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Interleukin 6 (IL-6) plays important roles in the im-
une system, hematopoiesis, as well as the growth of

arious tumors. Androgens are important in the initi-
tion and progression of prostate cancer and their
ffects are mediated by androgen receptor (AR). Here
e present a molecular mechanism for the effects of

L-6 on prostate cancer cells through a cross-talk be-
ween IL-6 and AR signaling pathways. IL-6-induced
ctivation of signal transducer and activator of tran-
cription 3 (STAT3) was augmented by AR in the pres-
nce of dihydrotestosterone (DHT). In addition, DHT
reatment augmented endogenous STAT3-mediated
ene expression by IL-6. Conversely, DHT-induced AR
ctivity was increased by IL-6, and a dominant nega-
ive form of STAT3 inhibited AR activation. In con-
rast, DHT-mediated enhancement of STAT3 activa-
ion was inhibited by flutamide, an AR antagonist. We
rovide evidence that these activities are due to direct
hysical interactions between STAT3 and AR in pros-
ate cancer cells. © 2001 Academic Press

Key Words: IL-6; androgen receptor (AR); signal
ransducer and activator of transcription 3 (STAT3);
ross-talk; coactivator.

Interleukin-6 (IL-6) is a pleiotropic cytokine that
egulates immune and inflammatory responses (1, 2).
L-6 also acts as a growth regulator in many malignant
umors, including prostate carcinoma (3, 4). Both IL-6
nd IL-6 receptor are expressed in prostate carcinoma
ell lines (3). IL-6 also stimulates the growth of pros-

This work was supported by Grants-in-Aid for Scientific Research
rom the Ministry of Education, Science, Sports, and Culture in
apan and Norwegian Cancer Society.

1 To whom correspondence should be addressed. Fax: 81-76-434-
019. E-mail: tmatsuda@ms.toyama-mpu.ac.jp.
179
actor (4). The receptors for the IL-6 family of cytokines
hare the gp130 molecule through which signals are
enerated, although the cytoplasmic region of gp130
oes not contain any catalytic domain. Instead, the
anus kinase (Jak) family of protein kinases constitu-
ively associate with gp130 and are activated by the
L-6 family of cytokines (5), leading to the tyrosine-
hosphorylation and activation of signal transducer
nd activator of transcription (STAT) family of tran-
cription factors.
One member of the STAT family of proteins is

TAT3 which is mainly activated by IL-6 family of
ytokines, epidermal growth factor, and leptin (2, 5).
ike other members of the STAT family, STAT3 is
yrosine-phosphorylated by Jak kinases, then forms a
imer and translocates into the nucleus to activate
arget genes (6, 7). It has been shown that the acti-
ated STAT3 can mediate cellular transformation (8,
) and constitutively active STAT3 is found in bone
arrow mononuclear cells from patients with multiple
yelomas (10).
Androgen receptor (AR) mediates the effects of an-

rogens and plays a central role in prostate cancer
rogression (11). In the beginning stages of the disease,
he growth of prostate cancer is dependent on andro-
ens. This is the basis for androgen ablation therapy
hich results in the involution of the tumor (12). How-
ver, in most cases, it progresses to an androgen-
ndependent phenotype at which time there is no cur-
tive therapy available (13).
AR activates transcription through interaction with

ndrogen response elements (AREs) that are in the
icinity of the androgen responsive genes, such as pros-
ate specific antigen (PSA), tissue kallikrein 4 (KLK4),
nd probasin (PB) (11). Recent studies have docu-
0006-291X/01 $35.00
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mented that various signaling cascades, such as those
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RESULTS AND DISCUSSION

A

b
p
t
a
w
t
m
i
y
d
p
1
e
I
m
C

I
g
p
I
m
o
i
t
e
c
w
T
g

a
e
a
p
t
p
F
t
p
a
c
n
g
a

S

t

Vol. 283, No. 1, 2001 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
nitiated by ErbB2 and IL-6, can also activate AR and
he transcription of its target genes (14–16). In addi-
ion, a recent report demonstrated that IL-6 activates
R-mediated gene expression through STAT3 (17).
In this study, we have examined the molecular basis

or the cross-talk between IL-6 and AR signaling cas-
ades and found that it occurs by direct physical and
unctional interactions between STAT3 and AR in
rostate cancer cells.

ATERIALS AND METHODS

Reagents and antibodies. Human recombinant IL-6 was a kind
ift from Ajinomoto (Tokyo, Japan). Human recombinant LIF was
urchased from INTERGEN (Purchase, NY). Dihydrotestosterone
DHT) was purchased from Wako Chemicals (Osaka, Japan). Flut-
mide was purchased from Sigma (St. Louis, MO). HA-tagged STAT3
r Jak1, -285PB-LUC (18), STAT3-LUC (19), FLAG-tagged STAT3
nd DN-STAT3 in pEFBOS (20), C/EBPd cDNA (21) and STAT3-C
8) were kindly provided by Dr. J. N. Ihle (St. Jude SRH, Memphis,
N), Dr. J. Palvimo (University of Helsinki, Finland), Dr. T. Hirano

Osaka Univ., Osaka, Japan), Dr. S. Akira (Osaka Univ., Osaka,
apan), and Dr. J. F. Bromberg (Rockefeller Univ., New York, NY),
espectively. C-terminal deletion mutants of AR have previously
een described (22). Anti-HA, anti-STAT3 and anti-AR antibodies
ere purchased from Santa Cruz Biotechnology (Santa Cruz). Anti-
LAG M2 was purchased from Upstate Biotechnology (Lake Placid,
Y).

Cell culture, transfections, and luciferase assays. The human
rostate carcinoma cell line LNCaP was maintained as described
reviously (23). Before stimulation, the cells were cultured for 24 h in
PMI 1640 containing 2% TCM (ICN) followed by treatment with

L-6 and/or DHT (23). LNCaP cells (2–2.5 3 105 in a 6-cm dish) were
ransfected by using LipoTAXI (Stratagene) following the manufac-
urer’s instructions. 293T cells were transfected in DMEM contain-
ng 1% FCS by the standard calcium precipitation protocol. Lucif-
rase assay was performed as described (24). The cells were
arvested 48 h after transfection and lysed in 200 ml of PicaGene
eporter Lysis Buffer (Tokyo Ink, Tokyo, Japan) and assayed for

uciferase and b-galactosidase activities according to the manufac-
urer’s instructions. Luciferase activities were normalized to the
-galactosidase activities.

Northern blot analysis. LNCaP cells were maintained as de-
cribed above. After serum starvation, cells (1 3 107) were treated
ith IL-6 (100 ng/ml) and/or DHT (1028 M) for 3 or 6 h. Total RNAs
ere prepared by using Iso-Gen (Nippon Gene) and used in Northern
nalysis according to the established procedures. A nylon membrane
Hybond N1, Amersham Pharmacia Biotech) and radiolabelled
DNA probes were used, where indicated.

Immunoprecipitation and immunoblotting. The immunoprecipi-
ation and Western blotting were performed as described previously
24). Cells were harvested and lysed in lysis buffer (50 mM Tris–HCl,
H 7.4, 0.15 M NaCl, containing 0.5% NP-40, 1 mM sodium or-
hovanadate, 1 mM phenylmethylsulfonyl fluoride and 10 mg/ml each
f aprotinin, pepstatin and leupeptin).
The immunoprecipitates from cell lysates were resolved on 5–20%

DS–PAGE and transferred to Immobilon filter (Millipore, Bedford,
A). The filters were then immunoblotted with each antibody. Im-
unoreactive proteins were visualized using an enhanced chemilu-
inescence detection system (Amersham Pharmacia Biotech).
180
ndrogens Stimulate IL-6-Induced Gene Expression
in LNCaP Cells

To examine the molecular basis of the cross-talk
etween IL-6 and androgen signaling pathways in
rostate cancer cells, we first assessed changes in
yrosine-phosphorylation of STAT3, which trigger its
ctivation, in LNCaP cells. To that end, LNCaP cells
ere either left untreated or treated with IL-6, and

heir cell extracts were prepared and subjected to im-
unoprecipitation using an anti-STAT3 antibody. The

mmunoprecipitates were then used in Western anal-
sis with an antibody against phospho-tyrosine resi-
ues. As shown in Fig. 1A, STAT3 was tyrosine-
hosphorylated by IL-6 treatment in LNCaP cells (Fig.
A). There were similar amounts of STAT3 present in
xtracts prepared from untreated cells compared with
L-6-treated cells. These data show that IL-6 treat-
ent results in characteristic STAT3 activation in LN-
aP cells.
To examine whether androgens have any effect on

L-6-induced transcriptional activation of cellular
enes, we carried out Northern analysis on RNA sam-
les prepared from LNCaP cells which were induced by
L-6 and/or androgens. As a target for IL-6/STAT3-
ediated gene expression, we analyzed the expression

f C/EBPd (CCAAT/enhancer binding protein d) which
s a regulator of acute-phase response genes in hepa-
ocytes (25). As shown in Fig. 1B, IL-6 induced C/EBPd
xpression in LNCaP cells which was dramatically in-
reased in the presence of dihydrotestosterone (DHT),
hereas DHT alone did not induce C/EBPd expression.
hese data suggest that DHT potentiates IL-6-induced
ene expression.
Conversely, to assess whether IL-6 has an effect on

ndrogen regulated gene expression, we examined the
xpression of KLK4/ARM-1, a recently discovered
ndrogen-regulated gene that belongs to the serine
rotease gene family (26). The same blot used above in
he experiment with C/EBPd was stripped and re-
robed with a KLK4/ARM1 cDNA probe. As shown in
ig. 1B, DHT induced KLK4/ARM-1 mRNA accumula-
ion, but IL-6 alone did not have any effect. In the
resence of both DHT and IL-6, KLK4/ARM1 mRNA
ccumulation was increased approximately twofold
ompared with DHT alone, whereas there was no sig-
ificant change in the expression of the housekeeping
ene G3PDH. These results suggest that IL-6 potenti-
tes androgen regulated gene expression in vivo.

ynergistic Transcriptional Activation by IL-6 and
DHT in LNCaP Cells

We then measured the effects of IL-6 and DHT on
he activities of STAT3 and AR in a transient transfec-
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ion assay. The STAT3-mediated transcriptional re-
ponses were measured by using STAT3-LUC, in
hich the a2-macroglobulin promoter (19) drives ex-
ression of the LUC gene. AR activity was monitored
y using 2285PB-LUC in which a deletion derivative
f the probasin promoter drives expression of the LUC
ene (18). First, LNCaP cells were transfected with
TAT3-LUC and treated with increasing amounts of
L-6 and/or DHT. As shown in Fig. 2A, IL-6 stimulated
TAT3-mediated transcription in a dose-dependent
anner, whereas DHT did not affect STAT3-LUC ac-

ivity. When cells were treated with both IL-6 and
HT, 50–60% higher activity was observed compared
ith that observed with IL-6 alone. These data are

onsistent with the findings on the activation of endog-
nous C/EBPd expression (Fig. 1B).
To assess whether the observed effects were medi-

ted through STAT3 or some other intermediary fac-

FIG. 1. IL-6-induced tyrosine phosphorylation of STAT3 and syne
n LNCaP cells. (A) IL-6-induced tyrosine phosphorylation of STAT
ysates were immunoprecipitated with control IgG or anti-STAT3 and
lot was stripped and reprobed with anti-STAT3 (lower panel). (B)
RNAs by IL-6 and/or DHT in LNCaP cells. Northern blot analysis

nd/or DHT (1028 M) for the indicated time. The fold induction of C
ntensity. Glyceraldehyde-3-phosphate dehydrogenase (G3PDH) mR
181
ors, we used a dominant negative form of STAT3
DN-STAT3) (20). As expected, DN-STAT3 signifi-
antly inhibited IL-6-induced STAT3-LUC expression
n a dose-dependent fashion (Fig. 2B). Similarly, DN-
TAT3 down-regulated STAT3-LUC expression in-
uced by IL-6 and DHT. These data suggest that the
ffect of DHT on STAT3-LUC activity is mediated by
TAT3.
To assess whether AR may be directly involved in
HT-induced STAT3 activation, we utilized the anti-
ndrogen flutamide that binds to and inhibits AR (27).
NCaP cells were transfected with STAT3-LUC and
reated with IL-6 in the absence or presence of DHT
nd/or flutamide. DHT-induced STAT3 activation was
uppressed in the presence of flutamide (Fig. 2C).
hese results suggest that DHT-induced increase in
TAT3-LUC activity is directly mediated by AR in
NCaP cells.

stic effect of IL-6 and DHT on induction of C/EBPd and KLK/ARM-1
NCaP cells (1 3 107) were stimulated with IL-6 (100 ng/ml). Cell

munoblotted with anti-phosphotyrosine antibody (upper panel). The
duction of C/EBPd (upper panel) and KLK4/ARM-1 (middle panel)
20 mg of total RNA from LNCaP cells treated with IL-6 (100 ng/ml)
BPd and KLK4/ARM-1 expression was shown as the densitometric
is included as a loading control (lower panel).
rgi
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We also assessed whether IL-6 has any effect on AR
ranscriptional activity using the androgen dependent
eporter construct 2285PB-LUC. LNCaP cells were
ransfected with 2285PB-LUC, and then treated with
ncreasing amounts of IL-6 and/or DHT, and LUC ac-
ivities were determined. As shown in Fig. 2D, DHT
lone stimulated AR-mediated transcription in a dose-
ependent manner, whereas IL-6 did not affect
285PB-LUC activity. When cells were treated with
oth IL-6 and DHT, there was an approximately two-
old higher activity of 2285PB-LUC in the presence of
L-6 compared with that observed with DHT alone.

These results suggested that the IL-6 signaling path-
ay may increase AR transcriptional activity. To as-

ess if STAT3 is involved in this process, we again used
N-STAT3 (20). LNCaP cells were transfected with
285PB-LUC, either alone or in combination with DN-
TAT3. Cells were then either treated with DHT alone
r DHT plus IL-6 and 2285PB-LUC activity was de-
ermined. As shown in Fig. 2E, ectopic expression of

FIG. 2. Synergistic transcriptional activation between IL-6 and D
TAT3-LUC (1 mg) (A, B, C) or 2285PB-LUC (1 mg) (D, E) together w
ours after transfection, cells were stimulated for an additional 12 h w
nd 1029 M of DHT with or without DN-STAT3 (B, E), with or withou
arvested and relative luciferase activities were measured. The resu
xperiments, and the error bars represent the standard deviations.
182
N-STAT3 inhibited IL-6-induced enhancement of
285PB-LUC activity.

ross-Talk between STAT3 and AR Signaling
Pathways in 293T Cells

Previous studies have shown that p300/CBP is in-
olved in STAT3- or AR-mediated transcriptional acti-
ation (22, 28, 29). To avoid any effects of endogenous
300/CBP and to further delineate the details of the
ross-talk between STAT3 and AR signaling pathways,
o-transfection assays were performed in the adenovi-
us transformed embryonic kidney carcinoma cell line
93T, in which endogenous E1A suppresses p300/CBP
30). 293T cells were transfected with STAT3-LUC
ith or without an expression vector for AR and cells
ere stimulated with increasing amounts of Leukae-
ia Inhibitory Factor (LIF) in the absence or presence

f DHT. We utilized LIF instead of IL-6 to activate
TAT3-LUC in 293T cells, because LIF was shown to

in LNCaP cells. LNCaP cells in 6-cm dishes were transfected with
either DN-STAT3 or the pEFBOS empty vector (B, E). Forty-eight
various concentrations of IL-6 and/or DHT (A, D), 100 ng/ml of IL-6

-6 (100 ng/ml), DHT (1029 M), and flutamide (1025 M) (C). Cells were
are presented as fold induction of luciferase activity from triplicate
HT
ith
ith

t IL
lts
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timulate STAT3-LUC more effectively than IL-6 in
hese cells (data not shown). As shown in Fig. 3A,
TAT3-LUC activity was augmented by increasing
mounts of LIF, whereas DHT alone did not have an
ffect. In the presence of AR, STAT3-LUC was en-
anced approximately twofold when cells were simul-
aneously treated with LIF and DHT. These results
ndicate that cross-talk between AR and IL-6 signaling
ccurs in 293T cells similar to that observed in LNCaP
ells, suggesting that this process is not mediated by
BP/p300.
To assess whether the increase induced by DHT on

TAT3-LUC activity is mediated by STAT3, we uti-
ized DN-STAT3 as in LNCaP cells (Fig. 2B). 293T cells
ere transfected as described in Fig. 3A in the pres-

FIG. 3. Reconstitution of cross-talk between STAT3 and AR signa
A, B, C) or 2285PB-LUC (1 mg) (D, E) together with AR expressi
N-STAT3 (B, E), 48 h after transfection, cells were stimulated for
00 ng/ml of LIF and/or 1029 M of DHT (B, E), or with or without
utamide as indicated (C), and relative luciferase activities were mea
rom triplicate experiments, and the error bars represent the standa
183
nce or absence of DN-STAT3. As shown in Fig. 3B,
ctopic expression of DN-STAT3 inhibited DHT-
nduced increase in STAT3-LUC activation in a dose-
ependent manner, indicating that it requires intact
TAT3.
We then assessed the reverse situation for the effects

f STAT3 on AR activity in 293T cells, using 2285PB-
UC as a reporter gene. When AR was expressed in
93T cells, DHT strongly increased 2285PB-LUC ac-
ivity (Figs. 3D and 3E). DHT-induced 2285PB-LUC
ctivity was modestly augmented by LIF in 293T
ells, whereas LIF alone did not affect reporter activity
Fig. 3D).

To assess whether STAT3 is involved in 2285PB-
UC activation in 293T cells, we utilized DN-STAT3.

g in 293T cells. 293T cells were transfected with STAT3-LUC (1 mg)
construct (1 mg) or the empty pSG5 (1 mg), and/or various dose of
h with various concentration of LIF and/or DHT (1029 M) (A, D), or
F (100 ng/ml) and/or DHT (1029 M), and/or increasing amounts of
red. The results are presented as fold induction of luciferase activity
deviations.
lin
on
12
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FIG. 4. Interactions between STAT3 and AR. (A) 293T cells (2 3 107) were transfected with AR (10 mg) and HA-tagged STAT3 (5 mg)
ogether with Jak1 (1 mg). Forty-eight hours after transfection, cells were treated with or without DHT (1028 M) for 12 h. Cell lysates were
hen immunoprecipitated and immunoblotted with anti-HA or anti-AR as indicated. (B) Domain structure of AR and mutant fragments are
chematically shown. DBD and LBD indicate DNA-binding domain and the ligand-binding domain, respectively. 293T cells were transfected
ith STAT3-LUC (1 mg) (upper panel) or 2285PB-LUC (1 mg) (lower panel) either in the presence of empty pSG5 (1 mg), wild-type AR (1 mg),

r one of the mutants of AR (1 mg) as indicated. Forty-eight hours after transfection, cells were either left untreated or treated with LIF (100
g/ml) and/or DHT (1029 M), and relative luciferase activities were measured. The results are presented as fold induction of luciferase activity

rom triplicate experiments, and the error bars represent the standard deviations. (C) Mapping the STAT3 interaction domain of AR. 293T
ells were transfected with a series of AR mutants (10 mg) together with wild-type FLAG-STAT3 (5 mg) and Jak1 (1 mg) by calcium
184
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id not significantly change the DHT-induced activa-
ion of 2285PB-LUC, suggesting that STAT3 is not
equired for this activity in 293T cells.

To further assess the specificity of AR/DHT function
n STAT3 activation 293T cells, we utilized the anti-
ndrogen, flutamide. STAT3-LUC/AR-transfected into
93T cells were treated with LIF in the absence or
resence of DHT and/or flutamide. As shown in Fig.
C, the effect of AR/DHT on STAT3 activation was
uppressed by flutamide when cells were treated with
ncreasing concentrations of flutamide. These results
ndicate that the effect of DHT on STAT3 activation in
93T cells is mediated by AR. Interestingly, the cross-
alk between STAT3 and either retinoic acid receptor
RAR) or 1a,25-dihydroxy vitamin D3 receptor (VDR)
ere not observed in 293T cells (31), suggesting that

he potentiation of STAT3 activation in 293T cells is
ot a general phenomenon for nuclear receptors, but is
ighly specific for AR.

TAT3 and AR Physically Interact in Vivo

The data described above suggested that there may
e direct physical interactions between AR and STAT3.
e tested this possibility by coimmunoprecipitation

xperiments. Expression vectors encoding wild-type
R and Hemagglutinin A epitope (HA)-tagged STAT3
ere transiently transfected into 293T cells together
ith Jak1. After DHT stimulation, cells were lysed and

ubjected to immunoprecipitation with either an
nti-AR monoclonal antibody or anti-HA antibody. Im-
unoprecipitates were then used in Western analysis.
s shown in Fig. 4A, AR and STAT3 were found to be

n a complex regardless of which one was immunopre-
ipitated first. Interestingly, STAT3-AR interactions
ere substantially increased in the presence of DHT

Fig. 4A). Similar results were obtained in co-
mmunoprecipitation experiments using LNCaP cells
ysates (data not shown).

To delineate the sites in the AR that mediate the
rotein-protein interactions between STAT3 and AR,
oimmunoprecipitation experiments were performed
ith a series of mutant AR proteins. As shown in Fig.
B, wild-type AR and AR(1–714) are efficient activa-
ors of DHT-induced 2285PB-LUC activation, whereas
he deletion mutants AR(1–566) and AR(1–503) did not
ignificantly stimulate 2285PB-LUC in 293T cells, be-
ause they lack a functional DNA-binding domain

recipitation method. Forty-eight hours after transfection, cells were
20 mg) (upper panel) and the immunoprecipites with anti-FLAG M2
eprobed with anti-FLAG M2 (lower panel). The asterisks indicate th
ells were transfected with STAT3-LUC (1 mg) together with STAT3-
orty-eight hours after transfection, cells were harvested and relativ

nduction of luciferase activity from triplicate experiments, and the
185
asal level of expression of 2285PB-LUC even in the
bsence of DHT, which did not change in response to
HT. These data are in agreement with our previous
ndings in PC3 cells (22). In parallel with AR activa-
ion, both wild-type AR and AR(1–714), but not AR(1–
66) and AR(1–503), stimulated STAT3 activation by
IF. Coimmunoprecipitation experiments using these
eletion mutant AR revealed that AR deficient in LBD
lone, or LBD plus DBD could still interact with
TAT3. In contrast, AR(1–333), which encodes only
art of the N-terminal domain, lost the ability to inter-
ct with STAT3 (Fig. 4C). These data suggest that an
ntact N-terminus is required for AR to interact with
TAT3.

Constitutively Active AR Augments STAT3
Promoter Activation by an Active Form of STAT3

Several studies demonstrated that IL-6 stimulates
R-mediated gene expression in prostate carcinoma
ells via STAT3 as well as ErbB2 (14–17). To show the
irect effect of AR on potentiation of STAT3 activation,
e used a constitutively active form of STAT3,
TAT3-C (8), and constitutive active AR(1–714) as de-
cribed in Fig. 4B. 293T cells were transfected with
TAT3-LUC together with expression vectors for
TAT3-C and/or AR(1–714), and the LUC activities
ere measured. As shown in Fig. 4D, STAT3-LUC
ctivity was stimulated by STAT3-C, whereas AR(1–
14) alone did not affect this activity. However, AR(1–
14) markedly augmented STAT3-LUC activition by
TAT3-C. These results indicate the presence of a di-
ect cross-talk between STAT3-C and AR(1–714) on
TAT3 activation in 293T cells.

ONCLUSIONS

We have shown here that AR potentiates IL-6 sig-
aling mediated by STAT3 in prostate cancer cells and
hat active AR directly associates with and acts as a
ranscriptional coactivator for STAT3. DHT treatment
ugmented endogenous STAT3-mediated C/EBPd gene
xpression in LNCaP cells by IL-6 as well as STAT3-
ependent reporter activity in LNCaP and 293T cells.
otentiation of STAT3 activation by DHT/AR was sup-
ressed by the anti-androgen, flutamide. Conversely,
he increase in AR activity by IL-6 was blocked in the

sed and immunoprecipitated with anti-FLAG M2. Total cell lysates
iddle panel) were blotted with anti-AR. The blot was stripped and
igration position of the wild-type AR or deletion mutants. (D) 293T

nd/or AR(1–714) expression construct (1 mg) or control vector (1 mg).
ciferase activities were measured. The results are presented as fold
or bars represent the standard deviations.
ly
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icate that STAT3 associates with AR in an androgen-
ependent manner and the amino terminal domain of
R plays an essential role in STAT3-AR interaction.
ecently, we demonstrated that there is a physical

nteraction between a STAT3 inhibitor, PIAS3 (32),
nd AR under high stringency conditions when these
wo molecules were expressed in 293T cells (33). This
uggests that endogenous PIAS3 in these cell lines is
nvolved in the interaction of STAT3 and AR. However,
uch an involvement by PIAS3 does not rule out the
otentiation of STAT3 by AR activation, because
IAS3 inhibits the activation of both STAT3 and AR.
A recent report suggested that IL-6 activates AR-
ediated gene expression through STAT3 and STAT3

ssociates with AR in an androgen-independent, but
L-6-dependent manner in LNCaP cells (17). In con-
rast, our coimmunoprecipitation experiments in ec-
opically expressed proteins in 293T cells show that
R-STAT3 interactions are highly dependent on an-
rogens. We do not know the basis of this difference.
owever, the use of different cell lines and source of
roteins may be responsible; further work is required
o find the reasons for these different results.

Moreover, STAT3 activation enhanced AR-mediated
ranscription in LNCaP cells as previously described
22), but not in 293T cells. In LNCaP cells, IL-6 may
timulate AR-mediated transcription via other signal-
ng pathways, such as the MAPK cascade modulation
f AR activity (34).
It was previously reported that the interaction be-

ween STAT3 and GR enhances GR-mediated tran-
cription but not STAT3-mediated transcription, sug-
esting that STAT3 is a transcriptional coactivator for
R, but not vice versa (35). However, our results sug-
est another form of interaction between STAT3 and
R in prostate cancer cells which leads to the syner-
istic transactivation at the STAT3-dependent pro-
oters.
Identification of this novel form of cross-talk between

TAT3 and AR in prostate cancer cells may be clinical
mplications on the progression of androgen- or
ormone-sensitive tumors. STAT3 is activated by a
ariety of growth factors other than IL-6, such as
latelet-derived growth factor, epidermal growth fac-
or, growth hormones, and leptin (6, 7). It has been also
hown that STAT3 is activated by the ErbB receptor
36). In recent studies, IL-6 was shown to induce ty-
osine phosphorylation of ErbB2 receptor via an IL-6
ignal transducer, gp130, in prostate carcinoma cells
15). Moreover, ErbB2 is shown to enhance AR activity
n prostate carcinoma cells (16). Taken together, IL-6

ay play an important role on STAT3 activation via
rbB2 and AR in prostate carcinoma cells.
Conversely, an important way to regulate AR func-

ion is thought its interaction with other transcrip-
186
TAT3 is significant since STAT3 has been recently
hown to act as an oncoprotein. Using dominant neg-
tive STAT3 molecules, it was found that the v-src- or
205L Gao-mediated cell transformation required
TAT3 activation (8, 9). Furthermore, it has been dem-
nstrated that an engineered constitutive active
TAT3 acts as a sole transforming agent (8). The exis-
ence of constitutive active form of STAT3 was also
emonstrated in bone marrow mononuclear cells from
atients with multiple myelomas (10). Thus, similar to
hese examples, STAT3 may be an important regulator
f AR function and thereby may have important roles
n the progression of prostate cancer. Further under-
tanding of the cross-talk between STAT3 and AR is
herefore important as this new information may pro-
ide new therapeutic approaches for prostate cancer.
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