


IL-6 AND AR ACTIVATION IN PROSTATE CANCER

expression vector pSG5AR. In control experiments, the empty vector pSG5
was introduced into DU-145 cells instead of the AR expression vector. R1881.
IL-6. the AR antagonist bicalutamide. and PK inhibitors were supplemented

20 h after transfection. and the cells were incubated in medium containing 2%
charcoal-stripped PCS for the next 24 h. Alternatively, cotransfected DU-145
cells were incubated with IL-6 in serum-free medium. Afterward, the medium

was removed, and the cells were frozen until the CAT assay was performed.
The CAT assay procedure was described elsewhere (27). Subsequently, the
ability of PKI to inhibit binding of the 'H-labeled R1881 to the AR was tested

by a ligand binding assay that was performed as described by Culig et al. (27).
Quantitative PCR for PSA Fragments. Semiquantitative RT-PCR was

performed as described previously by Eder et ai. (30). Briefly, total RNA was
isolated from cells using a guanidinium thiocyanate-acid phenol-chloroform
(pH 4.0) extraction method. After denaturation (94Â°Cfor 2 min). 0.5 /ig RNA

was transcribed into cDNA using Ready To Go-Kit (Pharmacia. Uppsala.

Sweden). cDNA was diluted in water to guarantee a quantitation of PCR
fragments in the exponential phase of the reaction. One /M!of diluted cDNA
was amplified in a thermocycler (Biometra. GÃ¶ttingen. Germany) with 50 s at
94Â°C,1 min at 56Â°C,and 30 s at 73Â°C(28 cycles).

Primers were synthesized on a 381A DNA Synthesizer (Applied Biosys-
tems. Vienna. Austria): PSA 418/21 sense. 5'-GGCAGGTGCTTGTAGC-
CTCTC-3' (fluorescence-labeled) (Pharmacia): and PSA 939/21 antisense.
5'-CACCCGAGCAGGTGCTTTTGC-3'; ÃŸ2-microglobulin was used as an
internal control: sense, 5'-ATGCCTGCCGTGTGAACCATGT-3': and anti-
sense, 5'-AGAGCTACCTGTGGAGCAACCT-3' (fluorescence-labeled). For

quantitation. PSA (1 /j.1) and ÃŸ2-microglobulin (I /il) samples were mixed in
equal amounts with 2.5 /nl of formamide. After denaturation at 95Â°Cfor 2 min.

DNA fragments were separated electrophoretically on a dc/c polyacrylamide

gel by a 370A DNA sequencer (Applied Biosystems). Fluorescence was
measured and analyzed with 672A Software 1.2 (Applied Biosystems). PSA
mRNA levels were normalized against j32-microglobulin and presented as a
PSA:/32-microglobulin ratio.

PSA RIA. The PSA protein was measured in cell culture supernatants from
LNCaP cells. Cells (2 x 10J cells/well) were grown in the presence of 10%

PCS for 24 h on 24-well plates. Afterward, the cells were incubated in medium
containing 2% charcoal-stripped PCS in the presence of androgen. IL-6. AR

antagonists, and PK inhibitors for 72 h. In addition. PSA was measured in
supernatants from cells incubated with IL-6 in serum-free medium. PSA values

were expressed in relation to cellular protein levels, which were determined by
the method described by Bradford (31 ).

Cell Viability. Cell viability after treatment of DU-145 and LNCaP cells

with PK inhibitors was determined by means of the MTT assay. The assay was
performed following experimental protocol described by Cronauer et al. (32).

Statistical Analysis. Mann-Whitney U tests were used to investigate sig

nificant differences among our experimental groups. Probability values of
P < 0.05 were considered statistically significant.

RESULTS

AR Activation by IL-6 in Transfected Prostate Cancer Cells.
Incubation of DU-145 cells, which were cotransfected with the
androgen-inducible indicator gene ARE-.TATACAT and the AR ex

pression vector pSGSAR, with increasing concentrations of R1881
yielded a dose-dependent increase in indicator gene activity. The

maximal activity was achieved with l nM R1881. This androgen, at
concentrations of 5 and 10 pM, caused 25 and 32% increase in reporter
gene activity, respectively. IL-6 caused ligand-independent and li-
gand-dependent induction of CAT activity. Androgen-independent
effects of IL-6 on AR activity were concentration dependent with

maximal induction at 50 ng/ml (Fig. 1A). The mean value of reporter
gene activity stimulated by 50 ng/ml of IL-6 was 67% of that induced

by 1 nMR1881 (Fig. 1A). Similar stimulation of reporter gene activity
by IL-6 was measured in experiments in which DU-145 cells were
cultured in serum-free medium (data not shown). IL-6 did not induce

reporter gene activity in experiments in which the AR expression
vector was replaced with the empty vector pSG5. To obtain additional
proof that IL-6 effects are AR-mediated, cotransfected DU-145 cells
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Fig. I. Stimulation of reporter gene activity in DU-145 cells transtectcd with the
reporter plasmici ARE,TATACAT and the AR expression vector pSGSAR. Cotransfected
cells were treated with either R1881 or IL-6 (A) and with R1881 and IL-6 lor 24 h (fi) in

the absence (^) or presence (â€¢)of the nonsteroidal antiandrogen hicalutamide. CAT
activity induced by I DMR1881 was set as 100*. Mean values were calculated from four
independent experiments; bars, SE.

were coincubated with IL-6 and the antiandrogen bicalutamide. This

compound was demonstrated previously to be able to block AR
activity induced by PK activators (25-27). Bicalutamide was effective

in inhibition of reporter gene activity not only in the presence of
androgen but also in the presence of IL-6 (Fig. \A). This finding
confirms that IL-6 effects are mediated through the activation of the
AR. Then we investigated the regulation of AR activity in DU-145
cells by low concentrations of androgen and IL-6 (Fig. IÃŸ).A strong

synergistic effect was observed after cotreatment with R1881 and
IL-6. In the presence of 10 ng/ml of IL-6. the concentration of R1881

needed for maximal activation of the AR was only 10 pM. Interest
ingly, synergistic effects of IL-6 were less pronounced when concen

trations higher than 25 ng/ml were used. This type of activation of the
AR was nearly completely blocked by bicalutamide as well (Fig. IB).

Down-Regulation of AR Activity by PK Inhibitors. Recent stud
ies suggested involvement of PK pathways in the regulation of tran-
scriptional activity of the AR (25-27). We investigated the role of

these signaling pathways in both steroidal and nonsteroidal activation
of the AR. Initially, cotransfected DU-145 cells were incubated with
androgen and either the PKA-specific inhibitor, PKI, the PKC inhib
itor bisindolylmaleimide, or the mitogen-activated protein kinase ki-

nase inhibitor PD 98059. These inhibitors did not affect the viability
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inhibits the proliferation of ER-positive breast cancer cells (47).
However, autocrine and paracrine growth-promoting effects of IL-6

on the three prostate cancer cell lines were reported recently ( 17, 21 ).
The effect of IL-6 on tyrosine phosphorylation of the growth factor

receptor ErbB2 and MARK activation was demonstrated to be asso
ciated with growth stimulation of LNCaP cells (21)- One of the
reasons for these divergent results may be differences in the levels of
expression of intracellular kinases in LNCaP sublines used in various
laboratories. In our study, however, IL-6 stimulated MAPK pathways

and caused growth inhibition in LNCaP cells. It is recognized that
MAPK activation may be associated with both growth stimulation and
inhibition, depending on cell type, duration of treatment, and avail
ability of downstream enzyme targets. It was reported that IL-6
decreases proliferation and activates MAPK pathways in MG-63

human osteoblastic cells (48).
IL-6 effects on AR activity in both DU-145 and LNCaP cell lines

were blocked by the nonsteroidal antiandrogen bicalutamide. This
finding is in agreement with a number of observations that AR
antagonists inhibit nonsteroidal activation (25-27, 42-44, 49). In

contrast, several PR and glucocorticoid receptor antagonists acquire
agonistic properties in the presence of PK activators (50, 51). Thus,
the AR is unique among steroid receptors because acquisition of
agonistic characteristics due to nonsteroidal activation has never been
reponed for antiandrogens.

Our experiments in which prostate cancer cells were incubated with
IL-6 and PK inhibitors provided some information about the interme
diary signaling events between the IL-6 receptor and the AR. The
inhibitors of PKA, PKC, and MAPKs down-regulated reporter gene
activity induced by IL-6 in our experiments. These findings provide

comprehensive evidence that PKA. PKC. and MAPK pathways are
required for AR activation by IL-6. Moreover, a partial inhibition of
androgen-induced reporter gene activity was measured with PKI. Our
observation as to the ability of PKI to diminish androgen-induced

reporter gene activity is consistent with that of Nazareth and Weigel
(26). It suggests a regulatory role for PKA in both steroidal and
nonsteroidal activation of the AR. In LNCaP cells, which express the
endogenous AR, PKI was not effective in inhibition of androgen-

induced PSA secretion. The reasons for differences in action of PKI
in transfected and nontransfected cells are not clear at present. Inabil
ity of PKI to reverse stimulatory effects of androgen on PSA protein
secretion in prostate expiants was reported by Nakhla et al. (44).

In summary, the results of our study clearly show that intracellular
signaling of IL-6 interacts with the androgen signaling pathway. This
communication between signaling pathways results in the up-regula-
tion of AR activity and prostate-specific protein expression. In view of
the fact that prostate cancers express IL-6, IL-6 receptors, and the AR,

the interactions described in the present study may have clinical
significance. Further investigations will probably focus on character
ization of this cross-talk in other prostate carcinoma models.
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