
Down-regulation of AP1 activities after polarization of vas
deferens epithelial cells correlates with androgen-induced gene

expression

C. Darnea, A. Martineza, D. Lallemandb, L. Morela, Ch. Jeana, J.P. Sarua,
H.P. Schmidc, M. Manina,*

aUMR CNRS 6547, UniversiteÂ Blaise Pascal, 24 Avenue des Landais, 63177 AubieÁre Cedex, France
bInstitut Pasteur, UA 1644 CNRS, DeÂpartement des Biotechnologies, 25 Rue du Dr Roux, 75724 Paris Cedex 15, France

cEquipe ProteÂasome et autosurveillance cellulaire, UA INRA 987, OVGV UniversiteÂ Blaise Pascal, 24 Avenue des Landais, 63177 AubieÁre Cedex,

France

Received 17 May 1999; accepted 28 September 1999

Abstract

Vas deferens epithelial cell subcultures were used to study the sequential regulation of jun/fos proto-oncogene expression and

AP1 activities during cell proliferation, polarization and androgen-induced expression of a terminal di�erentiation marker, i.e.
the mvdp gene. Proliferation of epithelial cells is associated with a high expression in the nucleus of most Jun and Fos
oncoproteins. After cell seeding on an extracellular matrix which allows polarization and expression of the mvdp gene in

response to androgens, AP1 protein accumulation is greatly altered and consists in a loss of JunB, Fra1, FosB and a decrease in
c-Fos, c-Jun and Fra2, while JunD remained at the same level. This was correlated with a drop in AP1 binding activity as
evaluated by gel shift assay using either AP1 consensus sequence or AP1 binding sites of the mvdp gene promoter region, and in

AP1 transactivating activity, as estimated by stable transfection experiments using an AP1 responsive promoter (TRE-TK-luc).
Androgens did not signi®cantly in¯uence AP1 activities. On the contrary, stimulation of AP1 proteins by the tumor-promoting
phorbol ester caused a decrease in androgen-induced mvdp mRNA accumulation, and this e�ect was reversed by staurosporine,
a potent inhibitor of PKC. Our data suggest that a down-regulation of AP1 activities induced by epithelial cell di�erentiation is

a prerequisite to androgen-induced mvdp gene expression. The high AP1 activities observed during proliferative state or induced
in TPA-treated polarized cells, exert a repressive e�ect on androgen action. 7 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The development and maintenance of di�erentiated
functions of the male genital tract are highly depen-
dent on androgens. They act via a speci®c receptor of
the superfamily of ligand-dependent transcription fac-
tors, the androgen receptor. When complexed to its

hormone, the receptor is able to bind to speci®c DNA

sequences and interact with di�erent transcription fac-

tors, thus enhancing gene expression (see reviews [1,2]).

Cell proliferation and di�erentiation are complex pro-

cesses requiring the coordinate participation of mul-

tiple gene products that can also modulate androgen

action. Proteins of the jun and fos families which are

components of the AP1 complex play an important

role in the control of the balance between prolifer-

ation, di�erentiation and apoptosis (see reviews [3,4]),

and there is increasing evidence that these proto-onco-

gene products and steroid hormone receptors can in¯u-
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ence their mutual expression and function [5±7].
Although there are less evidence for the androgen
receptor, its interaction with AP1 complex can lead to
activation or inhibition of their transacting activity
depending on the promoter and the cell line [1,8±11].
Mouse vas deferens protein (MVDP) is an androgen-
regulated marker of epithelial cell di�erentiation.
MVDP is mainly expressed in the vas deferens epi-
thelium [12] and to a lesser extent in the adrenal gland
[13,14]. It belongs to the superfamily of aldose re-
ductases [15]. In vivo studies have demonstrated that
androgens are the major regulator of mvdp gene ex-
pression in the vas deferens at puberty; however until
10 days after birth, MVDP basal expression is not
in¯uenced by androgen status suggesting that other
factors are also of critical importance in the program-
ming of MVDP expression during postnatal develop-
ment [16,17]. Moreover, in subculture, the expression
of MVDP in response to androgens only occurs when
cells are polarized on an extracellular matrix [18] and
depends on a continuous protein synthesis [19]. Thus,
other factors associated with cell polarization probably
contribute to mvdp gene activation. Our cell culture
system which allows to monitor the proliferation and
cell polarization independently of androgen action,
provides a good tool to study the mechanism by which
some genes are selectively and sequentially activated at
speci®c stages during cell di�erentiation. Our work
aims to explore the in¯uence of AP1 protein content
on the hormonal sensitivity of the androgen-regulated
mvdp gene.

The present work shows that Jun/Fos proteins are
down-regulated following cell polarization and that the
androgenic induction of mvdp gene transcription
occurs when the expression of jun and fos proteins
and AP1 binding and transacting activities are very
low. The changes in AP1 activities are independent of
androgens. Together with the fact that tumor-promot-
ing phorbol ester partly inhibits the androgen-induced
mvdp gene, these data suggest that AP1 proteins would
not participate in androgen-induced gene transcription
in di�erentiated cells but could rather repress mvdp
gene expression during cell proliferation. Possible in-
teractions in the signaling pathways of androgen recep-
tors and AP1 complexes in the expression of a
di�erentiation marker are discussed.

2. Materials and methods

BioWhitakker (Fontenay sous bois) supplied the
Dulbeccos modi®ed Eagles (DMEM) and Ham F12
medium, glutamine, HEPES, transferrin, PBS 10X.
Penicillin, streptomycin, bovine insulin, collagen S, epi-
dermal growth factor were from Boehringer, Man-
nheim (Meylan, France). Cholera toxin, mitomycin C,

dibutyril cAMP, selenium, hydrocortisone, phorbol 12-
myristate 13-acetate (TPA), dihydrotestosterone were
from Sigma (St. Louis, MO). Costar transwell-Coll
culture chambers, precoated with collagen type I and
III were from Corning Costar Corporation (Cam-
bridge) and non-coated membranes were from Falcon
(Becton Dickinson Labware, USA). Matrigel was pro-
vided by Collaborative Biomedical Products (Becton
Dickinson, USA). RNAzol was from Bioprobe. Anti-
bodies, c-Jun (sc45 and KM-1 sc 822X) and c-Fos (sc-
52X) were from Santa Cruz Biotechnology (Santa
Cruz, CA). The other antibodies against Jun and Fos
proteins were prepared using recombinant fusion pro-
teins [20]. All other chemicals were of reagent grade.

2.1. Culture conditions

Epithelial cell cultures, derived from primary cul-
tures of vas deferens explants were propagated on a
NIH 3T3 feader layer as previously described [18].
Cells used were between 20 and 25 passages. They
were cultured in a basal mixture of DMEM/Ham F12
(1/1 vol/vol) containing transferrin (10 mg/ml), EGF
(10 ng/ml), cholera toxin (10 ng/ml), selenium (17.3
ng/ml), cAMP (1.5 mg/ml), glutamine (2 mM), etha-
nolamine (0.6 mg/ml), insulin (10 mg/ml), penicillin (100
U/ml), streptomycine (100 mg/ml), Hepes (4.76 mg/ml).
For proliferation, hydrocortisone 10ÿ6 M was added
in the medium. When proliferating epithelial cells
reached con¯uency, the cultures were devoid of 3T3
®broblast feeder layer which had been pushed away by
growing epithelial cells. After trypsinization, epithelial
cells were seeded at con¯uency (1.5 � 106 cells/well)
onto collagen-coated microporous membranes, which
allow cell polarization and expression of mvdp gene.
They were cultured in the same medium; the next day,
the medium was replaced by the basal medium con-
taining only hydrocortisone at 10ÿ8 M to prevent the
cells to go on proliferating. After three days, when the
whole cell population was homogeneously polarized
(observable under microscope), MVDP expression was
induced by adding dihydrotestosterone (DHT: 10ÿ6

M) in the medium. The medium was changed every
two days and the day before trypsinization for analy-
sis. NIH 3T3 ®broblastic cells used as control were cul-
tured in DMEM medium containing 10% fetal calf
serum.

2.2. RNA extraction and Northern blot analysis

Before trypsinization, cells cultured with or without
DHT (10ÿ6 M) were treated with cycloheximide (a
translation inhibitor) in the absence or in the presence
of TPA (100 ng/ml) for 30 min. Total RNAs were
extracted with RNAzol solution, according to the pro-
tocol of the manufacturer. After RNA precipitation
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with isopropanol, RNA pellets were washed in 75%
ethanol and dissolved in EDTA (1 mM). Total RNAs
of each sample (30 mg/lane) were subjected to electro-
phoresis in 1% denaturing formaldehyde±formamide
agarose gels and transferred to a Hybond N ®lter
(Amersham, France). The Northern blots were prehy-
bridized overnight at 428C in a solution containing
50% formamide, 5� SSC, 5� Denhart's solution,
0.5% SDS and 200 mg/ml salmon sperm DNA carrier.
Hybridization was performed for 24 h at 428C in an
identical solution containing 106 cpm/ml of di�erent
cDNA probes. Murine c-fos, c-jun, mvdp and 18S
cDNA probes were labelled with a32P dCTP (3000 Ci/
mmol) using the Megaprime labelling system (Amer-
sham), according to the recommendations of the man-
ufacturer. Membranes were washed twice in 1� SSC,
then in 1� SSC, 0.1% SDS and ®nally in 0.1� SSC,
0.1% SDS for 10 min at 658C. Northern blots were
subjected to autoradiography for 1±3 days to have var-
ious signal intensities allowing the best quantitation.
Each signal was measured by densitometric analysis
using a speci®cally developed software (Grafteck, Aix
en Provence, France). Each mRNA signal intensity for
mvdp, c-jun and c-fos was reported to the correspond-
ing value measured for 18S mRNA signal, which
serves as control for loading. mRNA accumulation
from the various conditions was calculated in compari-
son with the condition giving the highest value
(100%).

2.3. Immunocytochemistry

Vas deferens epithelial cells, in proliferation on plas-
tic or di�erentiated on matrigel-coated Falcon mem-
brane, were ®xed for 5 min with methanol containing
5% acetic acid; then, they were permeabilized with
0.2% triton for 4 min. After washing with phosphate
bu�er (PBS), cells were incubated overnight with the
various immune sera against Fra1 (1/400), Fra2 (1/
400), FosB (1/100), JunD (1/400), JunB (1/100) or with
c-Jun (sc45 or sc822 � , 1/100) or c-Fos (sc52, 1/100).
On some samples, double staining was performed with
antibodies against proteins and the monoclonal anti-
body against MVDP (B263, 1/100; [21]). The detec-
tions were made using the anti-rabbit IgG TRITC
conjugate (1/400) or the biotin conjugated anti mouse
or anti-rabbit IgGs (1/200) followed by strepavidin±
¯uorescein (1/200) system (Amersham, France) as sec-
ond antibodies. The double staining was examined
under a ¯uorescence microscope with the appropriate
®lters.

2.4. Protein analysis

The same protein extracts were used for western
blot analysis and gel shift assay. Attached cells were

rinsed once with PBS and then scraped in 0.7 ml PBS
containing 3.5 mM beta-mercaptoethanol. After cen-
trifugation at 1500 rpm, the pellets were resuspended
in one volume of bu�er C (20 mM Hepes, pH 7.6,
0.42 M NaCl, 1.2 mM MgCl2, 0.2 M EDTA, 25% gly-
cerol plus 1 mM PMSF, aprotinin 2.5 mg/ml, leupeptin
2.5 mg/ml and 2 mM beta-mercaptoethanol). After
mixing the suspension, NaCl concentration was
adjusted to 0.42 M with a 5 M NaCl solution. The
suspension was quickly frozen in liquid nitrogen and
stocked at ÿ808C until analysis. Protein extracts were
prepared just before analysis to avoid protein degra-
dation; cell lysis was achieved by thawing on ice; then
the extracts were centrifuged at 20,000 g for 20 min at
48C; the supernatants were saved and after estimation
of protein concentration (Bio-Rad protein assay kit),
the samples were prepared on one-dimensional electro-
phoresis and transferred to nitrocellulose. MVDP was
detected either using the monoclonal antibody B263
(1/700) or the polyclonal immune serum (1/5000);
proto-oncogene products were detected using rabbit
polyclonal antibodies against c-Fos (sc52, 1/1000) c-
Jun (sc45, 1/500) or rabbit polyclonal antibodies
against Fra1 (1/1000), Fra2 (1/1000), FosB (1/500),
JunB (1/500), JunD (1/1000). Speci®c complexes were
detected using the Amersham ECL detection system.

2.5. Electrophoretic mobility shift assay

Nuclear extract preparation was performed as fol-
lows: cell pellets were resuspended in bu�er A contain-
ing 20 mM hepes, 0.5 M EDTA, 230 mM EGTA, 0.15
mM spermine, 0.5 mM spermidine, 0.5 M sucrose, 1
mM PMSF, 1% aprotinin and 1 mM DTT. After cen-
trifugation at 2500 rpm for 5 min, the pellet was resus-
pended in the same bu�er with 0.5% NP40 for 10 min
on ice. Nuclei were isolated by centrifugation at 5000
rpm for 10 min and then washed in the same bu�fer
A, without NP40. Nuclei were lysed in 25±50 ml of the
bu�er A containing 0.45 M NaCl. The supernatant
was collected after centrifugation at 12,000 rpm for 20
min.

The AP1 double-stranded oligonucleotide (Hotfoot
TM footprinting Kit, Stratagene, Cambridge) or oligo-
nucleotide sequences from mvdp promoter synthesized
by MWG Biotech (Les Ulis, France) were labelled
with T4 polynucleotide kinase and g32P dATP (110
TBq nmol, Amersham, France). 6±12 mg whole protein
extracts or 8 mg of nuclear protein extracts were incu-
bated 1 h on ice, in gel shift bu�er (10 mM HEPES,
pH 8, 0.1 mM EDTA, 50 mM NaCl, 50 mM KCl, 5
mM MgCl2, 2 mM DTT, 17% glycerol) with 2 mg
poly (dI-dC) and 30,000 cpm of probe. Unlabelled
AP1 or AP3 oligonucleotides were used at 100±200
fold molar excess. For supershift analysis, speci®c anti-
bodies were added to the samples before addition of
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the probe. Complexes were resolved by electrophoresis
through 5±7% polyacrylamide gels (acryl/bisacryl: 29/
1) in 0.5� TBE. Oligonucleotides corresponding to
consensus AP1 sequence and AP1 sites within the
mvdp gene promoter are indicated in Fig. 5. The unre-
lated oligonucleotide was AP3 consensus sequence:
5 'CTAGTGGGACTTTCCACAGATC-3 '.

2.6. Stable transfection

Vas deferens epithelial cells were stably transfected
at the proliferative state with the plasmid carrying the
reporter gene encoding the protein luciferase under the
control of the thymidine kinase promoter regulated by
three repeated AP1 binding consensus sequences (plas-
mid TRE3-TK-luc). This vector has been demon-
strated to be sensitive to activators or repressors of the
PKC activity [22]; lipofection was performed with
DOTAP (Boehringer, Mannheim). The clone selection
was allowed by the cotransfection of plasmid, which
confer the resistance to the drug neomycin (G418).
Among the TRE3-TK-luc clones, two of those show-
ing di�erent activities were chosen for AP1 activity
measurements: clone 12 (AP1 activity = 60,600 units
light intensity/mg protein) and clone 98 �AP1 activity �

1,325,000 units light intensity=mg protein�: Luciferase ac-
tivities were evaluated using the luciferase assay system
from Promega (Madison, USA), according to the pro-
tocol of the manufacturer.

Statistical analyses were made using the test of
Mann and Whitney.

3. Results

3.1. Changes in the Jun and Fos protein expression
during di�erentiation and androgenic stimulation of vas
deferens epithelial cells

Subcultures of vas deferens epithelial cells provide a
useful model to study changes in gene expression
during cell di�erentiation because cell proliferation
and polarization occur independent of androgenic
stimulation, and once polarized, cells are able to
express speci®c genes in response to an androgenic
stimulation. After proliferation, cells seeded at con-
¯uency onto collagen-coated membranes stop to divide
and establish cell±cell contacts. Polarization of the
whole cell population is reached within three days
(observable under inverse microscope). From that

Fig. 1. Down-regulation of Jun and Fos proteins expression during cell di�erentiation. 30 mg whole cell extracts from epithelial cells at di�erent

states of the culture were submitted to SDS page electrophoresis and transferred onto nitrocellulose. Proteins were immunodetected using mono-

clonal antibody B263 against MVDP (1/700), rabbit polyclonal antibodies against Fra1 (1/1000), Fra2 (1/1000), FosB (1/500), JunB (1/500) and

JunD (1/1000) and rabbit antibodies against c-Fos (SC 52 1/1000) or c-Jun (SC 45, 1/1000). The speci®c complexes were detected using ECL sys-

tem as described in Section 2. Extracts from NIH 3T3 cells served as positive controls (not shown). Western blots are representative of ®ve inde-

pendent experiments using either normal vas deferens epithelial cells or stably transfected epithelial cells (clones 12 and 98) used to estimate the

AP1 activity. Arrows indicate the position of the speci®c bands detected by the antibodies.

C. Darne et al. / Journal of Steroid Biochemistry & Molecular Biology 72 (2000) 103±113106



time, cells are able to respond to androgen stimulation
for expressing the mvdp gene [18].

AP1 proteins detected by western-blotting were dif-
ferentially expressed in function of the culture state
(Fig. 1). In proliferative cells, c-Fos, FosB, Fra1 and
Fra2 were coexpressed with Jun proteins, JunD, c-Jun
and JunB. After cell polarization, only JunD was
easily detectable. The others were greatly reduced or

lost. The c-Jun and c-Fos proteins were still detectable
in polarized cells. Androgen status had no in¯uence on
the Jun and Fos protein expression, neither during cell
proliferation nor during di�erentiation. The results
from ®ve independent experiments were highly repro-
ducible.

Since the transcriptional activity of Jun and Fos
proteins is partly controlled by their nuclear transloca-

Fig. 2. Immunocytochemical detection of Jun and Fos protein expression in vas deferens epithelial cells at (A) proliferative or (B) di�erentiated

states. Proliferative cells cultured on glass or cells polarized on matrigel-coated Falcon membranes and cultured in the absence (upper part) or in

the presence of dihydrotestosterone (DHT, lower part) were ®xed and then permeabilized, as described in Section 2. The antibodies used were:

B263 monoclonal antibody against MVDP (1/200); rabbit antibodies against Fra1 (1/400), Fra2 (1/400), FosB (1/100), Jun D (1/400), JunB (1/

400) or mouse monoclonal anti c-Jun (KM-1: Sc 822 � 1/100) and rabbit polyclonal anti c-Fos (Sc 52 1/100). Detection was made using either

¯uorescein or TRITC conjugates as described in Section 2 (magnitude: 340).
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tion and that it can be modulated by cytosolic inhibi-
tors [23,24], immunocytochemistry was used to deter-
mine their precise intracellular localization (Fig. 2).
Fra1, Fra2, c-Jun and JunD were clearly expressed in
the nucleus during proliferation. JunB and FosB stain-
ing was low and di�used in the nucleus and cytoplasm.
No staining was obtained for c-Fos probably because
the antibody is ine�cient in immunochemistry con-
ditions while it works well in Western-blot (Fig. 1).
After cell polarization, a nuclear staining was observed
speci®cally with antibodies against c-Jun, JunD and
Fra2. After androgenic stimulation for three days,
only JunD and c-Jun were clearly detected in the
nucleus of every cell (Fig. 2); JunB, FosB, Fra1 and
Fra2 were not detected any more (not shown).

3.2. Changes in c-jun and c-fos mRNA accumulation
during cell di�erentiation and androgenic stimulation

Thereafter, northern-blot analysis was done to test
whether the decrease in c-Jun and c-Fos protein levels
after cell polarization was due to a transcriptional
event.

Proliferative cells and cells polarized for three days
were cultured with or without DHT (1 mM) for three
additional days and then treated in presence or
absence of TPA (100 ng/ml) for 30 min with cyclohexi-
mide. Cycloheximide is known to induce an accumu-
lation of c-jun and c-fos mRNAs due to inhibition of
both mRNA degradation and translation [3]. As
shown in Fig. 3, c-jun mRNA (3.4 and 2.6 kb) and c-
fos mRNA (2.2 kb) accumulation were increased four
fold ( p < 0.05) and eight fold ( p < 0.005), respect-
ively, after cell polarization. In polarized cells, addition
of DHT in the medium induced a two-fold increase
� p < 0:05� in c-jun mRNA levels and did not change
c-fos mRNA levels. TPA induced a similar increase
� p < 0:05� in c-jun mRNA accumulation as did
DHT. In the presence of DHT, the values obtained in
response to TPA were the highest but not signi®cantly
di�erent from that with DHT alone. Thus, the
decrease in c-Jun and c-Fos protein expression was not
due to a decrease in gene transcription.

3.3. Change in AP1 binding activity during cell
di�erentiation and androgenic stimulation on the mvdp
promoter

The mvdp promoter contains several putative sites
for AP1 complexes. We scanned the 1.8 kb 5 '-¯anking
region of the mvdp gene to localize AP1 binding
sequences using the TESS-String-based Search (Trans-
fac v3.2). Three of them located at positions
-1791/-1767 (AP1a), -1459/-1435 (AP1b), -378/-356

Fig. 3. Transcriptional activity of c-fos and c-jun genes during epi-

thelial cells polarization: modulation by androgens and TPA. Prolif-

erative or polarized cells were cultured without or with DHT (1 mM)

for three days; then they were incubated for 30 min with cyclohexi-

mide in presence or absence of TPA (100 ng/ml). 30 mg of total

RNA were separated on agarose gel and then transferred onto

hybond N membrane. Northern blots were hybridized with the mur-

ine c-fos, c-jun, mvdp and 18S cDNA probes as described in Section

2. Upper part: representative northern blot autoradiography; lower

part: cumulative data shown as the mean SE of at least three individ-

ual experiments.
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(AP1c) as indicated in Fig. 4(a) were tested for their
ability to bind AP1 complexes from proliferative
epithelial cell extracts. Only sequences AP1b (Fig. 4b)
and to a lower extent AP1c (not shown) were able to
speci®cally retain AP1 complexes. Intensities of
retarded complexes with the AP1b oligonucleotide
were much higher in proliferation than after cell polar-
ization (Fig. 4b). To test the relative a�nity of each
binding site, the corresponding oligonucleotides (in
100±200 molar excess) were tested for competition
with the AP1 consensus sequence (AP1cs). Fig. 4(c)
shows that the AP1a oligonucleotide was unable to
compete with AP1 consensus oligonucleotide while
there was a strong and low competition with the AP1b
and AP1c oligonucleotides, respectively.

3.4. Change in AP1 transactivating activity during cell
di�erentiation and androgenic stimulation

AP1 activity was estimated from stably transfected
cells with an expression vector carrying the luciferase
coding region under the control of the herpes simplex
virus thymidine kinase promoter associated with three
TPA-responsive elements able to bind the AP1 com-
plexes (vector TRE3-TK-luc). This promoter construct
was previously shown to be inducible by TPA [22]. As
observed in Fig. 5, TRE3-TK-luc activity from two
independent cell clones was dramatically decreased
after cell polarization (85±95%, p< 0.05). Addition of
DHT (1 mM) in the culture medium did not change
luciferase activity.

Fig. 4. Speci®c AP1 binding activity of AP1 sequences within the mvdp gene promoter in proliferative epithelial cells. (a) Sequences and localiz-

ation of three potential AP1 binding sequences in the mvdp promoter. (b) Speci®c binding capacity of the AP1b sequence: 8 mg of nuclear

extracts from proliferative cells (lanes 2±5) or polarized cells cultured without DHT (lane 6) or with 1 mM DHT (lane 7) were incubated with

labelled double-stranded AP1b and competed with a 100-fold molar excess of double-stranded unlabelled AP1b (lane 3) or 100-fold molar excess

of either consensus AP1 oligonucleotide (lane 4) or unrelated AP3 oligonucleotide (lane 2). (c) Relative a�nity of mvdp gene AP1 binding sites:

10 mg whole cell extracts from proliferative epithelial cells were incubated with labelled AP1 consensus oligonucleotide and competed with a 100-

fold molar excess of unlabelled AP1 consensus oligonucleotide (lane 3), with a 100- and 200-fold molar excess of unlabelled AP1a (lane 4±5),

AP1b (lane 6±7), AP1c (lane 8±9) oligonucleotides and with a 100-fold excess of AP3 unrelated oligonucleotide (lane 10). The autoradiograms

are representative of two series of experiments. Speci®c and non speci®c complexes are indicated by arrows and asterics, respectively.
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3.5. E�ect of the tumor-promoting phorbol ester (TPA)
on the androgenic induction of mvdp mRNA
accumulation

The Jun and Fos proteins are components of the
PKC pathway which enhances Jun and Fos proteins at
the post-translational level by modi®cation of their
phosphorylation status as well as their synthesis. To
test whether Jun and Fos proteins are involved in
androgen-induced mvdp mRNA accumulation, polar-
ized cells were incubated for 12 h with 1 mM DHT in
the presence or absence of TPA (100 ng/ml). The
results show that activation of expression and tran-
scriptional activity of AP1 proteins by phorbol ester
strongly inhibits androgen-induced transcription of the
mvdp gene (Fig. 6). Addition of DHT in the medium
caused a 150% increase in mvdp mRNA accumulation.
Simultaneous treatment with TPA signi®cantly � p <
0:05� reduced by 46% the DHT-induced mRNA levels.
This e�ect was reversed when an inhibitor of PKC,
staurosporine at 40 nM, was added with TPA. In the
absence of DHT, the incubation of cells with DMSO
(the vehicle) or TPA or TPA plus Staurosporine did
not signi®cantly change the basal levels of mvdp
mRNA. Note that a treatment for 30 min with TPA at
the end of DHT incubation period, as described pre-
viously to study proto-oncogene transcription stimu-
lation (Fig. 3), is too short to in¯uence the levels of
mvdp mRNA, already accumulated for 72 h after
DHT induction.

At the protein level, the inhibitory in¯uence of TPA
was of the same order of magnitude; addition of TPA
with DHT for 24 h lowered by 36% the MVDP levels
(results not shown).

4. Discussion

Using an appropriate cell culture system, in which
cell proliferation and polarization can be monitored
easily and independently of androgen action, we have
shown that cell di�erentiation and polarization are
marked by a dramatic decrease in the accumulation of
most AP1 proteins (excepted a constitutive expression
of JunD). This drop of Jun and Fos protein concen-
trations is associated both to a decrease in AP1 bind-
ing activity, evaluated by EMSA, and to a decrease in
AP1 transacting activity, evaluated by stable transfec-
tion of AP1 responsive promoter construct. Exper-
iments using cycloheximide and TPA have

Fig. 6. E�ect of TPA and staurosporine on DHT-induced mvdp

mRNA accumulation in polarized epithelial cells. Cells were incu-

bated for 12 h with 1 mM DHT in the presence or absence of TPA

(100 ng/ml) or TPA plus staurosporine (40 nM). The northern blots

were hybridized with mvdp and 18S cDNA probes. (a) Representa-

tive northern blot autoradiograms. Cells cultured without DHT (lane

1) or with DHT (lanes 2±4). They were also treated with the DMSO

(as vehicle, lanes 1 and 2) or with TPA (lane 3) or with TPA plus

staurosporine (lane 4). (b) Histograms showing cumulative data as

the mean (2SE) from three individual experiments. Cells cultured

without DHT (white colums) or with DHT (black colums) were trea-

ted with DMSO or with TPA or with TPA plus staurosporine.

Fig. 5. Changes in AP1 transactivating activity during epithelial cell

di�erentiation. Increasing concentrations of protein extracts

�1±10mg� from stably transfected epithelial cell clones (clones 12 and

98), expressing the TRE-TK-luc construct, were analyzed for change

in luciferase activity at di�erent culture states (in proliferation or

after di�erentiation on microporous membranes, with or without

DHT). For comparison, the histogram represents mean values (stan-

dard deviation) expressed as percentage of the luciferase activity in

proliferative cells.
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demonstrated that the di�erentiation-induced
decreased expression of c-Jun and c-Fos proteins was
not due to alteration in gene transcription but rather
to post-transcriptional modi®cations leading to a
greater instability of mRNA and/or proteins.

As there was no change in the medium composition,
the low AP1 activity in di�erentiated cells is the direct
result of cell growth arrest, which is induced by seed-
ing cells at con¯uency on an extracellular matrix, and
this event is independent of androgen action. As in
our cell culture system, the down-regulation of AP1
protein levels (especially c-Jun and c-Fos) and the
decrease in AP1 DNA binding activity observed in
hepatocytes cultured on laminin rich matrix was due
to growth inhibition [25]. Cell density, which promote
E cadherin cell±cell adhesion, is known to induce in
various cell line changes in the binding capacity of var-
ious growth factor receptors such as those of FGF,
PDGF [26] or cytokine receptors [27]. This can result
in prevention of receptor activation (i.e. EGFR, [28])
and modi®cation of phosphorylation status of nuclear
factors able to activate Jun and Fos expression and
AP1 transacting activities. More generally, growth
arrest associated down-regulation of AP1 transcription
factors is a prerequisite to cell di�erentiation of adipo-
cytes [29], myocytes [30], osteoblastes [31], and kerati-
nocytes [32,33]. Conversely, long term overexpression
of oncoproteins such as c-FOS induces cell depolariz-
ation and epithelial-®broblastoid cell conversion [34].

There are at least two speci®c AP1 binding sites
within the 5 '-¯anking region of the mvdp gene
(AP1b,c) which bind Jun/Fos complexes mainly at the
proliferative state as observed in EMSA. The core
sequence is similar to those of some AP1 binding sites
(TGTGTCA and TTACTCA) which have been shown
to regulate the E6/E7 oncogenes of the human papillo-
mavirus. This study also showed a down-regulation of
E6/E7 oncoprotein expression after epithelial cell
di�erentiation [33]. The presence of these sequences
has raised the question whether AP1 complexes could
interfere with androgen receptor signaling pathway in
mvdp gene transactivation. Our data provide evidence
that AP1 activity is inversely correlated to MVDP ex-
pression. Moreover, the tumor-promoting phorbol
ester (TPA) is able to decrease MVDP expression in
response to DHT. This e�ect is fully reversed by staur-
osporine (a potent PKC inhibitor) which in addition
seems to potentiate DHT action. Thus, AP1 proteins
could have a repressive e�ect on mvdp gene transacti-
vation. They could either repress through AP1 binding
sites or indirectly through interactions with the andro-
gen receptor. The last hypothesis seems more likely
since AP1 protein interactions with androgen receptors
have been recently reported [9,11,35] and thus could
explain the repressive e�ect of TPA observed on di�er-
ent promoters: (i) the 0.5 kb ¯anking region of the

mvdp gene promoter (which does not contain AP1
binding sequence) in heterologous CV1 cells [35], (ii)
the PSA promoter in LNCap cells [11,36]. DNA bind-
ing independent-action of AP1 proteins is conforted by
the fact that opposite e�ects of TPA on the mvdp pro-
moter have been previously observed using transfec-
tion experiment in the heterologous T47D cell line:
TPA enhanced the androgen-induced activation of
mvdp promoter constructs containing either the 1.8 kb
5 ' ¯anking region (containing AP1 binding sites) or
the 0.16 kb 5 ' ¯anking region devoid of AP1 binding
site [37,38]. All these data suggest that AP1 binding
sites within the mvdp gene promoter are poorly active
and that AP1 repressive activity is likely mediated by
protein±protein interactions. This could result from
direct binding to the androgen receptor but one cannot
exclude that AP1 complex and the androgen receptor
could compete for common coactivators such as CBP
or F-SRC-1, thus inducing a decrease in mvdp gene
transcription [39±41]. Furthermore, combinatory pro-
tein interactions with the transcription machinery
would also explain cell-speci®c modulations of the
androgen receptor activity even in the absence of the
ligand [42,43,44].

In vas deferens epithelial cells, androgen-induced
mvdp gene transcription is dependent on cell polariz-
ation and this expression is inversely correlated with
AP1 protein expression and transacting activity. Con-
trary to previous experiments using heterologous
T47D tumoral cells [37,38], this study shows that, in
vas deferens epithelial cells ex vivo, the AP1 complex
does not participate to androgen-induced mvdp gene
transcription but that its down-regulation is a prere-
quisite to androgen action. Indeed during cell prolifer-
ation, high levels of AP1 would block androgen action
by interacting with the androgen receptor. Inversely
after cell polarization which is required for androgenic
stimulation of mvdp gene transcription, the AP1/
androgen receptor ratio is reversed: AP1 protein levels
become very low while androgen receptor levels are
upregulated by androgens [45]. To assess the role of
AP1 proteins in the repression of the mvdp promoter
during cell proliferation, further experiments in which
AP1 protein expression would be inhibited by stable
expression of antisens or negative dominant oncopro-
tein cDNAs would be necessary.
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