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ABSTRACT CREB-binding protein (CBP) is a transcrip-
tional coregulator that interacts with different DNA binding
proteins and components of the general transcription ma-
chinery. CBP enhanced androgen receptor (AR)-dependent
transcription under transient transfection conditions in CV-1
cells. The ligand binding domain (LBD) and residues 38–296
of the N-terminal region of AR are not required because the
activity of a receptor mutant devoid of these domains was
augmented by coexpressed CBP. There is physical interaction
between AR and CBP in vivo, as judged by coimmunoprecipi-
tation experiments from cell extracts. Consistent with the role
of CBP as a coactivator for AR, the 12S E1A adenoviral protein
that inactivates CBP function strongly inhibited AR-
dependent transactivation. Exogenous CBP was also capable
of overcoming the inhibitory effect of AR on AP-1 activity and
diminished the mutual transcriptional repression between AR
and NF-kB (RelA). Collectively, these data imply that tran-
scriptional interference between AR and AP-1 or NF-kB is
mediated, at least in part, through competition for intracel-
lular CBP and that this coactivator serves as an integrator
between androgen-mediated and other signaling pathways.

Androgens, like other steroid hormones, act through intracel-
lular receptors that belong to the superfamily of ligand-
activated transcription factors, the nuclear receptors (1, 2).
Subsequent to hormone binding, androgen receptor (AR)
acquires a new conformation that is capable of interacting not
only with specific androgen response elements (AREs) located
near or within the promoter regions of regulated genes but also
with other transcription-regulating proteins and cofactors.
Depending on the physiological context, these interactions
promote either activation or repression of specific genes or
gene networks that govern the regulation of development,
differentiation, and maintenance of male reproductive func-
tions.

Transcriptional regulation requires the participation of at
least three classes of proteins: (i) proteins that recognize
specific DNA motifs, (ii) proteins that are recruited to pro-
moters by protein–protein interactions and act as transcrip-
tional coactivators or corepressors, and (iii) proteins that alter
the architecture of chromatin (3). To initiate transcription,
nucleotide-sequence-specific factors such as steroid receptors
have to communicate with components of the basal transcrip-
tion apparatus. The mechanisms by which these proteins
convey their activating andyor repressing functions to the basal
transcription machinery are not fully understood. Several
nuclear receptors have been reported to interact directly with
components of the basal transcription apparatus, such as
TFIIB, TFIIF, and the TATA box binding protein (4–7).
Alternatively, coactivators or corepressors can act as bridging
molecules between steroid receptors and general transcription
factors (for review, see ref. 8).

The CREB-binding protein (CBP) was originally identified
as a coactivator for CREB, the cAMP response element
binding protein. CREB binds to CBP only when it is phos-
phorylated by protein kinase A (9). In addition to CREB, CBP
interacts directly with TFIIB and may thereby act as a bridging
factor between CREB and the basal transcription apparatus
(10). CBP has also been reported to associate with RNA
polymerase II and to recruit the polymerase to phosphorylated
CREB (11). In addition to being a transcriptional adapter,
CBPyp300 was recently shown to have histone acetyltrans-
ferase activity (12) and to associate with another cellular factor
(PyCAF) with histone acetylase activity (13).

In addition to CREB, CBPyp300 associates with several
other sequence-specific factors, including c-Jun (14, 15), c-Fos
(16), c-Myb (17, 18), v-Myb (18), Sap-1a (19), Elk-1 (20),
SREBP (21), NF-kB (22, 23), and members of the nuclear
receptor superfamily (24–28). Transcriptional activity of reti-
noic acid receptor (RAR), thyroid hormone receptor, retinoid
X receptor, glucocorticoid receptor (GR), and estrogen re-
ceptor is enhanced by CBP (24–28). CBPyp300 forms a
complex with the coactivator SRC-1yERAP160 and this com-
plex, in turn, interacts with the ligand binding domain (LBD)
of the RAR, thyroid hormone receptor, and estrogen receptor
(24, 26–28). Moreover, competition for limiting amounts of
intracellular CBP has been observed to result in inhibition of
AP-1 activity by RAR and GR (24). Thus, CBP and p300 are
coactivators that are used by many transcriptional regulators
and that appear to be involved in cross-talk between different
signaling pathways.

In the present work, we demonstrate that CBP is a coacti-
vator for AR-dependent transactivation. Moreover, competi-
tion for intracellular CBP is responsible, at least in part, for
repression of AP-1 activity by AR and for mutual transcrip-
tional interference between AR and NF-kB (RelA).

MATERIALS AND METHODS

Materials. Rat (r) and human (h) AR expression vectors
have been described (29, 30). Deletion mutants rARD641–902
and rARD38–296yD641–902 were constructed from pSG5-
rAR by PCR (31). pSG5-hGR was created by inserting human
GR coding sequence from pGH0 (a gift from Pierre Chambon,
University of Strasbourg 1, Illkirch, France) as a BamHI
fragment into the BamHI site of pSG5 (Stratagene). CBP
expression vector pRSV-CBP (9) was a gift form Richard H.
Goodman (Vollum Institute, Oregon Health Sciences Univer-
sity, Portland, OR). pSG5-CBP was constructed by inserting a
BamHI fragment of pRSV-CBP into the polylinker region of
pSG5. pGRE2-E1b-CAT (termed pARE2-E1b-CAT in this
report) was obtained from John A. Cidlowski (National Insti-
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tute of Environmental Health Sciences, Research Triangle
Park, NC). pARE4tk-LUC was made by inserting a duplicated
C3(1) ARE into the SmaI site of pARE2-tk-LUC vector (30,
31). FLAG-tagged AR expression vector (pcDNA3.1-FLAG-
rAR) was constructed as described (A-M. Moilanen, Institute
of Biomedicine, University of Helsinki, Helsinki, Finland,
personal communication). Expression vector encoding hRelA
(pCMV-p65) and pkB6tk-LUC reporter were gifts from
Patrick Baeuerle (Alberts-Ludwig Universität, Freiburg, Ger-
many) (32). p75–1050CAT was provided by Mart Saarma
(Institute of Biotechnology, University of Helsinki, Helsinki,
Finland). [3H]Acetyl-CoA was obtained from New England
Nuclear and the luciferase (LUC) assay reagent was from
Promega. Affinity-purified rabbit polyclonal antibody against
human CBP (A-22) was purchased from Santa Cruz Biotech-
nology. Mouse monoclonal antibody (M2) against the FLAG
epitope was purchased from Kodak.

Cell Culture and Transfections. CV-1 cells (American Type
Culture Collection) were maintained in DMEM containing
penicillin (25 unitsyml), streptomycin (25 unitsyml), and 10%
fetal bovine serum (FBS). Transfections were performed by
using the calcium phosphate precipitation method (29, 33). In
short, 0.5 3 106 or 1.5 3 106 cells were plated on a 60-mm or
a 10-cm dish, respectively, 24 h before adding the precipitate
containing the amounts of expression and reporter vectors
indicated. Eighteen hours after transfection, the cells received
fresh medium containing 2% charcoal-stripped FBS with or
without 25 nM testosterone or dexamethasone. Chloramphen-
icol acetyltransferase (CAT) and LUC activities were deter-
mined as described (34). For whole cell extracts, 5 3 106 COS-1
cells were transfected by electroporation with 10 mg of pcDNA
3.1-FLAG-rAR and 10 mg of pSG5-CBP as described (35).
Statistical analyses were carried out with two-tailed Student’s
t test.

Immunoprecipitation and Immunoblotting. Whole cell ex-
tracts were prepared by using modified RIPA buffer contain-
ing 20 mM TriszHCl (pH 7.8), 140 mM NaCl, 1 mM EDTA,
0.5% sodium deoxycholate, 0.5% Nonidet P-40, 1 mM phe-
nylmethylsulfonyl f luoride, 5 mM dithiobis(succinimidylpro-
pionate), and aprotinin (10 mgyml). The extracts were first
cleared with nonimmune rabbit serum and protein A-
Sepharose and then incubated with mouse monoclonal anti-
FLAG antibody for 1 h at 4°C, followed by an 1-h incubation
with 15 ml of protein A-Sepharose. After four washes with 0.5
ml of modified RIPA buffer, the pellets were resuspended in
electrophoresis sample buffer, boiled for 5 min, and analyzed
on a SDSy7.5% polyacrylamide gel. Proteins were transferred
to an Immobilon-P membrane and blotted with rabbit anti-
CBP antibody (35). Immunoblotting of AR was performed
with ARp3 antibody raised against a synthetic peptide corre-
sponding to residues 14–32 of rAR (30).

RESULTS

CBP Stimulates AR-Mediated Transcription. The ability of
CBP to modulate AR-mediated transcription was studied in
CV-1 cells, which do not express endogenous receptor protein.
Coexpression of CBP with rAR increased the activity of a
reporter gene driven by four AREs in front of the minimal
thymidine kinase promoter (pARE4tk-LUC) by 3.5-fold over
that with rAR alone in the presence of testosterone (P , 0.005;
Fig. 1A). Overexpression of CBP also enhanced slightly tran-
scriptional activity of AR in the absence of hormone. Basal
promoter activity was not affected by CBP (Fig. 1A). Com-
parable results were obtained with other reporters regulated by
AR, such as pARE2-E1b-CAT and the rat probasin gene
proximal promoter (ref. 31 and unpublished results), indicat-
ing that the effect of CBP on AR function was not a feature
specific for a given promoteryreporter construct. One possible
mechanism for CBP-mediated enhancement of AR function is

an increase in the amount of receptor protein. This was,
however, not the case, as illustrated by immunoblotting ex-
periments on extracts isolated from cells transfected with
pSG5-rAR in the presence or absence of pSG5-CBP (Fig. 1B).

CBP Interacts Physically with AR in Vivo. To study whether
CBP interacts with AR in intact cells, COS-1 cells were
transfected with CBP and FLAG-tagged AR expression vec-
tors. Protein complexes associated with AR were first immu-
noprecipitated with anti-FLAG monoclonal antibody, and the
precipitated proteins were then subjected to immunoblotting
with anti-CBP antibody. A protein of .200 kDa was recog-
nized in immunoprecipitates from cells transfected with both
CBP and AR in the presence of testosterone but not from cells
expressing CBP in the absence of AR (Fig. 2). The interaction
between CBP and AR was not significantly altered by the
presence of androgen, as judged by immunoprecipitation
experiments (Fig. 2, lanes 2 and 3).

Regions of AR Needed for Stimulation by CBP. CBP has
been shown to interact with LBDs of some nuclear receptors
(24–28). To examine whether the same was true for AR, CV-1
cells were cotransfected with CBP and rAR mutants devoid of
LBD (rARD641–902) or LBD and half of the N-terminal
region (rARD38 –296yD641–902). rARD641–902 and
rARD38–296yD641–902 receptor forms exhibit a constitutive
transactivation function that is comparable to that of the
liganded wild-type rAR, when minimal promoters driven by
ARE sequences are used (31). Coexpressed CBP enhanced the
transactivation ability of the two mutant ARs by 2-fold with

FIG. 1. CBP stimulates AR-mediated transactivation without al-
tering the amount of receptor protein. (A) CV-1 cells (0.5 3 106 cells
per 60-mm dish) were transfected with pARE4tk-LUC (1.5 mg), AR
expression vector (pSG5-rAR, 0.3 mg), and CBP expression plasmid
(pSG5-CBP, 3 mg). The total amount of DNA was kept constant by
adding empty pSG5 DNA when appropriate. Eighteen hours after
transfection, the cells received fresh medium with vehicle or 25 nM
testosterone (T) as indicated. After a 30-h culture, the cells were
harvested and LUC activity was determined. Reporter gene activities
are expressed relative to that achieved with pSG5-rAR in the presence
of testosterone, and data are the mean 6 SEM of three experiments
given as percentages. (B) COS-1 cells were transfected by electropo-
ration with pSG5-rAR with or without pSG5-CBP. Control cells
received empty pSG5 DNA. After transfection, the cells were cultured
for 30 h in the presence or absence of 25 nM testosterone, after which
soluble cell extracts were prepared and subjected for immunoblotting
with ARp3 antibody (30).
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pARE4tk-LUC as the reporter (Fig. 3), as opposed to the
3.5-fold increase seen in the activity of wild-type rAR with the
same reporter (Fig. 1 A). CBP also stimulated rARD641–902-
dependent transcriptional activation when pARE2-E1b-CAT
was used as the reporter (31). Thus, the presence of LBD and
residues 38–296 of the N-terminal region are not critical for
AR–CBP interaction.

AR-Dependent Transactivation Is Inhibited by 12S E1A.
Adenoviral protein 12S E1A binds to and inactivates CBP (12,
13). Expression of exogenous 12S E1A should thus inhibit the
activity of androgen-regulated reporters, if CBP were neces-
sary for AR-dependent transactivation. To examine this, CV-1
cells were transfected with an AR expression vector, pARE2-
E1b-CAT reporter, and increasing amounts of 12S E1A ex-
pression plasmid (Fig. 4A). Exogenous 12S E1A inhibited
AR-dependent transactivation in a dose-dependent manner
(P , 0.001). The 12S E1A did not influence basal reporter
gene activity (Fig. 4B). The effect of 12S E1A on androgen-
mediated transactivation was the same when another reporter
(pARE4tk-LUC) was used (data not shown).

In addition to CBP and p300, 12S E1A associates with other
proteins (36). To determine whether the inhibitory effect of
12S E1A on pARE2-E1b-CAT expression was indeed due to
its interaction with CBP, CV-1 cells were transfected with an
amount of 12S E1A that reduced AR-dependent transactiva-

tion to 15% of maximal and with increasing amounts of
pSG5-CBP. Coexpression of CBP diminished the 12S E1A-
mediated inhibition of AR function in a dose-dependent
fashion, even though only a partial reversal was achieved with
the amounts of CBP expression vector used (Fig. 4B).

AR and AP-1 Compete for CBP in Cultured Cells. We have
shown (37) by using extensively purified proteins that AR
inhibits in vitro the binding of c-Jun to an AP-1 element
without interacting itself with this motif. Because c-Jun inter-
acts with CBP (14, 15) and competition for limiting amounts
of intracellular CBP seems to be responsible for the repression
of AP-1 activity by RAR and GR (24), it was of interest to
examine whether CBP overcomes AR-mediated down-
regulation of AP-1 activity. CV-1 cells were cotransfected with
AR and CBP expression vectors and p75–1050CAT reporter.
This reporter construct has in its vector backbone an AP-1 site
whose activity is down-regulated by AR (37). The activity of
p75–1050CAT was increased 1.5-fold by coexpression of CBP
(Fig. 5A). Liganded AR repressed the reporter gene activity to
one-half, and this repression was completely abrogated by a
concomitant CBP expression. Under identical conditions, the
AR mutant devoid of LBD (rARD641–902) down-regulated
p75–1050CAT activity to one-third, and this repression was
partially overcome by the presence of CBP (Fig. 5B). Thus,
competition for available intracellular CBP is one of the
mechanisms by which AR inhibits AP-1 function. Similar
experiments performed with GR revealed that CBP could not
rescue down-regulation of AP-1 activity by GR under the same
conditions (Fig. 6A). GR-dependent transcriptional activation
of a reporter gene (pARE4tk-LUC) was, however, stimulated
by CBP and inhibited by 12S E1A (Fig. 6B) in a fashion similar
to that determined for AR (compare Figs. 1 and 4A).

CBP Contributes to the Mutual Transcriptional Repression
Between AR and NF-kB (RelA). AR and RelA can inhibit each
other’s transcriptional activity, and the mutual inhibition is not
due to a strong physical interaction between the two proteins
or their altered binding to cognate DNA elements (30). The
mutual repression between AR and RelA could thus originate
from competition for coregulators, such as CBPyp300. To test
this possibility, CV-1 cells were cotransfected with AR, RelA,
CBP expression vectors, and the pARE4tk-LUC reporter.
Under these conditions, already low amounts of RelA inhib-
ited transactivation by AR to one-third. The repression was
abolished by cotransfected CBP (Fig. 7). The ability of CBP to
abrogate inhibition of RelA activity by AR was next investi-
gated. In CV-1 cells, expression of RelA elicited a 10-fold
increase in pkB6tk-LUC activity, and this was enhanced 2.5-
fold by coexpression of CBP (Fig. 8A). Liganded AR down-
regulated RelA-induced reporter gene activity by more than
50%, and CBP coexpression rescued this repression (P , 0.05).
CBP did not increase significantly basal reporter gene activity
(Fig. 8A).

Our previous study (30) indicated that transrepression be-
tween rAR and RelA does not involve LBD or most of the
N-terminal region of rAR but that the region between residue
297 and the DNA-binding domain of AR is mandatory (30). In
view of this, we also tested an rAR mutant devoid of LBD and
N-terminal residues 38–296 (rARD38–296yD641–902). The
mutant AR form repressed RelA-induced pkB6tk-LUC ex-
pression to an extent similar to that of wild-type AR; this
repression was relieved by coexpression of CBP (Fig. 8B).
Thus, CBP is involved in the mutual transcriptional repression
between AR and RelA. The results with rARD38–296yD641–
902 also provided additional evidence for the notion that LBD
of AR is not mandatory for the receptor’s interaction with
CBP.

DISCUSSION

To regulate transcription, steroid receptors have to convey
their activating or repressing signals to the basal transcription

FIG. 3. Regions of AR involved in the interaction with CBP. CV-1
cells were transfected with 5 mg of pARE4tk-LUC, 1 mg of pSG5-
rARD641–902 (A) or 1 mg of pSG5-rARD38–296yD641–902 (B), and
10 mg pSG5-CBP vectors as indicated. Reporter gene activities are
expressed relative to that achieved with pSG5-rAR mutant alone, and
data are the mean 6 SEM of three experiments given as percentages.

FIG. 2. AR interacts with CBP in transfected COS-1 cells. COS-1
cells were transfected by electroporation with pcDNA 3.1-FLAG-rAR
and pSG5-CBP as indicated. After a 30-h culture in the presence or
absence of 25 nM testosterone, whole cell extracts were prepared and
subjected to immunoprecipitation with mouse monoclonal anti-FLAG
antibody. Immunoprecipitated proteins were resolved by SDSyPAGE
and subjected to immunoblotting with rabbit anti-CBP antibody. A
portion of the cell extract (5%) was subjected to immunoblotting
without prior immunoprecipitation with anti-FLAG antibody (lane 4).
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machinery. In addition to interacting directly with components
of this apparatus, steroid receptors associate with various
coactivators or corepressors that, in turn, may function as
bridging factors to the basal transcription machinery. Several
coregulators that activate steroid receptor function have been
recently identified (38–41). With regard to negative transcrip-
tional regulation by steroid receptors, the presence of so-called
negative response elements has been postulated. However, it
is not entirely clear whether these DNA motifs are true
negative elements or just sequences overlapping with recog-
nition sites for other sequence-specific proteins (42–46). Dur-
ing recent years, increasing body of evidence has emerged to
indicate that steroid receptors can down-regulate expression of
certain genes by interfering with the function of other tran-
scription factors. Nuclear receptor interference with members
of the AP-1 and NF-kB transcription factor families is well
documented (47–49). This interference with heterologous
transcription factors occurs either by direct protein–protein
contacts or through competition for common coregulators.

In this study, we demonstrate that CBP is a coactivator for
AR. In transfected cells, CBP activated expression of AR-
dependent reporter genes without affecting basal promoter

activity. In concert with this, the adenoviral protein 12S E1A
that inactivates CBP function by preventing its association with
RNA polymerase II complex and PyCAF histone acetyltrans-
ferase (12, 13, 50) was able to inhibit androgen-dependent
transactivation. The fact that CBP and AR form a protein
complex in vivo was demonstrated by their coimmunoprecipi-
tation. Our results do not, however, distinguish whether AR–
CBP interaction is direct or mediated by another yet unknown
factor assembling a multiprotein complex with CBP and AR.

Previous studies have shown that CBP enhances transcrip-
tional activity of several members of the nuclear receptor
superfamily (24–28). In those experiments, CBP was found to
interact with LBD of the receptors. This work shows, however,
that CBP augments AR-mediated transactivation independent
of the presence of LBD (mutant rARD641–902) or LBD and
N-terminal residues 38–296 (mutant rARD38–296yD641–
902). The two AR mutants devoid of LBD have an intact DNA
binding domain and approximately one-half of the hinge

FIG. 4. AR-dependent transactivation is repressed by 12S E1A and the repression relieved by coexpressed CBP. (A) CV-1 cells (1.5 3 106 cells
per 10-cm dish) were transfected with pARE2-E1b-CAT (5 mg), AR expression vector (pSG5-rAR, 1 mg), and the indicated amounts of 12S E1A
expression vector. Eighteen hours after transfection, the cells received fresh medium containing 25 nM testosterone (T) and were harvested 30 h
later to assay CAT activity. Reporter gene activities are expressed relative to that of pSG5-rAR plus testosterone. Data are the mean 6 SEM of
two experiments. (B) CV-1 cells were transfected with 5 mg of pARE2-E1b-CAT, 1 mg of pSG5-rAR, 0.1 mg of pRSV-E1A 12S, and the indicated
amount of pSG5-CBP (in mg). For the relative CAT activity, the value from the pSG5-rAR plus testosterone result was set as 100. Data are the
mean 6 SEM of two experiments.

FIG. 5. Coexpression of CBP abrogates AR-mediated repression of
AP-1 activity. (A) CV-1 cells were transfected with 5 mg of p75–
1050CAT reporter, 1 mg of pSG5-rAR, and 10 mg of pSG5-CBP. Total
amount of DNA was kept constant by adding empty pSG5 DNA when
necessary. The cells were cultured in the presence of 25 nM testos-
terone (T) for 30 h. For the relative CAT activity, the value of
p75–1050CAT alone was set as 100. Data are the mean 6 SEM of four
experiments. (B) CV-1 cells were transfected with 1 mg of pSG5-
rARD641–902 instead of pSG5-rAR in experiments otherwise iden-
tical with those in A. Data are the mean 6 SEM for two experiments.

FIG. 6. Coexpression of CBP does not relieve AP-1 repression
brought about by GR but increases GR-mediated transcriptional
activation. (A) CV-1 cells were transfected with 5 mg of p75–1050CAT
reporter, 1 mg of pSG5-GR, and 10 mg of pSG5-CBP. The total amount
of DNA was kept constant by adding pSG5 DNA when appropriate.
The cells were cultured in the presence of 25 nM dexamethasone
(DEX) for 30 h. For the relative CAT activity, the value of p75–
1050CAT alone was set as 100. Data are the mean 6 SEM values of
three experiments. (B) CV-1 cells were transfected with 5 mg of
pARE4-tk-LUC, 1 mg of pSG5-GR, 10 mg of pSG5-CBP, and 0.5 mg
of pRSV-E1A 12S as indicated. The cells were treated and the reporter
gene activity determined. For the relative LUC value, results of the
pSG5-GR plus 25 nM dexamethasone experiment were set at 100.
Data are the mean 6 SEM of three experiments.
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region residues 607–659 (51). The LBD of AR was not
mandatory for the receptor’s ability to compete for available
intracellular CBP with members of the AP-1 and NF-kB
transcription factor families. Even though these results do not
necessarily rule out the possibility that LBD contacts CBP,
they demonstrate nevertheless that LBD is not the only region
of AR that interacts with CBP. Residues 38–296 that were also
dispensable for AR–CBP interaction contain the AF-1 region
of AR, which is mandatory for the transactivation ability of the
native receptor (29) and possibly interacts with the general
transcription factor TFIIF (7). We have previously shown that
CBP is capable of facilitating the interaction between N and C
termini of rAR (31), which may explain the result that CBP
activated wild-type AR twice as much as LBD-deficient AR
forms (compare Figs. 1 and 3). Thus, these findings indicate
that the AR–CBP interaction is a complex event that may
involve multiple interaction interfaces on both proteins.

Several nuclear receptors can repress the expression of
genes regulated by AP-1 without binding to DNA (see ref. 47).
For GR, RAR, and thyroid hormone receptor, the antagonism

between the receptors and AP-1 is mutual (47). The situation
with AR is less clear. With extensively purified proteins, we
have shown (37) that full-length AR and AR DNA binding
domain inhibit c-Jun–AP-1 element interaction under cell-free
conditions, but c-Jun does not influence AR–ARE interaction
(37). Although confirming our findings on the inhibition of
c-Jun–AP-1 interaction by AR, Sato et al. (52) reported
recently by using glutathione S-transferase fusion proteins that
a large excess of c-Jun may also inhibit AR–ARE interaction
in vitro. There seems to be an agreement that AP-1-dependent
transactivation is down-regulated by hormone-occupied AR
(37, 53); however, both potentiation and inhibition of AR-
dependent transactivation by AP-1 family members have been
reported (37, 52–54).

Coexpressed CBP was capable of rescuing down-regulation
of p75–1050CAT activity brought about by ligand-occupied
AR. Conversely, basal p75–1050CAT expression that is de-
pendent on endogenous AP-1 activity was augmented by
coexpressed CBP. Thus, in addition to inhibition of c-Jun–
AP-1 element interaction (37), repression of AP-1 activity by
AR involves competition for intracellular CBP. The two
mechanisms need not to be mutually exclusive. Kamei et al.
(24) have reported that the inhibitory action of both RAR and
GR on AP-1 function could be abrogated by CBP. However,
coexpression of CBP did not rescue AP-1 activity that was
down-regulated by GR in our experiments, even though GR-
mediated transactivation was stimulated by CBP. The reason
for this discrepancy between our results and those of Kamei et
al. (24) is not clear, but it may be related to the reporter
constructs used and the distance of the AP-1 site from the
proximal promoter elements which, for p75–1050CAT, is more
than 1,000 nucleotides. Nevertheless, the molecular mecha-
nisms governing the cross-talk of AR and GR with AP-1 were
not identical under the experimental conditions used in this
work.

We have demonstrated previously that AR and the RelA
subunit of NF-kB can interfere with each other’s transcrip-
tional activity (30). Similar observations have been reported
for GR and estrogen receptor (55, 56). Already very low
amounts of RelA inhibited AR-mediated transactivation and
excess RelA was capable of rescuing the repression elicited by
AR, whereas excess AR could not relieve the repression
brought about by RelA (30). These results suggested that AR
and RelA use a common coregulator, the affinity of which for
RelA exceeds that for AR, and competition for this coregu-
lator results in the mutual transcriptional repression. We show
herein that CBP stimulates transcriptional activity of both AR

FIG. 7. CBP rescues RelA-mediated repression of AR function.
CV-1 cells were transfected with pARE4tk-LUC reporter (5 mg) and
indicated amounts (in mg) of pCMV-hAR, pCMV-RelA, and pSG5-
CBP vectors in the absence or presence of 25 nM testosterone (T) as
indicated. The cells were treated and harvested as described in Fig. 1.
LUC activities are expressed relative to that of human AR plus
testosterone, and data are the mean 6 SEM of two experiments.

FIG. 8. CBP stimulates RelA-dependent transactivation and counteracts AR-mediated repression of RelA function. (A) CV-1 cells were
transfected with pkB6tk-LUC reporter (5 mg), pCMV-hAR (1 mg), pCMV-RelA (1 mg), and pSG5-CBP (10 mg) expression vectors. For the relative
LUC activity, RelA alone was set at 100. Testosterone (25 nM) was present in all cultures. Data are the mean 6 SEM of four experiments are
shown. (B) CV-1 cells were transfected with expression vectors for pCMV-RelA (1 mg), pSG5-rARD38–296yD641–902 (1 mg), and pSG5-CBP (10
mg) and with pkB6tk-LUC reporter. Data are the mean 6 SEM of two experiments.
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and RelA and that CBP rescues the mutual transrepression.
This implies that CBP is a coactivator present in limiting
amounts in cells and subject to competition by AR and RelA.
Indeed, while this work was in progress, it was reported that the
transcriptional activation domain of RelA interacts with CBPy
p300 (22, 23). In summary, CBP acts as an integrator between
androgen-dependent and other nuclear signaling pathways
and, therefore, regulation of CBP expression should be of
great importance in determining transcriptional responses to
androgens and other regulators of nuclear signaling.
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