle-treated cells (Student’s t-test;
P<0.05,n=6).CSignificant difference between antagonists or genistein-treated cells
versus E2-treated. cells (Student’s t-test; P<0.05, n=6).

cally significant for GPx and UCP5 and showed a high tendency in
catalase levels (p=0.083). In DU145 cells, the E2 treatment only
increases the expression of GPx and had no effect on the catalase,
UCP2 and UCP5 mRNA levels.

3.4. Effect of ERalpha and ERbeta antagonists on E2 stimulation
of ROS production in VCaP, PC3 and DU145

ROS production of vehicle-treated cells was used as a reference
(100%). The effect of estrogen with and without estrogen receptor
antagonists (MPP and R,R-THC), and genistein was also determined
in all prostate cancer cell lines studied (Fig. 2). Treatment effects
were more evident in the VCaP cell line, which showed a higher
ERalpha/ERbeta ratio with the statistically significant increase in
the ROS production of E2-treated cells (+15% with respect to
vehicle-treated cells), while experiencing a decrease in cell ROS
production with the ERalpha antagonist (MPP —41% with respect
to E2-treated cells) or the genistein (—7% with respect to vehicle-

treated cells) treatment. In PC3 cells with a lower ERalpha/ERbeta
ratio, ERalpha antagonist and genistein also statistically decreased
ROS production, although this inhibition was lower than in VCaP
(—=7% MPP with respect to E2-treated cells). Moreover, the ERbeta
antagonist increased ROS production (R,R-THC, 8% with respect
to vehicle-treated cells). ROS production in DU145 cells, which
only expresses ERbeta, was affected by E2 (—27% with respect to
vehicle-treated cells) and was not affected by ERalpha antagonist
or genistein (with respect to vehicle-treated cells), while the ERbeta
antagonist statistically significant increased oxidative stress (+33%
with respect to E2-treated cells).

3.5. Effect of E2 with and without ER antagonists on antioxidant
enzyme and UCPs protein levels in VCaP and PC3

At this point of the experiment it was of interest to check if the E2
effects in VCaP cell line were caused by ERalpha and in PC3 cell line
by ERbeta. For this reason we used MPP (antagonist of ERalpha) in
VCaP cell lines, and R,R-THC (antagonist of ERbeta) in PC3 cell line.
Fig. 3 shows effect of E2 with and without MPP in the VCaP cell line
and the effect of E2 with and without R,R-THC in PC3 cell line on
protein levels of antioxidant enzymes, GPx and catalase, and UCP2
and UCP5. E2 treatment in VCaP line decreased the expression of
GPx, catalase and UCP5, although it was only statistically significant
in GPx and UCP5. These effects were prevented by ERalpha antag-
onist addition in all the cases. Moreover, in PC3 line E2 treatment
increased statistically expression of GPx, catalase and UCP2, effects
that were reversed by the ERbeta antagonist reversed.

4. Discussion

Cell lines with a lower ERalpha/ERbeta ratio and higher levels
of ERbeta have less oxidative stress than cell lines with a predom-
inance of ERalpha. This state may be explained, at least in part, by
the greater levels of antioxidant systems as well as UCP5 protein
levels. UCPs are a family of inner mitochondrial membrane proteins
whose function is to allow the re-entry of protons into the mito-
chondrial matrix, dissipate the proton gradient and, subsequently,
decrease membrane potential and ROS production [20]. Taking into
account the genotoxic effect of ROS, it can be speculated that one
of the predictable consequences of UCPs function may be in can-
cer prevention [21,22] and may offer a clinical benefits for cancer
treatment studies [22].

Additionally, the action of E2 on antioxidant enzymes and UCPs
expression was dual and dependent on the ERalpha/ERbeta ratio
and ERbeta amounts. Thus, treatment with 0.1 nM E2 (physiological
concentrations on obese men plasma [23]) in cell lines with a high
ERalpha/ERbeta ratio (VCaP) produced a reduction of antioxidant
enzymes and UCPs levels, and an increase in ROS production. These
effects disappeared when treatment was done in the presence of an
ERalpha antagonist. In the cell lines which had high levels of ERbeta
and a lower ERalpha/ERbeta ratio (PC3), E2 treatment caused an
increase in antioxidant enzymes and UCPs, with a concomitant
decrease in ROS production. These effects were reversed when cells
were treated with E2 in the presence of an ERbeta antagonist.

These results would agree with those of several authors who
have shown in different tissues and cell lines that UCPs and antiox-
idant enzymes are under the control of sex hormones [24-28].
Moreover, similar results have been described in breast cancer
cell lines. In MCF-7 cell lines with a higher expression of ERal-
pha E2 down-regulates UCPs and antioxidant enzymes, increases
oxidative stress, while in MDA-MB-231, which only expresses
ERbeta, estrogen cannot down-regulate these proteins and does
not increase oxidative stress [19].
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Fig. 3. Effect of 17B-estradiol on GPx, catalase and UCPs protein levels. E2, 17@-estradiol 0.1nM; MPP 1uM, 1,3-bis(4-hydroxyphenyl)-4-methyl-5-[4-(2-
piperidiniylethoxy)phenol]-1H-pyrazole dihydrochloride; RR-THC 1M, (RR)-5,11-diethyl-5,6,11,12-tetrahydro-2,8-chrysenediol. GPx, glutathione peroxidase; UCP,
uncoupling protein. Representative bands of Western blot are shown. *Significant difference between E2-treated cells and vehicle-treated cells (Student’s t-test; P<0.05,
n=6). OSignificant difference between antagonists-treated cells and E2-treated cells (Student’s t-test; P<0.05, n=6).

The results of this paper would be consistent with the knowl-
edge that in different cancers the effects that E2 exerts through
ERalpha bring about greater oxidative stress and proliferation,
whereas the effects through ERbeta have a protective nature
when faced with oxidative stress. Thus, in tissues where ERal-
pha is abundant, E2 is considered a cancer risk, whereas in those
tissues in which the predominant isoform receptor is ERbeta,
protective effects of E2 when facing oxidative stress have been

described [19,29-31]. Moreover, these results agree with the fact
that abundance of ERalpha is positively correlated with the malig-
nant prostate cancer and that ERbeta is strongly expressed in low
grade prostate carcinoma, while it is markedly diminished in high
grade tumors [6]. Several authors have been suggested that ERbeta
may protect against abnormal prostate cell growth. Even the use of
ERbeta agonists has been suggested as a therapy to prevent grade
progression in prostate tumors [6].
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Likewise, the antioxidant effects caused by genistein agree with
the beneficial effects of phytoestrogens in cancer, as phytoestro-
gens have reported a 70-fold higher binding affinity for ERbeta than
for ERalpha [32], and its difference in affinity for estrogen receptors
could explain the protective effects of phytoestrogen.

Another aspect to consider is that some studies have demon-
strated that PC3 cancer cells are more aggressive than other
prostate cancer cells. These authors believe in the possibility that
the aggressive nature of PC3 cells is caused by the lower sensitiv-
ity to ROS [33], which could explain why these cells have a greater
number of antioxidant systems in response to the higher ERbeta
levels.

5. Conclusion

On the whole, our results suggest a dual E2 effect; that an
increase or decrease in oxidative stress is regulated by modulating
the UCPs and antioxidant enzymes according to the abundance of
ERbeta and the ERalpha/ERbeta ratio. Thus, it would be interesting
to study these two estrogen receptor isoforms for prostate cancer
diagnosis in order to establish possible future treatments. Likewise,
the continuation of the study of the role of UCPs in the development
of prostate cancer, which could provide valuable information for
diagnosis and treatment, since the expression of these proteins has
been shown to decrease prostate cancer risk, yet at the same time
can have non-desirable effects in neoplastic development, as they
confer to these cancer cells a higher resistance to oxidative stress,
facilitating their malignancy and chemoresistance.
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