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Abstract

We have evaluated the progesterone receptor (PR) binding patterns in progestin-dependent and -independent murine mammary carcino
mas; all variants regress completely after antiprogestin treatment. These studies revealed the presence of a high affinity, low capacity-binding
site Kq: 43+ 9pM; O = 9 4+ 3fmol/mg protein) and of the classical lower affinity, high capacity-binding &ite 9.2 + 4.2nM; Q0 =
376+ 64 fmol/mg protein). These sites could also be detected in uterus. Antiprogestins were able to bind to both sites. In vitro, medrox-
yprogesterone acetate (MPA) was stimulatory along a biphasic curve with two slopes, one at very low concentrajiohSEQC. 7 fM)
and the other at values compatible with the describgtbr the PR (EGo: 0.33+ 0.3 nM).
© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction these effects with the description of a new high affinity pro-
gesterone binding site. Experiments are being carried out to

In preliminary experiments in mouse mammary carcino- further reveal the nature of these binding sites.

mas induced by medroxyprogesterone acetate (MPA), we

had observed that the in vitro response to MPA was char-

acterized by a biphasic stimulatory curve with increases in 2. Materials and methods

cell proliferation at low concentrations. With this in mind,

we decided to reanalyze a group of progestin-dependent anc2.1. Animals

-independent tumors induced by MPA, and maintained by

syngeneic passages in BALB/c mife-3]. All tumors ex- Two-month-old BALB/c female virgin mice were used
press both estrogen (ER) and progesterone receptors (PRYthroughout. The animals were fed ad libitum and kept in
The antiprogestins mifepristone and onaprist@jecan in- air-conditioned rooms at 2@ 2°C with a 12 h light—dark

duce complete regression in most progestin-dependent angperiod. Animal care and manipulation was in agreement with
-independent tumors, suggesting that PR are involved in institutional guidelines and the Guide for the Care and Use
progestin-independent tumor grows]. This presumption  of Laboratory Animalg6].
was also supported by experiments in which PR antisense
oligonucleotides also inhibited cell growfh]. 2.2, Tumors
By Scatchard analysis, we identified a previously unre-
ported new high affinity progestin binding site in mouse  MPA-induced mammary ductal carcinomas maintained
progestin-dependent and -independent tumor tissue, as welpy in vivo syngeneic transplantation were used in all the
as in uteri. In this paper, we provide experimental evidence experiments[7,8]. These included a progestin-dependent
for proliferative effects of progestins at concentrations far (c4-HD) and three progestin-independent tumors (C7-2-HI,
below the classicakq for steroid receptors, and correlate  cc4-HI, and 59-2-HI). Fragments of each tumor were
transplanted subcutaneously to 2-month-old virgin BALB/c
"+ Corresponding author. Tel+54-11-4783-2869; female m_ice. The progestin-dependent tumor was trans-
fax: +54-11-4786-2564. planted simultaneously with MPA (20 mg depot sc) in the
E-mail addressclanari@dna.uba.ar (C. Lanari). contralateral flank, and some animals were left untreated
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as a progestin-dependent growth control. Groups of three
animals were used in the in vivo experiments and the tu-
mor growth was monitored every 2 days and tumor size
measured (lengtlk width) with a vernier caliper.

2.3. Reagents

MPA depot (Medrosterona) was a gift from Gador
Laboratories, Buenos Aires. Trypsin, albumin, colla-
genase type Il were purchased from Gibco BRL, NY.
[3H]-R5020, PH]-thymidine and R5020 were purchased
from NEN, Boston, MA. Dithiothreitol, EDTA, MPA,
17-B-estradiol (B) and culture media Dulbecco’s modi-
fied Eagle’s medium: Ham’s F12 (DMEM/F12, 1:1, with-
out phenol red) were purchased from Sigma, St. Louis,
MO. Activated charcoal was obtained from Mallinckrodt
Chemical Works, NY. Fetal calf serum (FCS) was pur-
chased from Life Technologies Inc. or Gen S.A., Buenos
Aires.

2.4. Primary cultures

Epithelial and fibroblastic cells were separated by a modi-
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fication of the sedimentation technique previously described _

[9]. The isolated epithelial cells were plated in culture flasks
with DMEM/F12 + 5% steroid stripped FCS (ssFCS) and
allowed to attach for 24-48h. At confluence, the cultures

were trypsinized and the cell suspensions were used for

[3H]-thymidine uptake assays.
2.5. [*H]-Thymidine uptake assay

About 1¢ cells were seeded per well in a 96-well mi-
croplate with DMEM/F12-5% ssFCS and allowed to attach
for 24 h. The cells were then incubated for 48 h with the ex-
perimental solutions, diluted in DMEM/F122.5% ssFCS.
After 24 h incubation, half of the solution was replaced by
fresh one and 0.4Ci of [3H]-thymidine was added. The

next day, the cells were trypsinized, harvested and the filters

were counted in #-counter. The assays were performed in

octuplicates. Mean and standard deviation were calculated
for each solution tested, and the results expressed as prolif-

eration index (experimental cpm/control cpm).

2.6. Statistical studies

ANOVA followed by Tukey t-test was used to analyze
the differences between control and experimental groups in
[3H]-thymidine uptake assays.

2.7. Tissues and tumors used for PR binding

Uteri from adult mice were treated withpELOp.g/kg in
daily sc injections for 2 days (uterdsEp). The tumors were
excised when they reached approximately 50—106 mna
were immediately frozen in liquid nitrogen.

Fig. 1. Representative growth curve of progestin-dependent and -inde-
pendent tumors. Tumors were inoculated in the right inguinal flank si-
multaneously with MPA depot (20 mg/kg) in the contralateral flall (

or left untreated [(J).
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Fig. 2. MPA effect on {H]-thymidine uptake in primary cultures from
progestin-dependent and -independent tumors.KA3 0.001 from MPA
10-14M; (B) MPA 10719 P < 0.05; MPA 102 and 108 M: P < 0.001.

A representative experiment of other three is show]-{thymidine index
represents the ratio between cpm of experimental group and control group.
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2.8. Preparation of total cellular extracts 2.10. Saturation experiments

Tissues and tumors were homogenized in a polytron at  Total cellular extracts were incubated witPH]-R5020
setting 50 with three bursts of 5-s in a 1:4 proportion tis- in concentrations ranging from 3pM to 30nM in the
sue:buffer TEDG. The buffer was 20 mM Tris—HCI pH 7.4, presence and absence of.8 of unlabeled R5020. To
1.5mM EDTA, 0.25mM dithiothreitol, 20 mM N&0O4, block unspecific binding to serum proteins, glucocorti-
10% glycerol. The homogenate was centrifuged for 30 min coid and androgen receptor, 100-fold excess cortisol and
at 12,000 rpm, 4C. Protein concentration was determined 5a-dihydrotestosterone was added to the reaction, which
according to Lowry[10]. proceeded for 18 h at“4. At the end of the incubation,
bound and unbound hormones were separated by charcoal
adsorption.

The effective concentration 50 (g}, dissociation con-

PR were labeled by incubating duplicate aliquots of the stant Kq) and total number of receptor site@)(were calcu-
extracts with 3nM$H]-R5020 and displaced with unlabeled lated using GraphP&dsoftware (GraphPad Software Inc.,
R5020, MPA, mifepristone or onapristone in concentrations San Diego, CA).
ranging from 0.5 pM to 2Q.M. The reaction proceeded for
18 h at O°C. To block undesired binding to serum proteins, a
100-fold excess of unlabeled cortisol was used. To separate3- Results
free from bound hormones, charcoal-dextran solution was
added (buffer TEDG, 1% activated charcoal, 0.1% dextran) 3.1. Tumor growth
and after 10 min, the samples were centrifuged at 3500 rpm,

10 min, at #C. The supernatant was counted if-aounter. C4-HD started to grow in MPA-treated animals 10 days
The results were plotted as % bound (bound cpm in eachafter inoculation; only after more than a month was visi-
point/total cpm bound) versus log concentration (log nM) ble growth evident in non-treated animals. For progestin-
and the EGy calculated. independent lines, there were no significant growth

2.9. Displacement experiments

100+ Uterus 100 . Progestin-dependent
tumor
< 80 o 80
s s
O 60 4
g g
O\o 40_ °\° 40_
20‘ 20_ L[]
0 T T T T T T T T T 0 T T T T T T T T T
-14 -13 -12 .11 10 -9 -8 -7 -6 -5 -14 13 12 11 -10 9 -8 -7 -6 -5
(A) R5020 (log M) (B) R5020 (log M)
120 120
. Progestin-independent Progestin-independent
100+ 100+ tumor
2 80 2 80
3 2
o 604 o 60+
S ES
40+ 404 o NgTT
-—-—— MPA
20+ 20+ Mifepristone
---€>--— Onapristone
0 T T T T T T T T T 0 o:- T T T T T T T
-14 -13 12 -11 -10 -9 -8 -7 -6 -5 -14 -13 -12 11 10 -9 -8 -7 -6 -5
(C) R5020 (log M) (D) R5020 (log M)

Fig. 3. Displacement experiments. Cell extracts were incubated with 3##+£5020 and the hormone displaced with increasing concentrations of
unlabeled R5020 (A-C), MPA, mifepristone or onapristone (D). After 18 h of incubation unbound hormone was removed with activated charcoal. The
data was fitted to a two site binding model andsg@alues were calculated using GraphPabftware.
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differences between treated and untreated animals. Rep-3.2. Binding analysis: displacement studies and
resentative growth curves of a progestin-dependent (C4-scatchard plots
HD) and a progestin-independent line are shown in
Fig. 1 Tissue extracts were incubated with 3 nNH]-R5020

In in vitro studies the effect of MPA on thymidine up- and with increasing concentrations of unlabeled R5020
take was studied in progestin-dependent cultures (C4-HD). (Fig. 3A—C). Two binding sites were observed in dis-
MPA was stimulatory along a biphasic curféd. 2A). Two placement analysis. An Eg of 24 + 0.5pM (n = 8)
slopes were observed, one at very low concentrations{EC was calculated for the high affinity site and an fg@f
15+ 0.7fM) and the other one at higher concentrations 30.4 4+ 28.3nM (» = 8) for the low affinity site. Two
(ECso: 0.33 + 0.3nM). In progestin-independent tumors, antiprogestins, mifepristone and onapristone, and MPA
MPA induced a subtle stimulation already evident at 0.1 nM similarly displaced $H]-R5020 from both binding sites in
(P < 0.05) (Fig. 2B). progestin-independent tumorBig. 3D) with ECso values
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Fig. 4. Saturation experiments and Scatchard analysis (ordinates: bound/free; abscissa: fmol). Cell extracts from normal uteri, a progkstiradepe
-independent tumor were incubated witt]-R5020 in concentrations ranging from 5pM to 30 nM. Left panels: Representative experiments including all
points of the curves. Dotted line squares encompassing the lower left vertex of the left panels, correspoRBiR&5020 low range of concentrations,
represent the area further analyzed in the right panels. Right panels: in this scale the high affinity site is observed.
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of 48+ 1.3pM and 914 £+ 9.7nM for MPA (n = 2);
3.1+ 098pM and 6@4 + 158nM for mifepristone
(n = 4) and 4+ 6.1 pM and 941 + 4.7 nM for onapris-
tone @ = 2). Similar results were observed for uteri and
progestin-dependent tumors (not shown).

To determineKy values, we performed conventional
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that the effect regulated by the lower affinity binding site
has already been triggered in these tumors. These two sites
were also observed in normal uteri. Although the presence
of two PR binding sites of 25 and 1 nM has been described
in chick oviduct[16], to our knowledge, the high affinity
and low capacity-binding sites reported herein, have not

saturation assays increasing the number of points within yet been described. Further studies are required to elucidate
the same range of concentrations used in displacementheir nature.

studies. Only the low affinity sites were detected in the
whole analysis Kig. 4, left panels). The value obtained

for uterus, progestin-dependent and -independent tumorsAcknowledgements

was Kg = 9.2+ 4.2nM, Q = 376+ 64fmol/mg of pro-
tein » = 13, pooled values). We then analyzed only the
data obtained within the low range ofH]-R5020 con-
centrations (0-50pM), which fit in a saturation curve.
Kq and Q for these high affinity, low capacity sites were
43+ 9pM, and 9+ 3fmol/mg of protein ¢ = 6), respec-
tively (Fig. 4, right panel). The values were similar for

This work was supported by grants from SECYT: BID
1201/0C-AR, PICT 99 05-06389 and Fundacién Sales. We
are grateful to Gador Laboratories for kindly providing MPA
and to Schering Argentina for providing onapristone. We are
also grateful to Dr. I. Luthy and Dr. J.C. Calvo for orientation
with the binding data, to Miss G. Aznarez and J. Bolado for

uterus, progestin-dependent and -independent tumors. Inexcellent technical assistance in animal care and to Dr C.D.

terestingly,Q values for the low capacity site were always
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4. Discussion

In this study, we have characterized PR binding sites in
murine mammary carcinomas with different hormone re-

sponse. Binding assays revealed the presence of two binding

sites, a high affinity and low capacity sit€{ 43+9 pM) not

reported previously, and the classical lower affinity/high ca-

pacity site[5]. Both sites were also detected in uterine tissue.
It has long been known that some actions of steroid

hormones proceed through mechanisms unrelated to their
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