A,

ST

75 508

inserm-00611160, version 1 - 25 Jul 2011

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

Author manuscript, published in "Mol Endocrinol 2011;25(10):1710-24"
DOl : 10.1210/me.2011-1042

Stabilization of Progesterone Receptor A and B isoforms by antiprogestin RU486 Identifies p38 and

p42/44 MAPKS as Critical Regulators of PRA/PRB Ratio

Abbreviated Title: Distinct MAPKS regulate PRA and PRB stability

Precis: p38 and p42/44 MAPK stabilize PRA and PRB isoforms in a ligand sensitive manner

Authors: Junaid A. Khan*?, Larbi Amazit"?, Catherine Bellance!?, Anne Guiochon-Mantel*?3, Marc
Lombés™** and Hugues Loosfelt"*"

Affiliations:

'Inserm Unité 693, 63 rue Gabriel Péri, Le Kremlin-Bicétre, F-94276, France;

®Univ Paris-Sud, Faculté de Médecine Paris-Sud, UMR-S693, Le Kremlin-Bicétre, F-94276, France;
Assistance Publique-Hopitaux de Paris, Hopital Bicétre, Service de Génétique moléculaire,
Pharmacogénétique et Hormonologie, Le Kremlin-Bicétre, F-94275, France ;

“Assistance Publique-Hopitaux de Paris, Hopital Bicétre, Service d’Endocrinologie et Maladies de la
Reproduction, Le Kremlin-Bicétre, F-94275, France.

*Corresponding Author: Dr Hugues Loosfelt, MS, PhD, Inserm U693, Faculté de Médecine Paris Sud,
63 rue Gabriel Péri, Le Kremlin-Bicétre, F-94276, France.

Tel: 331495967 10; Fax: 33 14959 67 32; E-mail: hugues.loosfelt@u-psud.fr

Disclosure Statement: The authors have nothing to disclose.

Keywords: Steroid hormone receptor, antiprogestins, phosphorylation, turnover, proteasome, MAP
kinases, transcription

Grant Support: This work was supported by grants from INSERM, the Université Paris-Sud 11 and
Association pour la Recherche sur le Cancer. Junaid A Khan is on study leave from the Department of
Physiology and Pharmacology, University of Agriculture, Faisalabad and is a recipient of doctoral
scholarship from Higher Education Commission, Islamabad, Pakistan and a fellowship from La Ligue

Contre le Cancer, France. CB is recipient of a fellowship from the Conseil Régional de la Martinique.


mailto:hugues.loosfelt@u-psud.fr
http://dx.doi.org/10.1210/me.2011-1042
http://www.hal.inserm.fr/inserm-00611160/fr/
http://hal.archives-ouvertes.fr

inserm-00611160, version 1 - 25 Jul 2011

27
28
29
30
31
32
33

Abbreviations: PR, progesterone receptor; PRA, progesterone receptor isoform A; PRB, progesterone
receptor isoform B; pS294, phosphorylated PRB serine 294; pS130, phosphorylated PRA serine 130;
MAPK, Mitogen Activated Protein Kinase; P-p42/44, phosphorylated p42/44 MAPK; P-p38,
phosphorylated p38 MAPK; P-JNK, phosphorylated JINK MAPK; P4, progesterone; R5020 (17,21-
dimethyl-19-norpregna-4,9-dien-3,20-dione), RU486 (11B-(4-Dimethylamino)phenyl-173-hydroxy-17-(1-

propynyl)estra-4,9-dien-3-one).
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ABSTRACT

Progesterone receptor isoforms (PRA and PRB) are implicated in the progression of breast cancers
frequently associated with imbalanced PRA/PRB expression ratio. Antiprogestins represent potential anti-
tumorigenic agents for such hormone-dependent cancers. To investigate the mechanism(s) controlling PR
isoforms degradation/stability in the context of agonist and antagonist ligands, we used endometrial and
mammary cancer cells stably expressing PRA and/or PRB. We found that the antiprogestin RU486
inhibited the agonist-induced turnover of PR isoforms through active mechanism(s) involving distinct
MAPK-dependent phosphorylations. p42/44 MAPK activity inhibited proteasome-mediated degradation
of RUA486-bound PRB but not PRA in both cell lines. Ligand-induced PRB turnover required
neosynthesis of a mandatory down-regulating partner whose interaction/function is negatively controlled
by p42/44 MAPK. Such regulation strongly influenced expression of various endogenous PRB target
genes in a selective manner, supporting functional relevance of the mechanism. Interestingly, in contrast
to PRB, PRA stability was specifically increased by MEKK1-induced p38 MAPK activation. Selective
inhibition of p42/p44 or p38 activity resulted in opposite variations of PRA/PRB expression ratio.
Moreover, MAPK-dependent PR isoforms stability was independent from PR serine-294 phosphorylation
previously proposed as a major sensor of PR down-regulation. In sum, we demonstrate that MAPK-
mediated cell signaling differentially controls PRA/PRB expression ratio at post-translational level
through ligand-sensitive processes. Imbalance in PRA/PRB ratio frequently associated with
carcinogenesis might be a direct consequence of disorders in MAPK signaling that might switch cellular

responses to hormonal stimuli and contribute towards pathogenesis.
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INTRODUCTION
Progesterone receptor (PR), a steroid-activated transcription factor, is an important pharmacological
target for contraception, female reproductive disorders as well as for hormone-dependent breast and
uterine cancers. Alternative transcription of PR gene results in equal expression of two major isoforms
PRA and PRB (1, 2). PRA lacks the 164 N-terminal amino acids, also called the B-upstream segment
(BUS) present in PRB (3). Each isoform having distinct genomic targets (4) and exerting tissue-specific
effects (5), PRA/PRB expression ratio is a key biological determinant selecting tissue responsiveness to
hormone and growth factors stimuli. Neosynthesized PR is stabilized by interacting with hsp90-
containing complexes (6). Upon ligand binding, PR dissociates from these chaperones, undergoes
conformational changes leading to its homo- and hetero-dimerization and sequential interactions with
transcriptional co-regulators (co-activators and co-repressors). Ligand also induces post-translational
modifications, notably phosphorylations, ubiquitination and sumoylation, regulates PR functions at
multiple levels as well as its down-regulation via proteasomes (7-11). Beside alternative transcription of
PR isoforms, only few studies reported the preferential regulation of one isoform at the post-
transcriptional level (12). However, aberrant PRA/PRB expression is frequently observed in breast and
endometrial cancers (2, 13) suggesting potential alterations in down-regulation mechanisms affecting PR
isoforms stabilities via post-translational modifications.

In PR, at least 14 phosphorylation sites are targeted by multiple kinases, mostly within Serine-
Proline motifs in N-terminal domain affecting PR transcriptional activity and turnover (7, 14-17). Among
these phosphorylation events, PRB serine 294 phosphorylation (pS294-PRB) has been shown to act as an
important sensor for growth factor inputs that affects PR function and plays a critical role in cross-talk
with growth factor signaling pathways (17, 18). Blocking of progestin-induced receptor turnover by
proteasome inhibitors blocks PR transcriptional activities (9). The underlying mechanisms of this
paradoxical link between PR stabilization and transcriptional inactivation are yet to be fully understood
but likely involve direct coupling of proteasomes with transcriptional machinery as already demonstrated

for estrogen receptor (19). RU486 (Mifepristone), a widely used PR antagonist, has been proposed for
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hormone-dependent breast cancer treatment (20). While RU486 blocks PR transcriptional activity by
favoring co-repressors recruitment, it was found that PR turnover was highly reduced following RU486
treatment (8, 21, 22). Like progesterone, RU486 stimulates similar early cascade of events including
chaperone dissociation, dimerization and post-translational modifications such as sumoylation (10) and
phosphorylation (8, 22). Mutation of BRCA1, a PR-interacting protein, leads to deregulated PRA/PRB
ratio resulting in mammary tumorigenesis that was prevented by RU486 (23). It thus becomes of major
importance to explore the mechanisms regulating post-translational modifications of PR isoforms and
their respective turnover.

In this study, we investigated the effects of RU486 on PR isoforms turnover in endometrial and
mammary cancer cells stably expressing PRA or PRB or both. We report that, in contrast to other
antagonists and progestin R5020, RU486 strongly inhibits PRB and PRA degradation. Further
investigations revealed that down-regulations of PRB and PRA are negatively controlled by key
phosphorylation events involving distinct MAP kinases, resulting in selective PR isoform stabilization.
Furthermore, these phosphorylation events are differentially controlled by ligands and antagonize PRB
degradation via proteasome. Our data support the existence of a switching mechanism differentially
regulating PR isoform expression ratio via MAPK-dependent phosphorylations, which might have

important consequences in progression of hormone-dependent cancers.
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RESULTS

Antagonist RU486 inhibits agonist-induced down-regulation of PRA and PRB

Both PR isoforms when co-expressed undergo agonist-induced degradation to similar extent (22),
however, PRB is degraded much more rapidly as compared to PRA in cells expressing either of PR
isoforms (24). Given that PR transcriptional activity is coupled to its proteasome-mediated down-
regulation, we wondered whether antagonist RU486 that inhibits PR target gene transcription, could
impair agonist-induced PR protein degradation. To investigate the mechanisms controlling differential PR
isoforms protein stability/degradation independently of transcriptional contributions from endogenous PR
promoters, we used endometrial (Ishikawa) and mammary cancer cells (MDA-MB-231) stably expressing
recombinant PRA or PRB under the control of same promoter (25, 26). In these models, PR isoform
expression was comparable to that of endogenous expression levels detected in wild type breast cancer
cells T47D (Supplemental Fig. S1). As expected, in both cell types, agonist R5020 (10® M)-induced
PRA- or PRB-mediated up-regulation of FK506 binding protein 5 (FKBP5) gene expression was
abrogated by 100-fold excess of RU486 (10° M), as determined by quantitative RT-PCR (Fig. 1, lower
panels). Under similar hormonal conditions, RU486 was found to abolish agonist-induced PRA or PRB
turnover and led to both PR isoforms accumulation with an electrophoretic upshift, characteristic of
phosphorylated PR species (Fig. 1, upper panels). Therefore, in both endometrial and mammary cancer
cells, silencing of agonist-induced PR isoforms mediated target gene transcription by RU486 is

accompanied with PR isoforms accumulation through unknown mechanisms.

RUA486 stabilizes serine 294-phosphorylated PRB

To understand the mechanisms by which RU486 stabilizes PR isoforms, we first hypothesized that
RUA486 might inhibit agonist-induced PRB serine 294 phosphorylation (pS294) which has been described
as a major signal for PRB turnover and hyper-transcriptional activity (14). To test this possibility,
Ishikawa PRB or Ishikawa PRA cells were treated by R5020 (10°® M) alone or in combination with equal

concentration of RU486 for 6 h or 14 h. Phosphorylated-S294-PRB (pS294-PRB) or total PRB levels,
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phosphorylated-S130-PRA (pS130-PRA, equivalent residue of PRB S294) or total PRA levels were
analyzed by western blot. We found that RU486 was unable to inhibit the agonist-induced pS294-PRB (or
pS130-PRA, Supplemental Fig. S2) after 6 h while down-regulation of pS294-PRB in RU486-treated
cells occurred to a much lesser extent than with agonist alone after 14 h (Fig. 2A). Moreover, RU486
markedly slowed down the agonist-induced degradation of PRB (Fig. 2A), indicating that RU486 did not
inhibit agonist-induced pS294-PRB but instead strongly stabilized it. We next examined whether RU486
and ZK98299, another PR antagonist, could induce pS294-PRB and impact PRB turnover. After 6 h,
pS294-PRB levels were higher accompanied by lack of PRB turnover in RU486-treated cells, as
compared to R5020 (Fig. 2B inset). In contrast, ZK98299 as expected (8, 22) resulted in a weak overall
PRB phosphorylation (lack of electrophoretic upshift) including pS294-PRB and still provoked
intermediary PRB degradation (Fig. 2B, inset). This suggested that pS294-PRB turnover might be
interrupted by RU486 binding. Therefore, we next compared R5020- or RU486-induced pS294-PRB
kinetics in Ishikawa PRB cells under similar ligand concentration (10® M) (Fig. 2C). Quantification of
electrophoretic bands (Fig. 2C, insets) allowed analyzing the time course of ligand-induced pS294-PRB
and PRB degradation. R5020 induced a robust early pS294-PRB (left panel) reaching a peak at 1 h and
then decreased concomitantly to PRB degradation (middle panel). RU486 also induced pS294-PRB but
with slower kinetics reaching a plateau at 12-14 h which remained stable thereafter (right panel) parallel
to PRB accumulation profile (middle panel). As expected (22), analysis of PRA phosphorylation on
serine 130 in Ishikawa PRA cells showed that PRA also undergoes agonist-induced S130-PRA
phosphorylation (pS130-PRA) but with much slower kinetics and to a lesser extent as compared to PRB
(Supplemental Fig. S3). While agonist R5020 or antagonist RU486 induced PRB-S294 phosphorylation
as early as 15 min (Fig. 2C), ligand-induced PRA S130 phosphorylation is detectable only after 1h of
hormonal treatment (Supplemental Fig. S3). Although both R5020 and RU486 induced pS294-PRB (and
pS130-PRA), only the agonist bound PR isoform is signaled towards degradation while antagonist-bound
PR failed to undergo expected pS294- or pS130-driven PR isoform down-regulation. Therefore, we asked

whether RU486-bound PRB might be insensitive to ubiquitination. Parental Ishikawa cells were
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transiently transfected with HA-tagged ubiquitin and PRB expression vectors, pre-treated with
proteasome inhibitor MG132 and incubated or not by ligands during 4 h. Immunoprecipitated PRB was
analyzed by western blot using anti-HA antibody. RU486 markedly reduced basal PRB ubiquitination
(Fig. 2D). Taken together, our results indicate that RU486, despite inducing S294 phosphorylation,
stabilizes PRB in part by inhibiting ubiquitination processes. Thus, turnover of R5020- or RU486-bound

PR isoform is inversely correlated, irrespective to the S294 phosphorylation status.

Phosphorylated p42/p44 are pivotal for PRB but not PRA stability

Mitogen Activated Protein Kinases (MAPK) were reported to enhance PRB transcriptional activity and
turnover through PRB phosphorylation at S294 in the presence of agonist ligands (27). Therefore, we
wondered whether PRB or PRA stabilization by RU486 could be related to alterations in p42/44 MAPK-
dependent phosphorylation events. Ishikawa cells stably expressing either PRB or PRA were incubated
with vehicle or R5020 or RU486 for 1, 6 or 24 h in the absence or presence of U0126, a specific MEK1/2
inhibitor that prevents p42/44 MAPK phosphorylation (P-p42/44). PRB and its S294 phosphorylated
moiety were examined to determine P-p42/44-dependent early and late events that might affect PR
isoform down-regulating mechanisms. As expected, U0126 inhibited P-p42/44 to similar extent in both
PRB and PRA cell lines (Fig. 3A). After 1 h, the agonist- as well as antagonist-induced pS294-PRB
remained unchanged in the presence of U0126 (Fig. 3A, upper panels), indicating that an unknown kinase
distinct from p42/44 targets S294, as previously suggested for agonist ligand (28, 29). Similar results
were obtained for PRA and its pS130 species (Fig. 3, lower panels). Surprisingly, after 6 h, inhibition of
P-p42/44 specifically triggered degradation of RU486-bound PRB with a parallel decrease in pS294-PRB
without altering basal or agonist bound PRB levels (Fig. 3A, middle panels). In sharp contrast, U0126 did
not affect RU486-bound PRA level. At longer time period (24 h), while P-p42/44 inhibition further
enhanced RU486-bound PRB degradation, small decrease in ligand-free as well as R5020-bound PRB
was also observed (Fig. 3A, right panels) indicating that P-p42/44 also enhances the agonist-bound PRB

stability but to lesser extent as compared to RU486. Quantitative RT-PCR analysis showed that PRB
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MRNA levels were unchanged following U0126 treatment (Supplemental Fig. S4) indicating that p42/44
control PRB stability at post-translational levels. Similar P-p42/44-dependent stabilization of RU486-
bound PRB was observed when Ishikawa PRB cells were cultured in serum free medium (Supplemental
Fig. S5). Surprisingly, U0126 treatment did not affect basal or ligand-bound PRA levels even after 24 h,
indicating that PRB but not PRA turnover is negatively controlled by P-p42/44 in a ligand sensitive
manner (Fig. 3A, right panels). To substantiate P-p42/44 as well as ligand specificity for PRB
stabilization at shorter time points (6 h), Ishikawa PRB cells were exposed to increasing concentrations of
U0126 under constant amounts of R5020 or RU486 (Fig. 3B). In contrast to vehicle or R5020 treatment,
degradation of RU486-bound PRB (and pS294-PRB species) occurred as a function of P-p42/44
inhibition with a decrease in overall PRB upshift. This strongly indicates that RU486-induced PRB
stabilization is controlled by p42/44 activity in a dose dependent manner. These results demonstrate that
RU486, when compared to R5020 or vehicle, strongly facilitates P-p42/44-dependent phosphorylation of

PRB on a residue other than S294 resulting in slower PRB degradation.

P42/44 MAPKSs control proteasome-dependent turnover of ligand-bound PRB in endometrial and
mammary cancer cells
To further analyze the p42/44-dependent mechanism of PRB stabilization, we asked whether this
mechanism could be also functional in breast cancer cells. For this, MDA-MB-231 PRB cells were treated
or not by RU486 and U0126 for 24 h. In contrast to Ishikawa cells, basal PRB level increased following
inhibition of p42/44 activity (Fig. 4A). However, RU486-bound PRB was degraded following U0126
treatment as in Ishikawa cells indicating that ligand-specific p42/44-dependent mechanism controlling
PRB stability is conserved in both cell types.

Our previous results in Fig. 3A showed that at delayed time points P-p42/44 inhibition also
accelerated R5020-bound PRB degradation. Therefore, we asked whether ligand-specific p42/44 control
of PRB stability is relevant for the natural ligand progesterone known to induce slower PRB turnover than

synthetic progestin R5020. As shown in Fig. 4B, progesterone-bound PRB degradation was enhanced by
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U0126 in both MDA and Ishikawa cells thus indicating that p42/44 activity also slows down
progesterone-induced PRB turnover.

To verify whether association of RU486 and U0126 had provoked any change in subcellular
localization of PRB that might intervene in PRB stabilization, immunofluorescence studies in MDA-MB-
231 PRB cells demonstrated that PRB remained mainly localized in the nuclei in all conditions (Fig. 4C).
As expected, the agonist stimulated PRB degradation while RU486 provoked a strong PRB nuclear
retention. Specific inhibition of p42/44 resulted in RU486-bound PRB degradation consistent with
western blot analyses (Fig. 4A) thus strengthening the important role of P-p42/44 signaling cascade in
ligand-bound PRB stabilization.

Given that PR is degraded via proteasomes, we wondered whether inhibition of RU486-bound
PRB ubiquitination could be reversed by ubiquitin over-expression. Ishikawa PRB cells were transiently
transfected with control or HA-ubiquitin encoding vector during 24 h and treated with vehicle or R5020
or RU486 during 6 h. As expected, ubiquitin over-expression decreased basal PRB levels, however,
RU486-bound PRB (and pS294-PRB species) underwent much slower degradation as compared to
R5020-induced PRB turnover (Supplemental Fig. S6). We next examined the contribution of P-p42/44 in
the control of such processes by using proteasome inhibitors. We found that MG132 as well as lactacystin
(not shown) strongly enhanced P-p42/44 in Ishikawa cells without affecting total p42/44 levels (Fig. 4D)
as was already reported for other cell lines (30). As expected, MG132 exposure resulted in PRB
accumulation in vehicle as well as in hormonal conditions. Interestingly, however, P-p42/44 inhibition
partially impaired PRB accumulation under MG132 (Fig. 4D, see lane 3 vs 4, 7 vs 8, 11 vs 12) and
lactacystin exposure (not shown) indicating that proteasome inhibitors stabilize PRB by activating p42/44
in addition to the blockade of proteolytic functions of proteasome. To rule out the possibility that U0126
might interfere with proteasome activity, we examined the expression of glucocorticoid receptor (GR),
another nuclear receptor belonging to the same nuclear receptor subfamily as PR, and also degraded by
proteasomes. In the presence of RU486, also a powerful antagonist of GR, U0126 treatment did not

induce degradation of RU486-bound GR, nor inhibited GR accumulation by MG132 (inset Fig. 4D)

10
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demonstrating that P-p42/44 selectively controls PRB stability without affecting general proteasome
activity.

Collectively, these results demonstrate that P-p42/44-dependent mechanism slows down the
proteasome-dependent turnover rate of ligand-bound PRB in mammary as well as in endometrial cells.
This stabilizing mechanism is potentiated by RU486 as compared to progestins, and is also functional
with the natural ligand progesterone. Therefore, p42/44 MAPK act as brakes for proteasome-dependent

turnover of PRB in a ligand sensitive manner.

Phosphorylated p42/p44 inhibit function of a down-regulating protein partner

In order to analyze the impact of P-p42/44-dependent phosphorylation on PRB turnover independently of
transcriptional and translational events, we pre-incubated Ishikawa-PRB cells with cycloheximide alone
or in combination with U0126, and then treated with vehicle or R5020 or RU486 (Fig. 5A). Surprisingly,
we found that pre-synthesized PRB was highly stabilized following 24 h treatment by cycloheximide, to a
level similar for each ligand condition (PRB, lanes 3, 7, 11). Of note, the strong impact of progestin on
PRB degradation as well as RU486-bound PRB degradation in the presence of U0126 was fully abolished
when neosynthesis was turned off. This strongly suggested that both agonist- as well as antagonist-
induced PRB down-regulation requires de novo synthesis of down-regulating protein partner(s).
Intermediary patterns were also analyzed at shorter time points (not shown), mainly showing that agonist-
induced PRB down-regulation was inhibited as early as 6 h after cycloheximide treatment. Cycloheximide
abrogated the degradation of agonist-bound S294-phosphorylated PRB which is known to be directed to
the proteasome pathway (lane 7 vs 5). This indicates that the putative down-regulating factor might
preferentially target the pS294-PRB species. We noted that cycloheximide decreased the level of RU486-
induced pS294-PRB (lane 11 vs 3). By blocking neosynthesis of the ligand-specific kinase targeting
S294, cycloheximide might interrupt the delayed S294 phosphorylation processes (6-24 h) induced by
RUA486 without affecting early processes (1-2 h) initiated by agonist as shown in Fig. 2C. We may thus

hypothesize that agonist ligand induces interaction of pS294-PRB with down-regulating factor(s), and

11
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that RU486 might specifically inhibit this step. Furthermore, we observed that cycloheximide led to
increased P-p42/44 levels (but not total p42/44) that might contribute towards PRB protein stabilization
(lanes 3, 7, 11) consistent with our previous findings showing that P-p42/44 stabilizes PRB. Co-treatment
of cells with U0126 partially restored degradation of pre-synthesized PRB (lane 3 vs 4, 7 vs 8, 11 vs 12)
supporting that P-p42/44 might inhibit interaction with a protein partner required for PRB turnover.
Differential effects of ligands on PRB stability might result from their respective ability to control
kinetics of at least two phosphorylation events having opposite effects on PR stability, one targeting S294
of PRB independently of MAPK (accelerating turnover), and the other involving a p42/44-dependent

kinase activity targeting phosphorylation site other than S294 that inhibits pS294-PRB degradation.

p42/44 MAPK differentially impact PRB transcriptional activity

As proteasome-dependent turnover of PRB has been shown to be coupled to its transcriptional activity,
we asked whether p42/44 dependent stabilization of ligand-bound PRB could impact transcription of
progesterone responsive genes. In both MDA-MB-231 PRB cells and Ishikawa PRB cells, inhibition of
p42/44 activity dramatically decreased PRB-mediated reporter gene transcription in response to
progesterone and R5020 (Fig. 6A). The partial agonistic effect of RU486 was similarly diminished
following U0126 treatment. This shows that p42/44 facilitates PRB transcriptional activity from synthetic
promoters.

Given that PRB-mediated transcription of endogenous genes involves promoter-dependent
recruitment of co-regulators, we examined the impact of MAPK signaling on ligand-dependent
transcription of various PRB target genes. MDA-MB-231 cells were pre-incubated with U0126 and
treated with vehicle, progesterone, R5020 or RU486 during 6 h. As shown in Fig. 6B, P-p42/44 inhibition
differentially influenced ligand-regulated transcription of PRB target genes. Similar to inhibitory effect of
U0126 on reporter gene transcription, agonist-induced Dickkopf-related protein 1 (DKK1) and
amphiregulin (AREG) gene transcription was dramatically reduced following U0126 treatment. Likewise,

U0126 reversed the agonist ligand-dependent transcriptional repression of cyclin D1 and heparin-binding

12



inserm-00611160, version 1 - 25 Jul 2011

281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306

EGF-like growth factor (HB-EGF) genes. Moreover, RU486 also decreased HB-EGF gene transcription
that was inhibited by U0126. However, U0126 did not alter PRB-mediated epiregulin (EREG) gene
transcription. Interestingly, P-p42/44 inhibition strongly enhanced ligand-induced transcription of FKBP5
and serum and glucocorticoid-regulated kinase 1 (Sgkl) genes. These results show that p42/44 MAPK
fine tune PRB mediated transcription depending on target gene promoter context and influence
transcription of both up-regulated as well as down-regulated PRB target genes. Thus p42/44 not only
stabilize ligand-bound PRB but also play a major role in modulating as well as selecting PRB-mediated

transcriptional response to ligands.

MEKKT1 stabilizes PRA through phosphorylated-p38 MAPK

Our findings that P-p42/44 stabilizes PRB but not PRA suggest that distinct MAPK cascades could
selectively control PR isoforms stabilities. To test this hypothesis, we transiently transfected PRB or PRA
expressing Ishikawa cells by a vector encoding constitutively active MEKK1 (c(MEKK1) and treated with
agonist or antagonist ligands for 6 or 24 h. cMEKK1 primarily phosphorylates p38 and c-Jun-N-terminal
kinase/stress-activated protein kinase (JNK/SAPK) and to a lesser extent p42/44 MAPK (Fig. 7A inset).
cMEKKZ1 increased basal PRB levels and concomitantly S294 phosphorylated species after 6 h
(Supplemental Fig. S7) as well as 24 h (Fig. 7A). However, a much more pronounced increase in total
PRA and pS130-PRA levels was observed under both vehicle as well as ligand conditions (Fig. 7A and
Supplemental Fig. S7) suggesting that high MEKKZ1 activity preferentially stabilized PRA in Ishikawa
cells. Such stabilizing effect was observed at lower extent by decreasing cMEKK1 amount showing dose-
dependency of the mechanism (Supplemental Fig. S8). We then aimed at identifying the specific
MEKK1-downstream MAPK, possibly involved in the regulation of PRA stability. Ishikawa PRA cells
were pre-treated with specific inhibitors of P-p42/p44 (U0126), P-p38 (PD169316) or P-JNK (SP600125)
and transfected with cMEKK1 expression vector. After 24 h, the phosphorylation status of MAPKs was
examined (Fig. 7B inset). While U0126 and SP600125 inhibited P-p42/44 and P-JNK respectively, it is

not surprising that PD169316 did not inhibit MEKK1-induced p38 phosphorylation. Indeed, in contrast to

13
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U0126 or SP600125 that selectively inhibit the phosphorylation of p-42/44 or JNK respectively,
PD169316 is known to selectively inhibit the kinase activity of the phosphorylated p38 without hindering
upstream kinases to phosphorylate p38 (31, 32). Increased phospho p-38 levels in the presence of
PD169316 (Fig. 7B inset) are most likely due to blockade of negative feedback loop of dephosphorylation
of p38 MAPK by MAPK phosphatases (MKP) (33, 34). As shown in Fig. 7B, MEKK1-dependent
increase in PRA stability was clearly impaired in cells treated with PD169316 but not by U0126 or
SP600125 suggesting that P-p38 pathway is implicated in the regulation of PRA stability. To strengthen
our argument for p38-dependent stabilization of PRA, Ishikawa PRA cells were co-transfected with
control or cMEKK1 vector along with specific sSiRNA against both p42 and p44 or p38 MAPK. Results
presented in Fig. 7C demonstrate that p38 but not p42/44 siRNA clearly inhibited increase in PRA
stability by cMEKK. These observations along with our previous findings provided first evidence that

distinct MAPK differentially regulate PR isoforms stability.

PRA/PRB expression ratio is controlled by distinct MAPK

The selective MAPK control of PR isoforms stabilities prompted us to examine the impact of MAPK on
PRA/PRB expression ratio when both isoforms are co-expressed in the same cells, i.e. in conditions
where ligand-bound PRA and PRB can interact as heterodimers and can compete for their proteasome-
mediated turnover. In Ishikawa PRAB cells co-expressing both PR isoforms, MEKKZ1 stabilized basal
PRA at much higher level than PRB (Fig. 8A), indicating that basal PRA turnover is selectively and
highly sensitive to p38 MAPK activities even in the presence of PRB. Such effect led to a strong increase
of ligand-free PRA/PRB ratio from 0.3 to 1. As expected (22, 29), basal as well as MEKKZ1-induced
pS294-PRB levels were higher as compared to pS130-PRA levels in cells co-expressing both PR
isoforms. This cell-based model enabled us to investigate the relative contribution of P-p42/44 and P-p38
MAPK in regulating PRB or PRA stabilities under MEKK1 stimulation and thus in controlling PRA/PRB
expression ratio at post-translational level. P-p42/44 inhibition using U0126 (Fig. 8B) or p42/44 knock-

down by specific sSiRNA (Supplemental Fig. S9) selectively but not exclusively decreased PRB stability.
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Such preferential decrease in PRB levels following p42/44 inhibition resulted in increased PRA/PRB ratio
under vehicle and R5020 exposure but not in RU486 treated cells (Fig. 8B). In contrast, PRA/PRB ratio
drastically decreased after PD169316 treatment, irrespective to ligand conditions, consistent with
impaired PRA stabilization upon P-p38 inhibition. Moreover, inhibition of P-JNK by SP600125 enhanced
PRB stability thus decreasing PRA/PRB ratio. However, PRA expression was also slightly decreased by
U0126 particularly in vehicle and R5020-treated cells suggesting that p42/44 specificity of PRB might be
conferred to the PRA:PRB heterodimer. Furthermore, variation of pS294-PRB and pS130-PRA levels
were correlated with ligand-induced changes in total PRB and total PRA levels under selective inhibition
of MAPK. These results indicate that S294-PRB and S130-PRA are targeted by a kinase distinct from
p42/44, p38 or INK MAPK. Of interest, the differential impact of distinct MAPK pathways on PR
isoforms stability, i.e. P-p42/44 for PRB and P-p38 for PRA, also varies to different extent depending on
the nature of PR ligand (agonist or antagonist). For a given status of MAPK activities, ligand treatment
led to higher PRA stability as compared to PRB resulting in increased PRA/PRB ratio. In contrast, for a
given ligand condition, p38 or p42/44 MAPK selectively controlled PRA or PRB stabilities resulting in
overall up or down shift in PRA/PRB ratio. Such mechanisms controlling PRA/PRB expression ratio

might play crucial role in hormonal responsiveness in progesterone target tissues.
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DISCUSSION

The putative functional link between agonist-induced PRB phosphorylation and down-regulation has been
extensively analyzed by other laboratories (11). Agonist ligands induce PRB phosphorylation at multiple
sites in the N-terminal region, notably at serine residues 102, 294, 345 (8), while other residues are
phosphorylated in the ligand-free PRB (35). Although, RU486 induces phosphorylation of identical sites
as compared to agonist (8), it was shown that RU486 has either no effect on PRB down-regulation (36) or
induces PR down-regulation through much slower kinetics than agonist (21). We have recently reported
that SRC-1 co-activator was degraded by the proteasome in a PRB-dependent manner that was also
inhibited by RU486 (37). To explore the role of PR phosphorylation on its degradation, mutagenesis
experiments revealed that substitution of serine 294 by an alanine (S294A) led to PRB stabilization
suggesting that PRB down-regulation is mainly addressed by the Ser294 site (11). However, in stably
transfected T47D cells, PRB-S294A mutant underwent ligand induced turnover, though to lesser extent as
compared to wild type PRB (38). We have thus considered that PR stability/turnover might also be
governed by pS294-independent mechanisms. Herein, we demonstrate that RU486 promotes PRB or PRA
protein stabilization despite inducing pS294 or pS130 (equivalent serine residue on PRA) respectively,
indicating that RU486 interferes in downstream events of pS294- or pS130-signalled PR isoforms down-
regulation. Our data does not correlate with previous reports using T47D-YB cells (stably expressing
PRB) or in HeLa cells transiently transfected with PRB expression vector showing that P-p42/44 MAPK
accelerate PRB degradation (11, 28). Furthermore, it was reported that EGF- but not progestin-induced
pS294 requires p42/44 MAPK activity (14). However, in the same study it was shown that EGF, despite
inducing pS294, increased PRB stability in T47D-YB cells, consistent with our observations. Increased
pS294-PRB levels observed following EGF in this prior report might in part be due to PRB accumulation
by p42/44 activation. Similarly, enhancing p42/44 activity by MEKK1 was reported to induce pS294 and
accelerated PRB turnover in transiently transfected HeLa cells (14). Our results in cells stably expressing
PRB show that p42/44 MAPK increase PRB stability that might in part account for increased pS294-PRB

species. In support of our results, it has been recently described that degradation of androgen receptor
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(AR) is enhanced following p42/p44 inhibition by U0126 in prostate cancer LNCaP cells (39). It thus
seems very likely that such p42/44 MAPK-dependent stabilizing effect might be conserved for this
nuclear receptor subfamily.

The N-terminal BUS domain of PRB, containing several PEST-like sequences which might
initiate turnover process as degron signals (40), accounts for increased turnover rate of PRB than PRA.
BUS domain can also confer ligand-dependent down-regulating properties to other nuclear receptors such
as estrogen receptor and AR (41). This property corresponds to the N-end rule for protein degradation as
defined by Varhavsky et al (42). Furthermore, the BUS domain is involved in N-C terminal
intramolecular interactions via two LXXLL motifs similar to NR boxes present in co-activator sequences
that interact with nuclear receptors (43) accounting for native PRB conformation that is distinct from
PRA. Mutations of these sequences abolish the agonist-induced PRB turnover (41) and decrease the
reporter gene transcriptional activity similar to that exhibited by PRA. It has been shown that PR-
interacting proteins having associated ubiquitin E3-ligase activity such as BRCAL1 (23) and E6-AP (44)
selectively control PRA or PRB turnover indicating that differential regulatory proteins are involved in
PR isoform down-regulation. Involvement of such molecular partners is very likely since we found that
agonist-induced PRB down-regulation was completely abrogated by blocking protein neosynthesis.
Recently, it was demonstrated that RU486-bound PRB conformation, in conjunction with PR co-
regulatory protein Jun dimerization protein-2, exposes protein interaction surfaces that are distinct from
those presented by agonist ligand (45). In agreement with these studies, our results indicate that unique
conformation of RU486-bound PRB might strongly facilitate stabilizing effects of p42/44-dependent
phosphorylation (on a residue other than S294) which impedes interaction with co-regulatory proteins
implicated in PRB turnover. This p42/44-dependent phosphorylation also occurs upon agonist binding but
with a more discrete stabilizing effect as compared to RU486. Such differences might be due to distinct
conformations induced by ligands in PRB N-terminal domain. While agonist ligand might strongly favor
interaction of pS294-PRB with putative ubiquitin-ligase(s), RU486-bound PRB might be refractory to

such interactions by favoring the stabilizing effect of the p42/44-dependent phosphorylation. As shown
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by the surprising effect of U0126 in restoring fast RU486-PRB turnover, this interaction is directly
inhibited by p42/44-dependent phosphorylation(s). Whether p42/p44 target a PRB-interacting down-
regulatory protein is less likely given the ligand sensitivity of the mechanism and the lack of PRB
electrophoretic upshift under P-p42/44 inhibition. Nevertheless, we could not rule out the possibility that
MAPK-dependent phosphorylation(s) of PR molecular partner(s) may also play a role in determining PR
stability.

We have studied the impact of p42/44 on PRB stabilization and its transcriptional activity. While
p42/44 MAPK inhibition dramatically reduced transcriptional activity from exogenous promoter,
differential effects were observed on endogenous gene transcription. Inhibition of P-p42/44 reversed the
ligand-induced transcriptional activation (DKK1 and AREG genes) or repression (cyclin D1 and HB-EGF
genes). Certain genes might be insensitive to MAPK inhibition (EREG) while transcription of a gene
subset (FKBP5 and Sgk1) was highly potentiated by inhibition of p42/44 activity. This shows that p42/44
MAPK fine tune PRB mediated transcription depending on target gene promoter context and influence
transcription of both up-regulated as well as down-regulated PRB target genes. It was shown previously
that HB-EGF and Cyclin D1 expression increased following progestin treatment in T47D cells, (38, 46).
However, in MDA-MB-231 cells, we found that both agonist (progesterone or R5020) and antagonist
(RU486) ligands decreased cyclin D1 and HB-EGF expression similar to anti-proliferative effects of these
ligands (data not shown). It has been reported that progesterone decreases HB-EGF transcription in
epithelial cells while in stromal cells, HB-EGF transcription is increased by progesterone (47). Consistent
with our results, it was shown that progestin inhibits proliferation of MDA-MB-231 cells stably
expressing both PR isoforms (48) and that progesterone decreased cyclin D1 expression as early as 4 h
following hormonal treatment (49). The differences in T47D (luminal) and MDA-MB-231 (basal
epithelial) cells for these PR target genes regulations might result from differential PR signaling and/or
differential expression of co-regulatory proteins. Diverse transcriptional effects following p42/44
inhibition does not support that U0126 could artifactually shutdown PRB activity through non-specific

effects. MAPK-dependent extracellular signaling might thus selectively influence PRB-mediated
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transcription depending on various parameters linked to both target gene promoter context and dynamics
of proteasome-dependent PRB turnover. MAPK inhibitors have been recently shown to promote the
interaction of co-repressor silencing mediator of retinoid and thyroid receptors (SMRT) with antagonist-
bound AR (50). Moreover, combined treatment of LNCaP prostate cancer cells by p42/p44 inhibitor and
AR antagonist cyproterone acetate inhibits AR-mediated transcription as well as agonist-induced cell
proliferation. These features are similar to that we obtained with RU486 and U0126 in MDA-MB231
cells. As SMRT co-repressor also mediates RU486-bound PRB transcriptional repression (51),
enhancement of SMRT interaction for PRB following p42/44 inhibition remains to be proven.

While p42/p44 stabilizes PRB, p38 MAPK selectively enhances PRA stabilization, irrespective to
ligand, through an unidentified site other than S130. PR upshift following ligand exposure is mainly
attributed to PR phosphorylation at serine 345, a MAPK consensus residue (52). Given that PRB
degradation was enhanced following U0126 treatment, a role of serine 345 in such stabilizing mechanism
seems likely. Lack of BUS domain in PRA structure might allow p38-dependent phosphorylation that
might be inaccessible in PRB due to conformational differences in PR isoforms. In Ishikawa cells co-
expressing PRA and PRB, MEKK1 stimulation increased basal PRA/PRB expression ratio that was
further enhanced by agonist as well as antagonist ligands. While PRB was able to confer p42/p44
sensitivity to PRA:PRB heterodimer, PRB remained refractory to p38-dependent PRA stabilizing effect.
These observations highly support that distinct MAPK-mediated extracellular signaling can highly
influence PRA/PRB expression ratio. PRA and PRB regulate common as well as distinct target gene
subsets (4, 41) and disruption of relative PR isoforms expression is reported in both breast and
endometrial cancers (2, 13). Variations in PRA/PRB expression ratio leading to a change in PR isoforms
homo- and hetero-dimers balance might thus be a critical determinant of PR target gene selection and/or
disordered transcriptional regulation resulting in altered cellular response to hormonal stimuli that might
contribute towards pathogenesis. Our results highlight that imbalance in PRA/PRB ratio frequently
associated with carcinogenesis might be a direct consequence of disorders in MAPK signaling. Using

p42/44 selective inhibitors in mammary oncotherapy, as was previously proposed to decrease PRB
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transcriptional activity (24), might indirectly favor PRA stability/signaling to the detriment of PRB. In
contrast, we propose that p38 inhibitors might help to rescue normal PRA/PRB balance in cancer cells
over-expressing PRA.

In sum, our results, summarized in Fig. 9, reveal that p38 and p42/44 MAPK selectively control
PRA and PRB stabilities. We propose that the BUS domain encompasses a down-regulation tag
conferring to PRB a fast agonist-inducible turnover that is negatively controlled by p42/44 MAPK
targeting PRB on a residue distinct from S294. PRB stabilization by RU486 might be due to enhancement
of this p42/p44 control resulting in downstream inhibition of interaction with (or function of) mandatory
down-regulating partner(s). Given the conformational differences between PRA and PRB, p38 MAPK
selectively targets PRA leading to its stabilization. Extracellular stimuli such as epidermal growth factors
or pro-inflammatory cytokines that preferentially activate p42/44 or p38 MAPK respectively may lead to
opposite variations in PRA/PRB expression ratio at post-translational level. Changes in extracellular
signaling in these cells might strongly influence PRA/PRB ratio and lead to dramatic shift in selection of
PR target gene subsets thus switching cellular responses to hormonal/growth factor stimuli. This might be
of broad concern for designing pharmacological intervention in breast cancers regarding combination of

selective MAPK inhibitors along with antiprogestins.
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MATERIALS AND METHODS

Cell Culture and Reagents

Human endometrial cancer cell lines Ishikawa PRA, Ishikawa PRB, Ishikawa PRAB engineered to stably
express either or both PR isoforms (PRA, PRB, PRA and PRB) were kindly provided by Dr LJ. Blok
(Erasmus University, Rotterdam) (25). Human breast cancer cells MDA-MB-231 stably expressing PRB
were Kindly provided by A Gompel, Université Paris Descartes, France (26). All cell lines were routinely
cultured in Dulbecco’s Modified Eagle’s Medium (DMEM) with glutamine, enriched with 10 % fetal calf
serum (Biowest) and supplemented with antibiotics (penicillin 100 Ul/ml, streptomycine 100 pg/ml)
(PAA Laboratories GmbH). For each experiment, cells were pre-incubated in steroid free medium
containing 5 % dextran-coated charcoal-treated serum without antibiotics for at least 24 h prior to
hormonal treatment. Progesterone, R5020, RU486 and inhibitors for MEK1/2 (U0126), phospho-p38
(PD169316) and phospho-JNK (SP600125) MAPK, proteasome (MG132), protein neosynthesis

(cycloheximide) were purchased from Sigma.

Immunoblotting

For whole cell protein extraction, cells were rinced twice with phosphate-buffered saline and lysed by
scrapping in extraction buffer (0.1 % [vol/vol] Triton X-100, 50 mM Tris-HCI [pH 7.5], 5 mM EDTA,
150 mM NacCl, 0.2 % [wt/vol] NaF, 1.3 % [wt/vol] sodium pyrophosphate) containing phosphatases and
proteases inhibitors mixture (Sigma). Lysates were clarified by centrifugation at 16,000 g for 15 minutes
in a refrigerated microfuge. Soluble proteins were quantified using the bicinchoninic acid assay kit
(Interchim) and equal amounts of protein were mixed with 1/3 volume of 3x Laemmli sample buffer
(187.5 mM Tris-HCI [pH 6.8], 15 % [vol/vol] B mercapto-ethanol, 30 % [vol/vol] glycerol, 6 % [vol/vol]
sodium dodecyl sulfate (SDS) and 0.03 % [wt/vol] bromophenol blue) and heated at 95°C for 5 minutes
for denaturation. Equal amounts of protein were resolved by SDS—polyacrylamide gel electrophoresis (7.5
% or 10 % acrylamide) and transferred on polyvinylidene fluoride membrane. Primary antibody solutions

were prepared in TBS-T containing 5 % fat skimmed dry milk at the final dilution of 1:3,000 for PRA and
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PRB phospho serine 294 specific antibody (Affinity BioReagent), 1:500 for anti-PRB specific mouse
monoclonal antibody Let 126 (53), 1:10,000 for mouse monoclonal anti-PRA and anti-PRB antibody
(NCL-L-PGR-312/2, Novocastra Laboratories), 1:3,000 for phospho-specific or total p38, p42/p44 or
JNK MAPK antibodies (Cell Signaling Technology), 1:250 for anti-glucocorticoid receptor antibody
(AbC10-G015, AbCys, SA) or 1:10,000 for anti-a-tubulin antibody (Sigma). The membranes were
immersed in primary antibody solution on a rotator either at 4°C overnight or at room temperature during
1 h. Incubation with horseradish peroxidase conjugated goat anti-mouse or anti-rabbit secondary antibody
solution (Vector Laboratories, Burlingame, CA) was prepared in TBS-T 5 % skimmed dry milk at
1:15,000 dilutions. Membranes were then incubated for 1 h at room temperature. Target proteins were
detected using ECL Plus reagent (GE Healthcare) and visualized by chemiluminescence. Bands
corresponding to target proteins were quantified by scanning films obtained for several non-saturating
time exposures, using MacBiophotonics ImageJ 1.43s software and were normalized to either tubulin or

total p42/p44 loading control.

Immunoprecipitation assays

Parental Ishikawa cells were transfected in 100 mm plate with HA-ubiquitin and PRB expression vectors
(54) during 48 h in steroid free medium. Cells were treated with MG132 (5 uM) during 30 min before
treatment with vehicle or R5020 (10® M) or RU486 (10® M) during 4 h in 5 % steroid free FCS
containing medium. Cells were lysed at 4°C in 500 ul lysis buffer and cell debris were pelleted by
centrifugation (14,000 g, 15 min, 4°C) and the supernatant was obtained. One mg of total protein was
immunoprecipitated using anti-PR antibody (C-19, Santa Cruz) and Protein G Magnetics Beads
(Millipore) according to the manufacturer’s instructions. Bound immunocomplexes were boiled in
Laemmli buffer and resolved on 7.5 % acrylamide gel as described above. Anti-HA (12CA5, Roche
Diagnostics) or anti-PR antibody (NCL-L-PGR-312/2, Novocastra Laboratories) was used for the

detection of ubiquitinated or total PRB respectively.
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Real time quantitative RT-PCR

Hormone-treated cells were rinced twice with PBS and total RNA was extracted using TRIZOL reagent
(Invitrogen) as described previously (54). One microgram of total RNA was treated with DNase |
Amplification Grade (Invitrogen) and reverse transcribed using cDNA RT kit from Applied Biosystems.
Complementary DNA (cDNA) thus obtained was diluted 10-fold and 1/20™ fraction of the cDNA
preparation was amplified by polymerase chain reaction (PCR) using the Power SYBR Green PCR
Master Mix (Applied Biosystems). Primers (300 nM) sequences are presented in Supplemental Table 1.
Reaction parameters were set to 95°C for 10 min, 40 cycles at 95°C for 15 sec and 60°C for 1 min on ABI
7300 Sequence Detector (Applied Biosystems). A dissociation curve was also obtained to verify primer
pair specificity. For standards preparation, amplicons were purified after agarose gel electrophoresis,
subloned in pGEMT-easy (Promega), and then sequenced for verification of the amplification product.
These plasmid-amplicons were linearized and used for standardization of real time quantitative PCR. All
samples were analyzed in duplicate from at least three independent cell cultures. The relative expression

level of each gene transcript was normalized with 18S RNA level of the corresponding sample.

Transient Transfection

Constitutively active MEKK1 expression vector (55) was kindly provided by Dr MH Cobb (University
of Texas, Southwestern Medical Center). Transfections were performed using LipofectAMINE 2000
according to the manufacturer’s recommendations (Invitrogen). The cells were plated at 1.2 x10%well in
6-well plates and then transiently transfected with control or HA-ubiquitin or MEKK1 expression vector
during indicated time periods in phenol red free medium containing 2.5 % steroid depleted FCS. The cells
were then treated with ethanol (vehicle) or R5020 (10® M) or RU486 (10® M) for indicated durations in
steroid free medium. For SiRNA transfection experiments, cells were co-transfected with control or
CMEKKT1 expression vector (1 pg) along with either of the following siRNAs (SignalSilence, Cell
Signaling); control (#6568), p42 and p44 (#6560) or p38 (#6564 or #6243) MAPK (100 nM) using

Lipofectamine 2000.
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Luciferase reporter gene assays

MDA-MB-231 PRB or Ishikawa PRB cells were cultured in steroid free medium and transfected with
PRE2-TATA-luciferase reporter gene (100 ng) and B-galactosidase (10 ng) plasmids in 96-well plates.
After 24 h of transfection, cells were incubated with vehicle or progesterone (10® M) or R5020 (10® M)
or RU486 (10® M) for 24 h. Cells were collected with the Passive Lysis Buffer (Promega). Luciferase
activity was measured with a luminometer (Victor, Perkin Elmer) and normalized with either -
galactosidase activity or total protein concentration. The data are presented as means = SE of six

independent cell cultures (n=6).

Immunocytochemical assays

Cells were seeded in 24-well plates, fixed with 4 % paraformaldehyde and permeabilized 30 min with
PBS containing 0.5 % Triton X100. Cells were then incubated with primary anti-PR antibody
(Novocastra) overnight at 4°C and for 30 min with an Alexa 488-coupled anti-mouse IgG secondary
antibody. Fluorescent cells were analyzed with an Olympus Provis AX70 microscope. Pictures
acquisition was performed at 20x magnitude for 160 ms with imaging Qcapture Pro version 5.1 (Q

Imaging Inc.).

Statistical Analysis

Data are expressed as mean = SEM. Non parametric Mann-Whitney test for transactivation studies or
unpaired t-test for quantitative analysis of western blot images was used to determine significant
differences between groups using the computer software Prism 4 (GraphPad Software, San Diego, CA).

Statistical significance is indicated at P < 0.05, 0.01, and 0.001.
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FIGURE LEGENDS

Figure 1. RU486 abrogates agonist-dependent PRA and PRB down-regulation and transcriptional
activity.

Ishikawa or MDA-MB-231 cells stably expressing PRA or PRB were treated either by vehicle or R5020
(10 M) alone or in combination with RU486 (10° M) during either 6 h for gRT-PCR analysis of FKBP5
gene transcripts (lower panel) or 24h for immunoblot detection of PR isoforms using anti-PR antibody
(upper panel). Statistical significance is shown for agonist-induced transactivation as compared to vehicle

treated cells by star (* ) or for comparison between agonist alone or with antagonist treated cells by cross

().

Figure 2. Unlike R5020 and ZK98299, RU486 induces stable PRB-S294 phosphorylation.

A. Ishikawa PRB cells were treated by ligands as in Fig. 1 during 6 or 14h and whole cells extracts were
immunoblotted using PRB-5294 phospho-specific, anti-PRB or anti-tubulin antibody.

B. Ishikawa PRB cells were treated without or with R5020 (10 M) or ZK98299 (10° M) or RU486 (10
M) during 6 h and whole cell extracts were immunoblotted as in A. Numerized band densities
corresponding to pS294-PRB (upper inset) or total PRB (middle inset) are normalized to vehicle or
tubulin controls and plotted as fold induction or percentage of total PRB in ligand free condition. Ligand-
induced pS294/PRB (lower inset) is presented as fold induction of vehicle treated cells.

C. Ishikawa PRB cells were treated without or with R5020 (10® M) or RU486 (10°® M) during indicated
time periods and whole cell extracts were immunoblotted as in A. pS294-PRB and PRB band densities
were normalized to vehicle or tubulin controls and plotted as fold induction of ligand-free species for each
time point (left and middle panels) and the corresponding ratio is shown in the right panel (white triangle
vehicle; black diamond R5020; white circle RU486).

D. Parental Ishikawa cells lacking PRB expression were transiently transfected with HA-ubiquitin and
PRB expression vectors during 48 h, pre-treated with MG132 (5 pM) during 30 min and then incubated

without or with R5020 (10® M) or RU486 (10 M) during 4 h. Following PRB immunoprecipitation
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using monoclonal anti-PR antibody, ubiquitinated-PRB was analyzed by western blot using anti-HA
antibody (upper panel). PRB levels corresponding to 1 % input were detected by anti-PR antibody (lower

panel).

Figure 3. Phosphorylated p42/44 MAPK stabilize PRB but not PRA in a ligand-dependent manner.
A. Ishikawa PRB or PRA cells were pre-treated with DMSO or U0126 (10 uM) during 30 min and then
incubated without or with R5020 (10 M) or RU486 (10® M) during 1, 6 or 24 h. Whole cell extracts
were immunoblotted using either phospho-specific (pS294-PRB, pS130-PRA) or anti-PR antibody (PRB,
PRA). From the same immunoblot, either total p42/p44 or their phosphorylated species (P-p42/44) were
analyzed using the corresponding antibodies.

B. Ishikawa PRB cells were pre-treated without or with U0126 (5, 10 or 20 uM) during 30 min and then
treated without or with R5020 (10® M) or RU486 (10® M) during 6 h. Whole cell extracts were

immunoblotted as in A.

Figure 4. P42/44 MAPKSs control proteasome-dependent turnover of ligand-bound PRB.

A. MDA-MB-231 cells stably expressing PRB were treated with vehicle or RU486 (10® M) during 24 h
and whole cell extracts were immunoblotted as in Fig. 3.

B. MDA-MB-231-PRB or Ishikawa-PRB cells were pre-treated with DMSO or U0126 (10 uM) during 30
min and then incubated without or with progesterone (P4, 10® M) during 24 h. Whole cell extracts were
immunoblotted as in A.

C. MDA-MB-231 PRB cells were pre-treated with DMSO or U0126 (10 puM) during 30 min and then
incubated with vehicle or R5020 (10® M) or RU486 (10® M) during 24 h. Immunofluorescence analysis
was performed as described in Materials and Methods using anti-PR antibody, and images were obtained
for an identical time exposure.

D. Ishikawa PRB cells were pre-treated without or with MG132 (5 pM) and/or U0126 (10 uM) during 30

min and then treated without or with R5020 (10® M) or RU486 (10°® M) during 6h. Immunoblot analysis
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were performed as in A. Cell lysates from the same RU486-treated cells were also immunoblotted for

either glucocorticoid receptor (GR) detection using anti-GR antibody or tubulin as loading control (inset).

Figure 5. Ligand-induced PRB degradation requires protein neosynthesis.
Ishikawa PRB cells were pre-treated without or with 100 pg/ml cycloheximide (CHX) and/or U0126 (10
1M) during 30 min and then treated without or with R5020 (10 M) or RU486 (10® M) during 24 h.

Immunoblot analyses were performed as in Fig 3A.

Figure 6. Phosphorylated p42/p44 differentially influence PRB transcriptional activity.

A. MDA-MB-231-PRB or Ishikawa PRB cells were transiently transfected with PRE,-luciferase vector
during 24 h, pre-treated with DMSO or U0126 (10 uM) during 30 min and then incubated with vehicle or
progesterone (10® M) or R5020 (10® M) or RU486 (10® M) during 24 h. Luciferase activity was
determined and normalized to total protein concentration. The data (mean = SEM) from six independent
cell cultures are set to 1 for ligand free condition from DMSO or U0126 treated cells and fold induction
by hormone is presented. Statistical significance is shown by stars (*) for ligand-induced transactivation
as compared to vehicle or by crosses (X) when similar ligand condition is compared between DMSO or
U0126 pre-treated cells.

B. MDA-MB-231 PRB cells were incubated with U0126 and hormones as above during 6 h and qRT-
PCR analysis was performed for indicated gene transcripts. The data (mean + SEM) from three
independent cell cultures measured in duplicate are set to 1 for ligand free condition from DMSO or

U0126 treated cells and fold induction by hormone is presented. Statistical significance is shown as in A.

Figure 7. MEKK1-induced PRA stabilization is impaired by p38 inhibition.

A. Ishikawa PRB or PRA cells were transiently transfected with either empty or constitutively active

MEKK1 expression vector ((MEKK1) during 24 h and then treated without or with R5020 (10® M) or
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RU486 (10 M) during 24 h. Whole cell extracts were immunoblotted and phosphorylated-p42/44, -p38
and -JNK MAPKSs levels were detected by specific antibodies (inset).

B. Ishikawa PRA cells were pre-treated with U0126 (10 uM) or PD169316 (10 uM) or SP600125 (10
UM) during 30 min and then transfected with empty or MEKKL1 expression vector during 24 h.
Immunoblot analysis was performed as above and normalized PRA band intensities are presented as fold
increase as compared to PRA levels in control cells (inset). Statistical significance is represented by stars
(*) when comparison is done between control or cMEKK1 condition and by crosses (x) when selective
MAPK inhibition is compared with non-treated MEKK1 transfected cells.

C. Ishikawa PRA cells were co-transfected with control or cMEKK1 vector along with either control or
specific siRNA against both p42 and p44 or p38 MAPK during 24 h as described in Materials and
Methods. Cells were then incubated in 5 % FBS containing medium for another 48 h before performing

immunoblot analysis.

Figure 8. Distinct MAPKSs control PRA/PRB expression ratio.

A. Ishikawa cells stably co-expressing PRA and PRB (Ishikawa PRAB) were transiently transfected with
empty vector or cMEKKL1 during 24 h and pS294-PRB or pS130-PRA levels or total PRB or total PRA
levels were detected by immunoblotting whole cell extracts using phospho-specific or total PR or p42/44
antibodies. Band intensities were quantified and pS130/PRA or pS294/PRB (middle panel) as well as
total PRA and PRB levels (right panel) under basal and cMEKKZ1 conditions are presented.

B. Ishikawa PRAB cells were pre-treated with p42/44 or p38 or JNK inhibitor as in Fig. 7B. Cells were
then transfected with MEKK1 expression vector in the presence of vehicle or R5020 (10 M) or RU486
(10® M) during 24 h. Whole cell extracts were immunoblotted as in Fig.7B. Band densities corresponding
to PRA and PRB were quantified from at least two non-saturating exposures of the same immunoblot
(two film exposures are shown). PRA/PRB expression ratio was calculated for each ligand and inhibitor
condition from three independent cell cultures and presented as mean+SEM. Under a given ligand

condition, the effect of selective MAPK inhibition as compared to non-treated cells is shown by stars (*).
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Statistical significance is shown by crosses (x) when the effect of ligand is compared with vehicle under a

given MAPK inhibition.

Figure 9. MAPK-dependent control of PRA/PRB expression ratio.

Control of PRA and PRB stabilities and PRA/PRB ratio by p38 and p42/44 MAPK activities is

schematically summarized. Specific MAPK inhibitors are indicated (U0=U0126; PD=PD169316).
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