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SUMMARY 

Cytosol progesterone receptors (P-R) were measured in breast fibroadenomas from 88 women, and 
their levels were compared to the tumor epithelial cell density and estradiol receptor levels (E-R). 
Three groups of fibroadenoma were distinguished: type I with a high epithelial cell density (n = 18), 
type III (n = 46) with low epithelial cell density and extensive fibrosis, and type II with cell density 
intermediate between the two other groups (n = 24). Whereas E-R levels correlated well with ceflular 
density, P-R leveis were elevated in group I and absent in group III. but in contrast to E-R, the 
low P-R levels observed in group II could not be only explained by cellular density. Since P-R is 
an estrogen-dependent protein and an hormonal marker, its decrease in type II fibroadenoma might 
be interpreted as reflecting a rapid decrease in hormone dependence. 

An imbalance in the ovarian estradiol (E,) and pro- 
gesterone (P) secretion is generally observed in 
women with benign breast disease [I]. The mammary 
gland is a target organ for estradiol and progesterone; 
and an inadequate secretion of the corpus luteum re- 
tIected by low plasma P levels and normal or high 
plasma E2 levels seems to be the main factor respon- 
sible for the development of benign breast dis- 
easesC2-41. This hormone-dependence is also sug- 
gested by the presence of a relatively high concen- 
tration of estradiol receptor (E-R) in fibroadenomas 
with high epithelial cellularity [S] and from the effec- 
tiveness of substitutive progestin treatment in breast 
fibroadenomas 161. 

Since the progesterone receptor (P-R) synthesis is 
estrogen dependent [7-91, the observation of P-R in 
malignant breast tumors is now considered as the 
best index of the hormone-de~ndence of these 
tumors[lOJ. Until now, there have been few studies 
on P-R in benign breast diseases [ 11 J. In the present 
study, we have looked for P-R in breast fibroa- 
denomas and determined appropriated assay condi- 
tions. In addition P-R levels have been compared 
with the epithelial cellular density and E-R levels of 
the tumor. 

SUBJECTS AND METHODS 

Fibroadenomas from 88 women 18-55 yr old were 
studied with parallel pathological and biochemical in- 
vestigations. 

E, = estradiol. E-R = cytosol estradiol receptor. P = 
progesterone. P-R = cytosol progesterone receptor. R 2858 
= Moexestrol = Ii p-methoxy-17a-ethinyl-1,3,5(10)-esta- 
triene-3,17/I-dial. R 5020 = 17,21-dimethyl-19-nor-4.9. 
pregnadiene-3,20_dione. 
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The fibroadenomas were obtained surgically at 
mid-follicular phase (6th to 10th day of the cycle) and 
were analyzed as follows: after separation from non 
tumor tissue, the tumor was cut into two parts. One 
part was used for pathological studies, the other was 
frozen in liquid nitrogen until processed for biochemi- 
cal investigations. 

PATHOLOGICAL INVESTlCATIONS 

The cellular density of the tumor was assessed by 
determining the relative proportion of epithelial and 
stromal cells. Three degrees of cellular density were 
distinguished: in type I, proliferation of acinar epi- 
thelial cells was predominant, and fibrosis was practi- 
cally absent; in type III, the fibrosis was so important 
that the original lobular proliferation could scarcely 
be recognized as fibroadenoma. In type II, micro- 
scopic features were intermediate between type I and 
type III. 

BIOCHEMICAL STUDY 

Chemicals [l, 2, 6, 7-3H]-Progesterone (9OCi/ 
mmol, N.E.N. Corp.) and the synthetic progestin [6, 
7-3H]-R 5020 (51,4Ci/~ol, Roussel Uclaf) were 
used after purification. Unlabeled steroids: progester- 
one, R 5020, dexamethasone (DXM) were obtained 
from Roussel-Uclaf. Tris-HCl-EDTA buffer was 
routinely used (G.T.E.M. buffer = 0.01 M Tris- 
HCl-1 mM EDTA-12 mM monothioglyceroi-gly- 
cerol lo%, pH 8.0). Acid-washed activated charcoal 
was obtained from Sigma and Dextran T 70 was sup 
plied by Pharmacia. The dextran coated charcoal 
(DCC) suspension (0.5% activated charcoal with 
0.05% Dextran 70) was stored at 0°C with constant 
shaking. 
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Because of the relativ-e instability of P-R even in 
liquid nitrogen. the adenoma tissues were processed 
for biochemical investigation within less than one 

week after surgery. All processing was performed at 
O- 4’C. The frozen tissue was crushed with a Thermo- 

vat tissue pulverizer, and then homogenized with a 
Polytron PT 10 in cold G.T.E.M. Buffer in a 
5: t wt/vol ratio. This buffer was used for both homo- 

genization and binding assay and it was preferred to 
the phosphate buffer usually used for P-R assay 
because of the concurrent E-R assay. Indeed, 
G.T.E.M. buffer appears to be the best compromise 
for multiple steroid receptor analysis [ 121. The homo- 

genate was centrifuged in a 50Ti rotor of a Beckman 
L,65 B centrifuge at 105,OOOg for I h. The superna- 
tant (cytosol) had a protein concentration range of 
3-X mg per ml as dctermincd by the method of Lowry 

Yt a!.[ 137. 

Cptosol rstradiol hinding ussay 

E-R levels were measured by sucrose gradient 
analysis and dextran-coated charcoal exchange assay 

suitable for assaying total estradiol receptor binding 
sites, as previously described [S]. 

Cytosol progesterone binding assay 

High affinity binding of progesterone was also 

determined by sucrose gradient analysis and dextran- 

coated charcoal assay: 
Sucrose yradiem analysis. Originally, linear 5-207: 

sucrose density gradient (3.6 ml) prepared in TEM- 
Buffer (G.T.E.M. without glycerol) were centrifuged 
at 320,OOOg for 16 h at O-4°C in a SW-60 Ti rotor 
(Beckman L265 B ultra-centrifuge). However it was 
shown that the same information could be obtained 
within 90 min with the vertical tube centrifugation. 

Since the 8 S progesterone binding protein is highly 
unstable, the vertical tube centrifugation was there- 
after routinely used, The linear density gradient has 
been modified to 8.5-ZOO/, and the volume amplified 

to 4.5 ml. Gradients were prepared and equilibrated 
at @4”C for 2-5 h before use. 200 ~1 of cytosol were 
incubated with a 50~1 aliquot of buffer containing 
10 PM t3H]-P or [3H]-R 5020 (final concentration 
2nM) agitated and incubated at O’C overnight. 
Parallel samples were preincubated for 15 min with 
a 100 fold excess of unlabeled P or R 5020. Suspen- 
sions of dextmn-coated charcoal (DCC, 500~1) were 
centrifuged for 10 min at 2,000 g to sediment the DCC 

pellet. The incubated cytosols were then transferred 
into the pellets, shaken for 10 tin at O‘C and centri- 
fuged for 10 min at 2,000 g; 200 ~1 aliquots of the 
resulting supernatants were layered on the sucrose 
gradients. Centrifugation at 291,OOOg for 90min was 
performed in a VTi-65 rotor (Beckman L2-65 centri- 
fuge). The slow acceleration accessory is adapted to 
this machine and this rotor (start adjust: 5 and ramp 
adjust 4.1). 

DCC evdrarlqa u,ss~~.Y. Cytosol prepared as de- 
scribed above was diluted in G.T.E.M. bufYer to ap- 
proximately 2 mg protein/ml. Aliquots of 100 PI were 
incubated with eight different concentrations rangmg 

from 0.1 to 1.10M9 M (final concentration) [“HI-P or 

r3H]-R 5020 added in a volume of 100~1 buffer and 
27; ethanol. Parallel cytosol samplrs were incubated 
with a 100..fold excess of unlabeled R 5020. Incuba- 

tions were carried out at OYY overnight to allow the 
exchange of endogenously bound hormone with 
[‘HI-hormone and the determination of total P-R 
binding sites. At the end of the incubation period, 

500 ~1 of the DCC suspension were added and bound 
radioactivity was counted in 5OOjrl aliquots of the 
supernatants. The data were analyzed according to 
the method of Scatchard after subtraction of non 
specific binding calculated from the preparations in- 

cubated with a 100 fold excess of non radio-active 

hormone. 
Under optimal conditions i.e. with sufficient 

adenoma tissue, gradient determination and Scat- 

chard assay were performed, but when surgical 

samples were too small to yield more than I ml of 
cytosol. assay was limited to sucrose gradient and the 
saturation assay with only four different incubations 
(0.1 0.5 and 1.0nM [3H]-R 5020, and 1 nM C3H]-R 
5020 with IOOnM unlabeled R 5020. 

RESULTS 

Three groups of fibroadenomas were detined 
according to their epithelial cellularity. In group I 

(n = 18) epithelial cellular density was high. In group 
III (n = 461 fibroadenomas exhibited extensive 
fibrosis and very low epithelial cellular density. The 
24 other fibroadenomas (group II) had an inter- 
mediate cellular density. 

(fk18) (r&4) (k46) 

CELLULARITY TYPES 

Fig. 1. Cytosol E-R and P-R levels in 3 groups of fibroa- 
denomas according to their epithelial cell density: high in 
group I (n = 18). medium in group II (n = 24), low in 

group 111 (n = 46). 
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Estradiol receptors in fibroadenomas (Fig. 1) 

In this series, the highest E-R levels were found 
in fibroadenomas with the highest cellular density. In 
group I, the mean E-R level was 41.2 + 24.3fmol/mg 
protein. It was 18.7 + 11.4fmol/mg protein in group 
II and lower than 5 fmol/mg protein in group III. 

Progesterone receptors in jibroadenomas (Fig. 1) 

The concentration of binding sites, P-R levels were 
constantly elevated when the cellular density was 
high: 76.9 f 54.2 fmoles/mg protein in the 18 fibroa- 
denomas of group I. They were low in the two other 
groups: 6.0 k 3.7 and < 5 fmol/mg protein (sensitivity 
limit of the assay) in groups II and III respectively. 

DISCUSSION 

The presence of P-R has been exceptionally 
reported in breast fibroadenomas[14]. This is prob- 
ably due to the fact that very careful conditions are 
required for studying this receptor. The first condition 
is the time of surgery: there is indeed a great variabil- 
ity in P-R synthesis throughout the menstrual cycle 
[ 151. In order to obtain an optimal level of P-R, 
tumor may be removed in the mid follicular phase 
when estradiol production is elevated and progester- 
one not yet secreted [16]. In addition, at this period 
of the menstrual cycle, there is no translocation of 
progesterone cytoplasmic receptor into the nu- 
cleus [9, 15, 17, 181. 

On a technical point of view, the routinely use of 
C3H]-R 5020 gives better results than those obtained 
with C3H]-P. R 5020, indeed, does not bind CBG, 
and binds P-R with high affinity and better stability 
than progesterone itself. However R 5020 is known 
to bind glucucorticoid receptor. Also, in order to 
eliminate the interference of this receptor in this 
assay, incubations were performed with a 250 fold 
excess of dexamethasone. In these conditions no dis- 
placement of C3H]-R 5020 binding was observed. 

On a pathological point of view, it seems likely 
that P-R levels essentially depend on cellular density 
of the tumor. These levels are particularly elevated 
in fibroadenomas with high cellular density (group 
I) whereas they are low or absent in fibroadenomas 
exhibiting medium or low cellular density (group II 
and III). This observation differs from what is 
observed with E-R levels in the same fibroadenomas. 
E-R levels, indeed, are perfectly correlated to the 
epithelial density of the tumor and might reflect its 
“growing capacity”[5]. As shown in Fig. 2, there is 
no parallelism between P-R and E-R levels. When 
P-R levels are plotted as a function of E-R levels, 
three different areas can be distinguished that closely 
correspond to the three cellular types of tumor: (i) 
fibroadenomas with elevated levels of both E-R and 
P-R correspond to type I cellularity; (ii) fibroa- 
denomas with medium E-R levels and low P-R levels 
correspond to cellularity type II; (iii) fibroadenomas 
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Fig. 2. Correlation between cytosol P-R and E-R levels 
in the 3 groups of fibroadenomas (A type I with high epi- 
thelial cellular density, 0 type II with mid-epithelial cellu- 
lar density, l type III with low epithelial cellular density). 

with both E-R and P-R levels under 5 fmoles/mg pro- 
tein correspond to type III cellularity (P < 0.1). 

The observation in 24 fibroadenomas of group II 
of a persistent estrogen dependence without the pres 
ence of progesterone receptors is interesting to con- 
sider, since P-R is an index of estrogen sensitivity 
of target cells and reflects their differentiated and 
functional state. It appears likely that in breast fibroa- 
denomas, the hormone dependence is rapidly decreas- 
ing, indicating a loss of cellular differentiation. Such 
a “dedifferentiation” might explain the rapid insensiti- 
vity of fibroadenomas to progesterone both secreted 
by corpus luteum or administered as exogenous treat- 
ment [6]. 
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