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Background: Previous studies have sug-
gested that male hormones (androgens)
and certain forms of oxygen (reactive
oxygen species) are linked to the devel-
opment of prostate cancer. We hypoth-
esized that androgens contribute to pros-
tate carcinogenesis by increasing
oxidative stress. We further hypoth-
esized that antioxidants reduce prostate
cancer risk by modulating androgen ef-
fects on cellular processesMethods: To
test these hypotheses, we looked for 1) a
change in the level of reactive oxygen
species in the presence of androgens, 2)
androgen-induced binding activity of
transcriptional activators AP-1 and NF-
kB, whose activities are known to be al-
tered during cell proliferation, and 3) the
effect of antioxidants on androgen-
induced transcription factor binding. Re-
sults: Physiologic concentrations (1 M)
of 5a-dihydrotestosterone or 1-10 M
R1881, a synthetic androgen, produced
sustained elevation of AP-1 and Nk<B
DNA-binding activity in LNCaP cells, an
androgen-responsive human prostate
carcinoma cell line. Androgen-
independent DU145 cells (another hu-
man prostate carcinoma cell line) were
unaffected by R1881 treatment. AP-1-
binding activity increased 5 hours after 1
nM R1881 treatment; NF«B DNA-
binding activity increased after 36 hours.
Both activities remained elevated for at
least 120 hours. Nuclear AP-1 and NF-
kB protein levels were not elevated. An-
tioxidant vitamins C plus E blocked both
androgen-induced DNA-binding activity
and production of reactive oxygen spe-
cies. Conclusion: Physiologic concentra-
tions of androgens induce production of
reactive oxygen species and cause pro-
longed AP-1 and NFxB DNA-binding
activities, which are diminished by vita-
mins C and E. [J Natl Cancer Inst 1999;
91:1227-32]
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Androgens, such as testosterone, amctivity of these transcription factors and
necessary for normal growth and develif antioxidants can influence the effect.
opment of the prostatd—3)and may also
play a role in prostate carcinogene§i3.
Whether they act as initiators, as has beefg|| culture and Harvest
proposed for estrogen metabolites in

breast cance(5,6), or as promoter§7—9) :
is debatable. However, most investigatorLNcaP and androgen-independent DU145 human
’ . . Erostate carcinoma cells were obtained from Ameri-
agree that androgens play a role in eith€lan Type Culture Collection (Manassas, VA). Cells
the development or the progression Ofvere maintained at 37 °C in an atmosphere of 5%
prostate cancer. Prostate cancer is a disarbon dioxide and 95% air in Dulbecco’s modified
ease of aging10). The oxidative stress Eagt'e_ m‘i_diutmd('?":”fl'\/t')) S_Upp'eme”te(cli é'gt)h(f_"f@
; ; : 1 heat-inactivated fetal bovine serum ife
hypothesus of agl.n.g postulates that oxid _echnologies, Inc. [GIBCO BRL], Gaithersburg,
tive damage tO.CFItlca| molecules accumuMD) and 1x antibiotic—antimycotic (Sigma Chemi-
lates over the life span and eventually imza| co., St. Louis, MO, from which all chemicals,
pairs function(11). We hypothesize that unless otherwise noted, were obtained). Cells were 5
and rogens contribute to the agepassaged weekly, and medium was replaced every 33
associated increase in prostate cancer l%{b“ days. LNCaP cells of passages 50-90 and =

increasing oxidative stress. .
experiments.

Earlier, We(l.2) linked ar.‘dmgen expo- Experiments were conducted in medium contain-
sure to production of reactive oxygen speng 1% FBS and 4% charcoal-stripped FBS (CSS) to
cies (ROS) in cultured prostate cancelimit the adverse growth effects noted with 5% CSS,
cells. ROS (e.g., superoxide radical, hywhich are unrelated to hormone depletidr2). For
drogen peroxide, and hydroxyl radica|)96-well assays, 4000 cells were plated per well in

100 uL of DMEM plus 1% FBS and 4% CSS. Then
cause macromolecular damage and m%/days later, cells were treated with 1QQ. of

play important roles in tumor develop-pyem plus 1% FBS and 4% CSS containing a 2x
ment and aging11,13,14) ROS are also concentration of the specified treatment. The final
important regulatory molecules acting asoncentration of treatment was 0, 25, 50, 100, or 500
intracellular second messengers and reguM vitamin C (ascorbic acid) and vitamin Ex{
lators of protein functior{15—18). tocopherol succinate) in 1M R1881, a synthetic
Studi f diet tioxidant id androgen (Du Pont NEN, Boston, MA), or vehicle
u 'e$ Ot dietary an qu' ants provi econtrol medium (containing 0.01% ethanol).
encouraging data regarding prostate can-cejis harvested for electrophoretic mobility-shift
cer prevention. Data from the Alpha-assay were plated at dlls per 100-mm tissue cul-
Tocopherol, Beta-Carotene Cancer Praure plate in medium containing 5% FBS. The fol-
vention Study(19) show that Iong-term Iqwing day,_ medium was replaced with fresh me-
a-tocopherol supplementation reducegmm containing 1% FBS and 4% CSS. Cells were

incid by 3204 eated 3 or 4 days later with fresh medium contain-
prostate cancer incidence by o an g R1881 or the vehicle control. After the appro-

prostate cancer molrta"ty py 41% .in CiQa‘priate treatment period, cells were washed, scraped S
rette smokers. Similar evidence links infrom the plate, resuspended in cold Kreb's Ringer

take of lycopene, a potent carotenoid, and
selenium supplementation with reduced
prostate cancer ris0,21).Understand-  Affiliations of authors:M. O. Ripple, S. R.

ing how antioxidants act to reduce cancepchwarze, Institute on Aging, University of Wiscon-

: : sy : : sin, Madison, and Geriatric Research, Education and
gtsrl;tgvgli”esald n develOpmg prevention Clinical Center, William S. Middleton Memorial

i . Veterans Hospital, Madison; W. F. Henry, G. Wild-
This study examined the effect of ang, Department of Medicine, University of Wiscon-

drogens and antioxidants on transcriptiogin Comprehensive Cancer Center, Madison; R.
factor binding at AP-1 and NkB DNA-  Weindruch, Institute on Aging, University of Wis-
binding sites. AP-1 and NkB are ubig- consin, Geriatric Research, Education and Clinical
uitous protein complexes that mediatéenter, William S. Middleton Memorial Veterans
cellular response to various external sigHosPita: and Department of Medicine, University
o L. . of Wisconsin Comprehensive Cancer Center, Madi-
nals by binding to distinct DNA site@2— .,
24).Knowing Fhat androgen treatment IN- - correspondence toGeorge Wilding, M.D., De-
fluences the intracellular oxidation stateartment of Medicine, University of Wisconsin, K6/
in cultured cells and that AP-1 and NdB 550 CSC, 600 Highland Ave., Madison, Wl 53792.
are redox regulated, we sought to deter- See’Notes” following “References.”
mine if androgens stimulate the bindingo Oxford University Press

M ATERIALS AND METHODS

Androgen-responsive, androgen receptor-positive
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buffer, and centrifuged for 5 minutes at 4 °C at 1000and transferred to Immobilon-P membranes (Milli-R1881-treated cells incubated with 100 or

rpm. The cell pellet was frozen at —-80 °C. pore Corp., Bedford, MA) with the use of a semidry50Q uM vitamins C p|US E. DCFE/DNA
system. Immunoblots were blocked overnight a 0 0 .

Measurement of ROS and DNA 4°C in 5% dried milk (wt/vol) in phosphate- Rt/vastz(} /o'tingfs?sf’ rlesLaPecEve(:)Igéoigglls

Content buffered saline (PBS) (pH 7.4) plus 0.05% Tween reated wi aloné>(= . !

o 20. Blots were incubated with polyclonal primary -M; P<.0001, 50Q.M). Only the highest
We harvgsted 96-well plates forgstlmatlon of ‘?el'antibodies to c-Fos, c-Jun, p50, and p65 (all fronflose of vitamins C plus E (50@M) was
Iurlal: p_eromdes and h_ydrc_)xyl radical levels usingsanta Cruz Biotechnology, Inc., Santa Cruz, CA) oassociated with a decrease in growth
2',7’-dichlorofluorescein diacetate (DCF) (Molecu-androgen receptor (gift of Dr. C. Chang, University(]_g% for vehicle control-treated cells
lar Probes, Inc., Eugene, OR), after 24, 72, and 98¢ Rochester, Rochester, NY) in PBS plus 0.05% p< 0001] and 44% for R1881-treated
hours of treatment as described elsewh€®8).  1\yeen 20 for 1-2 hours at room temperature. The. ... - .
Fluorescent units were measured in each well after gy \vere washed and exposed to a horseradish perells [P = .0017]) compared with cells

gi-r’gir;ute inct;batifg ;(v)it;LDC_F (hg/0.1 r;L) ::\t oxidase-labeled secondary antibody (Amershanqot treated with antioxidant (Fig.1, D).
°Cbyuse ofan uminescence SPecroMpparmacia Biotech, Arlington Heights, IL) for 45 o T
eter (The Perkin-Elmer Corp., Norwalk, CT). The nintes at room temperature. Washes and Iumineéfe;[e%'\lv'?/iﬁlln;i%%fcuwty in Cells

same plates were frozen at -80°C, and the DNAgn detection were carried out by use of the ECL-
content per well was determined after thawing by

lus detection system according to the instructions of ;
fluorometric assay using the dye Hoechst 3325%,, manufacturir (AmershamgPharmacia Biotech) Treatment of LNCaP cells with 0-_00_1—
(26). The DNA fluorescence units were used as gyensjtometric analyses of scanned x-ray films werd0 M R1881for 96 hours resulted in in-

measure of cell growth, and the DCF fluorescenc@eformed with the use of Adobe Photoshop ané'€ase€d DNA-binding activity to the AP-1

jumoq

units normalized to DNA (DCF/DNA) were used as ational Institutes of Health image software. consensus sequence with 0.25, 1, and 103

a measure of ROS levels. nM R1881 (Fig. 2, A; 0.25-N data not

Experiments were conducted in 96-well plates (r8lso noted with 1 Kl 5«-dihydrotestos-
Frozen cell pellets were processed to obtain cy= ). Each treatment was compared with either théerone (DHT). All of the doses that in-
toplasmic and nuclear extracts in the presence Qfehicle control treatment or the R1881 treatment bx:reased b|nd|ng activity were previously
aprofinin (2 ug/mL), leupeptin (2-5ug/mL), and yse of the unpaired, two-tailed Studentstest. ghown to be associated with elevated lev-
pepstatin A (5png/mL) (27). Each cell pellet was sample sizes were adequate to detect statisticallgIs of DCF-determined ROS contde)

resuspended in a 5x volume of Buffer A (10Mn  gignificant differences. Western and immunoblot e -
HEPES [pH 7.9], 1.5 il MgCl,, 10 mM KCI, 1 analyses were done at least twices@). The mean INcreased DNA-binding activity to the

mM dithiothreitol, and 1 rivl polymethylsulfonyl densi[y of Speciﬁc bands from scanned X-ray f||mgA\P'1 S|te was fII’St nOted 5 hOUI’S aftel’
fluoride) and was incubated on ice for 15 minutesyas compared by use of a paired, two-tailed Stutreatment with 1 M R1881 (Fig. 2, B).
Nuclear pellets were obtained after centrifugationyent'st test. All data were tested for statistical sig-Binding activity increased with time,
(14000 rpm at room temperature for 10 seconds) iRjficance at the nominal .05 significance level. Thepeaking at 96 hours, and remained el-
a microcentrifuge; supernatant was saved as CytQeportedP values are two-sided and reflect the data,, atad for at least 12b hours (Fig. 2, C)

plasmic extract after a second centrifugation (13 00@hown. All experiments were repeated at least twoy .

rpm at 4 °C for 10 minutes). The nuclear pellet wagjmes. ndrogen-_lndependent DU145 cells are
resuspended in 2x original pellet volume of Buffer C unresponsive to R1881 based on DCF or
(20 mM HEPES [pH 7.9], 25% glycerol, 1.5 RESULTS DNA measures and to R1881-induced al-
MgCl,, 420 ™M NaCl, 0.2 nM ethylene diamine terations in DNA-binding activity to AP-1
tetraacetate [EDTA], 1 i dithiothreitol, and 1M Measurement of ROS and Cell sites (data not shown).

polymethylsulfonyl fluoride). Cells were incubated Growth After Androgen and

on ice for 30 minutes and centrifuged (14 000 rom aly htioxidant Treatment AP-1 DNA-Binding Activity in Cells

4°C for 30 minutes) in a microcentrifuge, and the Treated With R1881 and Antioxidants

supernatant was saved as nuclear extract. All ex- Growth (DNA per well) and ROS lev-
tracts were stored at -80 °C. The protein content wag|g a5 measured by DCF/DNA of LNCaP Treatment of LNCaP cells with
measured with the use of the bicinchoninic acid aSzalls were unaffected by treatment with 1equimolar concentrations of vitamins C

Pierce Chemical Co., Rockford, IL). ) : >
Samdf;feextrae;];’cz_ﬁ%‘ Wgrce grrough)t 0 4l nM R1881 for 24 hours (Fig. 1, A and B). plus E abrogated R1881-induced binding

with water and combined with B.L of mix—two At 96 hours, growth was 40% lower (Fig-to_ the AP-1 site (Fig. 2’_ D)'_ Treatment
parts HO, one part poly(di-dC), and two parts 5x 1, D; P<.0001) and ROS levels were 86%0with 50, 100, or 50QuM vitamins C plus
gel shift buffer (375 M NaCl, 75 nM Tris-HCI  higher in R1881-treated cells than in unE for 24 hours diminished binding at the
[PH 7.5], 37.5% glycerol, 7.5 M EDTA, 7.5 ™ treated control cells (Fig. 1, @<.001). AP-1 site in both vehicle control-treated
dithiothreitol, 50 MM 1.5% Nonidet P-40, and 100 | NcaP cells treated with the vehicleand R1881-treated LNCaP cells. The 500-

rg/mL bovine serum albumin). They were then in- . . M dose produced the largest decrease in
cubated for 20 minutes on ice. OligonucleotidescorltrOI plus 500pM vitamins C plus E R P 9

(Promega Corp., Madison, WI) end labeled wite  Or 24 hours displayed a greater decreaddinding activity at 24 hours an(.j the only
were added and incubated with the samples for 200 DCF/DNA than cells treated with clear decrease in AP-1 DNA-binding ac-
minutes at room temperature. Protein-DNA comR1881 plus the antioxidants (38% versu&lvity at 96 hours (96-hour data not
plexes were run through a 1.5-mm 4.5% acrylamid@19) (Fig. 1, A; bothP<.001). After 96 shown).

gel in 0.25x Tris—borate—EDTA buffer. Gels werehours of treatment, a decrease in DCF,

run at 175 V for 1.5 hours, dried, and imaged with NF-kB DNA-Binding Activity in Cells

the use of Phosphorimager and ImageQuant analysll:;g'\lA compared with the vehicle CoerITreated With R1881

software (Molecular Dynamics, Sunnyvale, CA). was O_bserved with E_’O' 100, and SW o
vitamins C plus E in both control and DNA binding of nuclear extracts of

Immunoblots R1881-treated cells (Fig. 1, C). In the veLLNCaP cells to the NiB consensus se-
. hicle control- plus antioxidant-treatedquence was elevated by 1 and 18 n
Nucl tracts, 25-3Q.g of prot lane, ) ;
WerZC:ZL:?ar;Cdsby SO%?U?T] ‘ygfél;ersui?;e_cells, an 11%-22% decrease in DCFR1881 after 96 hours of treatment (Fig. 3,
polyacrylamide gel electrophoresis with the use oDNA occurred P = 034, SO}LM, P = A) Doses of 0.001-0.1M R1881 had no
4%-12% Bis-Tris gels (NOVEX, San Diego, CA) .026, 100n.M; P<.001, 500,M). In the stimulatory effect on DNA binding. NF-
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and lipids may be important carcinogenic
A ROS at 24 hours B DNA at 24 hours mechanismg13,15,28).Damage associ-
0.6 1 "7 vehicle-control ated with ROS has been documented in
0.5 4 EEER 1 M R1881 prostate cance(29); however, whether
androgens cause prostatic oxidative dam-
agein vivois unknown. ROS are also im-
portant regulatory molecules. Just as the
phosphorylation state can dictate protein
activity, the redox state can regulate pro-
tein function(16,30). ROS are now rec-
ognized as messengers in cell-signaling
M Vitamin C + E uM Vitamin C + E pathwaygq17,31)and apoptosis (i.e., pro-
grammed cell death(32,33). Androgen-
induced ROS could potentially influence

DNA fluor units

DCF/DNA fluor units

kB DNA-binding activities are known to
be sensitive to RO$34-36).DNA bind-
Fig. 1. Effect of vitamins C plus E (25, 50, 100, and 50 each) on LNCaP human prostate carcinomz'mg of AP-1 and NF«B and of several
cells treated with vehicle controbpen barg and 1 M R1881, a synthetic androgeso{id bars). Panels  gther ROS-sensitive transcription factors
A andB show data at 24 houranels CandD show data at 96 hours. Hydrogen peroxide and hydrox ; : F i
radical levels, as estimated by,Z-dichlorofluorescein diacetate (DCF) fluorescence normalized to DN% aCtlvate.d by reducmg_ ag?nts and inhib-
(DCF/DNA), were lowered by the 50Q@M antioxidant treatment at 24 hourpahel A; P<.001). Cell ited by oxidizing agentsn VI_trO_, but the
growth, as measured by DNA fluorescence, was not inhibipechél B). By 96 hours, R1881 treatment €ff€Cts are often reversed in intact cells, =
increased reactive oxygen species (ROS) levas¢l C; P<.001). Antioxidant treatments of 25-5¢M  Which is suggestive of a more complex
lowered the DCF/DNA compared with vehicle control treatmguanel C). A decrease in DCF/DNA was form of cellular regulation(36-38).
observed in cells treated with R1881 plus antioxidafs=( .003 for 100nM and P<.0001 for 500p.M DNA-binding activity induced in LNCaP
treatments). At 96 hours, R1881 lowered DNA readings by 4p&6€l D; P<.0001). Only the highest dose cells by hydrogen peroxide at AP-1 sites
of antioxidants reduced DNA readings after 96 hot#s.0001 for vehicle control-treated celB;= .0017 and by tumor necrosis factor-at NF«B
for R1881-treated cells). All data represent the avesagéandard deviation of six separate wells. . . . .

sites was similar in magnitude to that

caused by androgen treatment (data not

kB DNA-binding activity was induced by Protein Levels of c-Jun, c-Fos, p50, shown).
1 nM R1881 at 36 hours (Fig. 3, B). At 72 p65, and Androgen Receptor in AP-1, a ubiquitous transcriptional ac-
and 96 hours, very strong binding activityLNCaP Cells Treated With R1881 tivator, mediates responses to external &
of the slower migrating complex was ob- signals by regulating the expression of
served (upper arrow, Fig. 3, B). Binding genes involved in growth, differentiation,
activity remained elevated for at least 12 . . and stress responsé¢®2,38). It is com-
hours. ours showed no INCrease in AP-l (C"]u'ﬂosed of members of the Jun and Fos

and c-Fos)-associated proteins, MB- ¢, ijieg that form homodimers (c-Jun:c-
NF-kB DNA-Binding Activity in Cells (P20 and p65)-associated proteins, or any, ) ang heterodimers (c-Jun:c-Fos) that
Treated With R1881 and Antioxidants drogen receptor (Table 1). After 24 an ind to a specific DNA response element.

96 hours, 1 M R1881 caused a markedy o, astic transformation may be in-

Equimolar concentrations of vitaminsdecre"’lse in the protein level of c-Fd3 ( duced simply by altering the expression
C plus E lowered the androgen-induced™ .047, 24 hoursP = .0005, 96 hours). or structure of c-Jun or c-Fq22). Regu-
DNA binding at the NF«B site after 96 pscussion lation of AP-1 activity is complex and in-
hours of treatment (Fig. 3, C). Only the volves mechanisms that increase the lev-
500uM dose influenced DNA-binding  The ability of physiologic levels of an- els of Jun and Fos proteins as well as
activity to the NF«B site. This dose in- drogens to alter the oxidative state othose that stimulate the activity of pre-
creased the binding activity of the fastepprostate cells may have implications forexisting Jun and Fo@2,39).Redox regu-
migrating NFxkB DNA—protein complex control of normal cellular processes andation of AP-1-binding activity occurs
in cells not treated with R1881. A 24-hourprostate carcinogenesis. An increase ithrough a conserved cysteine residue in
treatment with vitamins C plus E did notthe prooxidant state is linked to tumor dethe DNA-binding domain of c-Fos and c-
influence DNA-binding activity at the velopment in various tissuegl3,14). Jun proteing34). Western blot analyses
NF-«B site (data not shown). ROS-induced injuries to DNA, proteins,of protein levels in nuclear extracts of

C ROSat 96 hours D DNA at 96 hours any of these functions.
" 350 7 We observed that androgens adminis- &
= 300 7 tered at doses previously found to ind S
£ 2 p y found to induce 3
5 g 2501 oxidative stress(12) can increase the &
f ) g 2007 DNA-binding activity of LNCaP nuclear &
z = 1909 proteins to both AP-1 and NkB sites. In - &
n Z 1004 contrast, R1881 and DHT had no effect =
8 : 501 on AP-1 and NF«B DNA-binding activi- 5
ez gse g °8883% ° ties or oxidative state in androgen- &
o o independent DU145 cells. AP-1 and NF- 2
uM Vitamin C + E pM Vitamin C + E ('BD
2
8
S
8
3
<
g
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n6 A

Nuclear extracts from LNCaP cells
reated with 0O—1 Kl R1881 for 24 and 96
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nM R1881 nM DHT

0 0001 001 005 0.1 1 10 0.1 1 1+ cold AP-1

b oa: cvcsth-.l 4“ -

Fig. 2. Nuclear protein binding t32P-labeled AP-1 consensus oligo-
nucleotides measured by electrophoretic mobility-shift aséasow
denotes the specific AP-1 protein-DNA complex. Nuclear extracfs B

were obtained from LNCaP cells (a human prostate carcinoma cdlls . .

line) treated with 0.001—-10Nn R1881 (a synthetic androgen) or 0.1-1 30 min 90 min 5h I1h  +cold +cold

nM 5a-dihydrotestosterone (DHT) for 96 hours and incubated with 0 1 0 1 0 1 0 1 Af'l ?C:ni R18S1
labeled AP-1 oligonucleotides. DNA-binding activity was elevated af-

ter treatment with 1 and 10MiR1881 and with 1 k1 DHT (panel A).
Excess unlabeled AP-1 oligonucleotides (cold AP-1) competed : - g bd -
away binding, thereby suggesting specificity. Nuclear extracts hgr-
vested at various time points after treatment with vehicle control or|1 C

nM R1881 displayed an increase in binding activity to AP-1 sites by b 24h 36h SOh 72h 9%h 120h + cold + cold

hours panel B). Binding activity continued to rise and reached ¢ AP-1 OCT-1
maximum at 96 hourgp@nel C). Excess unlabeled OCT-1 (a transcrip- 0 1 0 1 0 1 0 1 0 1 0 1 1 1 nMRISSI
tion factor) oligonucleotide, used as a nonspecific competitor, had ho
effect on binding activity. Co-treatment with vehicle control or Ml n ' H e “ ’ ‘~' ‘.“.H - - -
R1881 and a mix of 50-50QM vitamins C plus E lowered protein

binding to AP-1 sites after 24 hours of treatmepéarfel D). A sub-
stantial antioxidant effect on DNA-binding activity is seen following| )

treatment with 50QuM vitamins C plus E. 24h 9% h  +cold +cold
AP-1 OCT-1
0 0 S0 50 100 100 500 500 0 0 pM antioxidant
0 1 0 1 0 1 0 1 1 1 nM R1881

M M .-

LNCaP cells showed no androgenireated with 1 M R1881, suggesting thatactivation by nuclear receptors, like the
induced increase in the level of c-Fos othe increased DNA binding is due to aandrogen receptor, is influenced by inter-
c-Jun. In fact, c-Fos levels were statistichange in activity and not protein level. actions with other transcription factors
cally significantly lower in LNCaP cells  There is evidence that transcriptiona(40-42).Androgen receptor-induced tran-

nM R1881 oM DHT
Fig. 3. Nuclear protein binding t6?P-labeled NF<B consensus oli- 0 0001 001 005 01 1 10 OI 1 1 + cold NF-kB
gonucleotides measured by electrophoretic mobility-shift as8ay.
rows denote NFkB-specific DNA-binding complexes. Nuclear ex- . -
tracts were obtained from LNCaP cells (a human prostate carcinofna = -

cell line) treated with 0.001-10Mh R1881 (a synthetic androgen) or
0.1-1 ™M 5a-dihydrotestosterone for 96 hours and incubated with I3
beled NF«B oligonucleotides. DNA-binding activity was elevated af-

ter treatment with 1 and 10Mh R1881 panel A). Excess unlabeled B
NF-«9 oligonucleotides £ cold NF«B) competed away binding,

220z 1snbny oz uo1senb Aq £/26v52/.22 /v LIL6/e1o1e/0ul/woo dnoolwepeoe//:sdiy wol papeojumoq

24h 36h 50h T2h 96 h 120h  +cold + cold
‘TF—:BOCT!

thereby suggesting specificity. Nuclear extracts harvested at variqus 01 0 1 1 oM R1881
time points after treatment with vehicle control or MrR1881 dis- a

played an increase in binding activity to NdB sites by 36 hours o bl s ' F H s
(panel B). Binding activity continued to rise and reached a maximum n

at 72 hours. Excess unlabeled OCT-1 (a transcription factor) oligp- ”“ “ “H .q

nucleotide, used as a nonspecific competitor, did not affect bindifg

activity. Co-treatment of vehicle control- or VMhR1881-treated cells

with vitamins C plus E lowered protein binding to NdB sites after 96 C ;;“_':B *{:;l:l

hours of treatment at the 5Q0M dose panel C). At this dose, vita-

. . L o 6 0 50 50 100 100 500 S00 [ joxi
mins C plus E appeared to increase the binding activity of the faster 0 1 0 1 0 1 0 1 11 ﬁ;?:;fdam
migrating complex lpwer band) in the vehicle control-treated cells. ” " ” T
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Table 1.Relative levels of AP-1 and NkB proteins in nuclear extracts of LNCaP prostate carcinomathe ROS involved in androgen_induced

1 and NFkB regulation are not iden-

Androgen-induced NkkB and AP-1
DNA-binding activity and DCF fluores-
" cence remain elevated for prolonged pe-
n.a. flods. Other antioxidantd\tacetyl cyste-

sodium selenite, and-tocopherol

n.a. gcetate) were less effective at reducing

cells treated with the synthetic androgen R1881 compared with untreated cells* AP-
Time, h Treatment, M R1881 c-Jun c-Fos Androgen receptor p50 p6§|cal'
24 0 1 1 1 1 1
24 1 1.15 0.53 0.89 2.14 1.64
96 0 1 1 1 1
96 0.01 0.88 0.83 0.89 n.a.
96 0.05 0.88 0.88 0.91 n.a. n.a.ine,
96 0.1 0.95 0.94 1.01 n.a.
96 0.25 1.04 1 2.06 n.a.
96 1 0.77 0.31 0.68 0.81

*n.a. = not assayed.

8_% DCF fluorescence or altering DNA-
binding activity (data not shown). The
DCF assay may be a useful tool for opti-

mizing antioxidant combinations that

scriptional activity can be inhibited by modulation of sulfhydryl groups, phos-
members of the Jun and Fos familiephorylation status, etc.).

(43,44)or can be enhanced by c-J(#b), The ability of treatment with vitamins
depending on the conditions. Conversely¢C plus E to diminish androgen-induce
androgen receptor inhibits c-Jun-inducedP-1 DNA-binding activity suggests that
AP-1 transcriptional activity in several oxidative stress contributes to the regul
cell lines transfected with androgen retion of this activity. Vitamins C plus E
ceptor, c-Jun:c-Fos, and an AP-1blocked the rise in DCF fluorescence in-
responsive reporter vectq43,44,46). duced in LNCaP cells by R1881. DCF
These varying results may derive from influorescence decreased after 24 hours, b{,l
herent differences in the cell lines usedthis decrease occurred only in cells

regulate androgen-induced redox-
sensitive transcription factor activity.
Some of the downstream events following
Oandrogen exposure are likely related to
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