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SUMMARY

Mammary tumors were promoted in male rats of the Wistar WAG strain by continuous and simul-
taneous administration of 17f8-estradiol and progesterone. Tumor induction and growth were dependent
on estradiol and on progesterone. Their histological features were comparable with those of human
breast cancers. Hormone receptors were present in tumor cells. Estradiol receptor was found in 95°%;, of
them, at a higher level in nuclei than in cytosol. Progesterone receptor was present in 75% of tumors. In

all cases, the level of androgen receptor was low.

INTRODUCTION

In 1961, Folca et al. observed that the uptake of tri-
tiated hexestrol by neoplastic mammary tissue was
higher in women who favourably responded to adre-
nalectomy than in others [1]. On the basis of this
observation, estimations of the estradiol receptor (ER)
in human mammary carcinomas was started in
1970-71 by Korenman[2] and Jensen[3]. Several
works were then devoted to the problems raised by
the presence of ER and of progesterone receptor
(PgR) in breast cancers (for review see Refs[4, 5, 6])
and the present time it seems obvious that most of
them are dependent on hormones.

This fact led several laboratories to study the hor-
mone-dependence of experimental mammary tumours
induced in animals by carcinogenic chemicals such as
N-nitrosomethylurea [7] or urethan [8, 9], or dimeth-
vlbenz(a)anthracene [10-18]. Mammary  tumors
induced by these chemical agents did not necessarily
offer the same histological and biological features as
human cancers. Thus, it was of interest to search for a
biological model as close as possible to human mam-
mary tumors.

In 1961, Riviere et al. succeeded in inducing mam-
mary tumors in rats by simultaneous administration
of diethylstilbestrol dipropionate and progesterone
[19, 20]. Identical results could be obtained in golden
hamsters by prolonged administration of the associ-
ation estrogen-progesterone [21,22]. These tumors
were attractive because they were induced by sexual
hormones, and because their histological appearance
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was similar to that of human mammary cancers.
However, at that time the presence of hormonal
receptors in these tumors was not investigated.

The purpose of the present work was to demon-
strate that mammary tumors induced in rats by sim-
ultaneous administration of estradiol and progester-
one, were dependent on hormones.

MATERIALS AND METHODS

Chemicals
[6,7-*H]-Estradiol (SA 60 Ci/mmol) was purchased
from the Radiochemical Centre (Amersham).

[172-methyl->H]-R5020(Promegestone, SA 87 Ci/
mmol), [17a-methyl-*H]-R 1881 (Methyltrienolone, SA
87 Ci/mmol), and the corresponding unlabeled com-
pounds were from New England Nuclear Chemicals.
Diethylstilbestrol and Bacitracin were from Sigma.
Other reagents were of analytical grade.

Animals

90-Day old male rats of the Wistar WAG strain
were used. On day 1 they received one pellet of estra-
diol (20 mg) and one of progesterone (100 mg) grafted
in the dorsal region. They were housed at 22°C. and
received food and water ad libitum. Eleven or twelve
months later they were killed by decapitation and
mammary tumors were dissected, frozen in liquid
nitrogen and kept at —80°C until use (never more
than 1 week). The remaining parts of pellets were re-
moved and weighted.

Experimental procedures

Frozen tumors were first pulverized at liquid nitro-
gen temperature, then homogenized in 5 mM phos-
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phate buffer pH 7.2 containing 320mM sucrose,
1 mM dithiothreitol, 1 mM Mg chloride and 0.3 mM
bacitracine. Homogenates were centrifuged at 800 g
for 10 min and supernatants at 105,000 g for 1 h. All
present and subsequent operations were carried out at
4°C.

The 800 g pellets were washed once with homogen-
izing buffer containing 19, (v/v) Triton X100 then
three times with buffer alone. Washed nuclei were re-
covered by centrifugation at 800¢g. They were sus-
pended in 5 mM phosphate buffer pH 7.4 containing
1mM dithiothreitol and 0.3 mM bacitracine. An
equal volume of 2 M NaCl solution was then added
and nuclei were extracted at 0°C for 1 h. The ionic
strength was then lowered to 0.4 M by addition of
buffer and the medium was centrifuged at 15,000 rev./
min for 15min. Supernatants were considered as
nuclear extracts.

Estradiol-receptor assay

Cytosols and nuclear extracts were used for the
estimation of ER by the technique of hormone-
exchange. Aliquots (0.3 ml) were incubated in the
presence of tritiated estradiol (10-15nM) alone or
with a 100-fold excess of unlabeled DES at 0°C for 2 h.
They were then incubated either at 0°C or at 25°C for
2 additional h. 0.6 ml of DCC suspension (0.5%, acti-
vated charcoal, 0.05%, Dextran, 0.1%, gelatin in phos-
phate buffer) were added, samples were kept at 0°C
for 10 min. and centrifuged at 5,000 rev,/min for
10 min. Radioactivity was counted in supernatants.

Progesterone receptor assay

PgR was estimated in cytosols containing 10%, (v/v)
of glycerol, using tritiated R5020 as ligand. Aliquots
(0.3 ml) were incubated in the presence of increasing
amounts of labeled R 5020 (107 !° M-10~8 M) with or
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without a 500-fold excess of unlabeled ligand. A slight
excess {10-fold) of radioinert 52-DHT was added to
all samples for the saturation of androgen binding
sites [23]. Samples were incubated at 0°C for 4 h, then
bound fraction was isolated by DCC treatment.

Androgen receptor.gssay

Cytosol samples (0.3 ml) were incubated in the pres-
ence of increasing amounts of tritiated R 1881 with or
without a 100-fold-excess of unlabeled ligand. Radioi-
nert triamcinolone acetonide was added to all
samples to avoid binding of R 1881 to PgR [23].
Incubations were carried out at 0°C for 20h and
bound radioactivity was isolated by DCC treatment.

Other procedures

Radioactivity was estimated by liquid scintillation
counting using a Beckman spectrometer (LS 8000).

Proteins were measured by the method of Lowry et
al. using BSA as standard [24].

Numerical data from saturation analysis were plot-
ted according to Scatchard[25].

RESULTS

Mammary tumors

Mammary tumors appeared during the 6™ or 7'
month following the graft of hormonal pellets. Their
growth became faster during the next three months
5o that their diameter was at least 1.5c¢m when rats
were sacrificed. All the animals presented one if not
two or three tumors. They developed generally in the
middle part of the mammary line (levels 4 and 5) and
their macroscopic aspect was either glandular and
vascular or fibrous.
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Figs 1 and 2. Two microscopic aspects of rat mammary carcinoma induced by simultaneous administra-
tion of estradiol and progesterone. H and E; x 250 and x 90.



Rat mammary tumors induced by estradiol and progesterone

At the light microscopic level, two types of tumors
could be described:

(1) Dense and oedematous tumors populated with
abnormal glandular cells. Cells were characterized by
slightly basophilic cytoplasm, nuclei containing one
nucleous and moderate anisokaryosis. In the epithe-
lial bulk, pseudoacini and pseudopapillar formations
were outlined, surrounded with an eosinophilic
matter corresponding to oedema (Fig. 1).

(2) In a few cases, fibrous tumors with intraluminal
proliferation of abnormal cells into galactophoretic
ducts, and large areas of fibrous connective tissue.
Terminal ducts were concerned with these prolifer-
ations, they became gigantic with large fissures and
complicated splits (Fig. 2).

Thus. experimental tumors induced by natural hor-
mones presented histological features similar to
human mammary cancers.

Estradiol and progesterone uptake

At the time of sacrifice. the remaining part of pellets
were removed and weighted in order to have a notion
of the amount of both hormones resorbed during
tumors growth. Resorption was different from one
animal to another but could be evaluated on an aver-
age of 8-9 mg for estradiol and 69 mg for progester-
one per rat and per one year. Thus, it appeared that a
8-fold higher amount of progesterone than of estra-
diol was used during tumor growth so that the mean
E,/Pg ratio during that process was 0.12. Moreover, it
could be observed that the resorption of the pro-
gesterone pellet was much more regular from one rat
to another than that of estradiol.
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Estradiol receptor and progesterone receptor in tumor
cells

Numerical data concerning ER and PgR are shown
in Table 1.

Estradiol receptor Cytosol and nuclear ER were
measured in 20 tumors using the technique of hor-
mone exchange at 25°C. In cytosol, ER was found in
65°%;, of tumors, but three values should be considered
as borderlines according to standards generally estab-
lished for human breast cancers (n < 10 fmol mg pro-
teins). With the exception of two cases (tumors No. 16
and 17), ER levels were relatively low. In nuclei, the
presence of ER was more constant than in cytosol. It
was found in 16 tumors, and only one value was
border line.

Progesterone receptor. PgR was found at relatively
high level in [5 tumors. In one case (tumor No. 20), it
was present in the absence of cytosol and nuclear ER.
Dissociation constants (K ) were similar to those
found for PgR in rat uteri or human breast carcinoma
(0.8-2 nM).

Androgen receptor. The androger: receptor was esti-
mated in a restricted number of tumors. It was found
in all cases, at a level generally low and constant from
one to another tumor (n = 10 fmol/mg proteins).

DISCUSSION AND CONCLUSION

During the past years, several works were devoted
to the study of hormone-dependence of breast cancers
and of accurate markers of their dependence in so far
as post surgical therapy was concerned [4-6, 26]. The
presence of ER in tumor cells was first considered as

Table 1. Estradiol receptor in cytosol and nuclei, and progesterone receptor in cytosol from mammary tumors induced in
rats by estradiol and progesterone administration (results are expressed as fmol of hormone bound per mg of proteins)

Cytosol Nuclei PgR
Total Total Total
Tumor no.  binding sites Unoccupied  Occupied  binding sites Unoccupied  Occupied  binding sites
1 23 13 10 59 23 36 96
2 23 6 17 3 0 3 93
3 6 0 6 25 0 25 56
4 10 10 0 27 18 9 22
S 26 0 26 20 5 15 10
6 7 0 7 13 2 11 3
7 13 0 13 13 7 6 157
8 23 17 6 27 0 27 29
9 19 2 17 35 35 0 291
10 7 7 0 12 12 0 161
11 0 0 0 26 7 19 121
12 0 0 0 57 45 12 ¥l
13 0 0 0 24 0 24 91
14 0 0 0 16 6 10 208
15 0 0 0 14 0 14 99
16 186 0 186 0 0 0 0
17 83 83 0 0 0 0 0
18 0 0 0 37 31 6 0
19 10 4 6 39 9 30 0
20 0 0 0 0 0 0 58
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sign of dependence, then it appeared that the simul-
taneous presence of PgR, considered as eventual
marker of estrogen action, led to more accurate pre-
diction of hormone-dependence [33].

For experiments related to problems of hormone-
dependence, it seemed quite interesting to dispose of
animals with mammary tumors as similar as possible
to human tumors and possibly induced by and depen-
dent on hormones, according to criteria of human
pathology.

Mammary tumors at our disposal seemed attractive
in some respects: (1) They were induced in rats of the
Wistar WAG strain which did not develop spon-
taneous mammary cancers contrary to some other rat
strains or other animal species. (2) Tumors were
induced by simultaneous administration to animals of
estradiol and progesterone by means of hormonal pel-
lets grafted in the dorsal region. Under these con-
ditions mammary tumors appeared in all animals
after 7 months while cellular abnormalities could be
observed under microscope after 3 months. Estradiol
alone was able to induce mammary tumors but the
time allowed for induction was longer and results was
not so patent since some animals did not develop any
tumor. (3) Suppression of hormone pellets resulted in
the gradual regression and disappearance of tumors,
however, growth could be promoted again by estra-
diol administration. (4) Tumor transplantation from
one to another rat was successful when grafted ani-
mals were treated with estradiol. (5) The presence of
viruses in tumor cells was not substantiated by elec-
tron microscopy examination.

Thus it appeared that tumors were dependent on
both estradiol and progesterone for induction. Then,
growth of primitive or of transplanted tumors was
essentially dependent on estradiol, and to a lesser
extent on progesterone which acted as an accelerating
factor.

According to criteria outlined in human mammary
pathology the hormone dependence of 20 experimen-
tal tumors was investigated by estimation of ER and
PgR. Estradiol receptor was found in 19 tumors either
in cytosol and nuclei, or in one or other of these
subcellular components. Whether in cytosol or in nu-
clei a large part (61-62%,) of binding sites were occu-
pied by endogenous hormone. Generally, the level of
ER was higher in nuclei than in cytosol giving evi-
dence of correct translocation and nuclear retention
of ER. When two tumors from the same animal were
examined, ER was found in both tumors but their
levels were somewhat different. This fact correlated
with different stages of histological evolution. Pro-
gesterone receptor was found in 15 tumors. This per-
centage of PgR positive tumors was quite higher than
that usually reported concerning human breast
cancers. In so far as PgR could be considered as
eventual marker of estrogen action it could be con-
cluded that estrogen action was efficient. On the other
hand PgR probably accounted for the disappearance
of ER from cytosols of some tumors since it was dem-

N. HANNOUCHE et al.

onstrated that PgR was able to inhibit either synthesis
or replenishment of ER [27-32].

Contingent-to further investigations it seems that
such mammary tumors induced by and dependent on
sexual hormones could be used for the study of bio-
logical events concerning the role of hormones in
tumorogenesis and neoplastic processes.

REFERENCES

. Folca P. J., Glascock R. F. and Irvine W. T.: Studies
with tritium-labelled hexoestrol in advanced breast
cancer. Lancet ii (1961) 796-798.

2. Korenman S. G. and Dukes B. A.: Specific estrogen
binding by the cytoplasm of human breast carcinoma.
J. clin. Endocr. 30 (1970) 639-645.

3. Jensen E. V,, Block G. E., Smith S., Kiser K. and De
Sombre E. R.: Estrogen receptors and breast cancer
response to adrenalectomy. Natn. Cancer Inst. Monogr.
34 (1971) 55-70.

4. Estrogen Receptors in Human Breast Cancer. (Edited by
W. L. McGuire P. P. Carbone and E. P. Vollmer)
Vol. 1 (1975) pp. 1-277.

5. Conference on hormones and cancer. (Edited by J. E.
Fogarty) Cancer Res. 38 (1978) 3985-4367.

6. Hormones and cancer (Edited by S. Iacobelli, R. J. B.
King, H. R. Lindner and M. Lippman) | Vol. Raven
Press, 14 (1980) pp. 1-551.

7. Gullino P. M., Pettigrew H. M. and Grantham F. H.:
N-Nitrosomethyluzea as mammary gland carcinogen
in rats. J. natn. Cancer Inst. 54 (1975) 401-414.

8. Riviere M-R., Perrier M-T. and Guerin M.: Induction
de tumeurs mammaires et de tumeurs ovariennes chez
le hamster doré traité par I'uréthane. C.R. Acad. Sci.
Paris 258 (1964) 3395-3397.

9. Watson C. S., Medina D. and Clark J. H.: Characteriz-
ation of progesterone receptors, estrogen receptors,
and estrogen (Type II), binding sites in the hormone-
independent variant of the MXT-3590 mouse mam-
mary tumor. Endocrinology 107 (1980) 1432-1437.

10. Asselin J., Kelly P. A, Caron M. G. and Labrie F.:
Control of hormone receptor levels and growth of
7,12-dimethylbenz(a)anthracene-induced mammary
tumors by estrogens, progesterone and prolactine.
Endocrinology 101 (1977) 666-671.

11. Barlow J. W. Minasian L. C. and Funden J. W.:
Potentiation of steroid binding to proteins by
7-12-dimethylbenz(a)anthracene. J. steroid Biochem. 9
(1978) 1027-1032.

12. Nicholson R. J., Davies P. and Griffiths K.: Inter-
actions of androgens with oestradiol-178 receptor pro-
teins in DMBA-induced mammary tumors. Possible
neolytic mechanism. Eur. J. cancer 14 (1978) 439—446.

13. Asselin J. and Labrie F.: Effects of estradiol and pro-
lactin on steroid receptor levels in 7,12-dimethyl-
benz(a)anthracene-induced mammary tumors and
uterus in the rat J. steroid Biochem. 9 (1978) 1079-1082.

14. Naaimi N. Al, Davies P. and Griffiths K.: Purification
of the cytoplasmic oestrogen receptor from mammary
tumors induced in rat with dimethylbenz(a)anthracene.
J. Endocr. 81 (1979) 119-130.

15. Abul-Hoff Y. J.: Binding of catechol estrogens to the
estrogen receptor of dimethylbenz(a)anthracene
induced rat mammary tumors. J. steroid Biochem. 13
(1980) 83-88.

16. Blankenstein M. A., Peters-Mechielsen M. J., Mulder

E. and van der Molen H. J.: Estimation of total estro-

gen receptor in DMBSA-induced rat mammary tumors

by exchange of nuclear bound ligand at low tempera-
ture: a comparison with rat uterus. J. steroid Biochem.

13 (1980) 557-564.

—_



18.

19.

20.

22,

[8S]
(53]

24.

. Riviere M-R., Chouroulinkov 1.

Rat mammary tumors induced by estradiol and progesterone

. Vignon F., Chan P-C. and Rochefort H.: Hormonal

regulation in two rat mammary cancer lines: glucocor-
ticoid and androgen receptors. Mol. Cell, Endocr. 13
(1979) 191-202.

Arafah B. M., Manni A. and Pearson O. H. Effect of
hypophysectomy and hormone replacement on hor-
mone receptor levels and the growth of 7,12-dimethyl-
benz(a)anthracene-induced mammary tumors in the
rat. Endocrinology 107 (1980) 1364-1369.

Riviere M-R., Chouroulinkov I. and Guerin M.:
Apparition de tumeurs mammaires chez le rat male
soumis & un traitement combiné d’oestrogéne et de
progestérone. C.R. Soc. Biol. Paris 155 (1961)
2102-2104. .

Riviere M-R., Chouroulinkov 1. and Guerin M.:
Tumeurs mammaires chez le rat male aprés association
d'oestrogéne et de progestérone. Acta Union Intern.
contra Cancrum 18 (1962) 265-269.

and Guerin M.:
Tumeurs mammaires développées chez le hamster doré
male aprés association de la progestérone et d’un oes-
trogéne. C.R. Soc. Biol. Paris 158 (1964) 2258-2261.
Riviere M-R., Arnold J. and Riviere D.: Les tumeurs
mammaires chez le hamster doré Pathol. Biol. 15 (1967)
313-323.

. Raynaud J. P., Bouton M. M. Moguilewsky M.,

Ojasoo T., Philibert D., Beck G., Labrie F.. Mornon
J. P.: Steroid hormone receptors and pharmacology.
J. steroid. Biochem. 12 (1980) 143-157.

Lowry O. H., Rosebrough N. J., Farr A. L., Randall
R. J.: Protein measurement with the phenol reagent. J.
biol. Chem. 195 (1951) 265-275.

. Scatchard G.: The attraction of proteins for small mol-

ecules and ions. Ann. N.Y. Acad. Sci. 51 (1949) 660-672.

26.

27.

28.

29,

30.

31

419

Mayer M., Saez S. and Stoll B. A.: Hormone depri-
vation in breast cancer. Review on Endocrine-related
cancer. Suppl. Avril (1978) 1-330.

Brenner R. M., Resko J. A. and West N. B.: Cyclic
change in oviductal morphology and residual cytoplas-
mic estradiol binding capacity induced by sequential
estradiol-progesterone treatment of sprayed rhesus-
monkeys. Endocrinology 95 (1974) 1094-1104.

Hsueh A. J., Peck W. E. J. and Clark J. H.: Progester-
one antagonism of the oestrogen receptor and oestro-
gen-induced uterine growth. Nature 254 (1975)
337-339.

West N. B., Verhage H. G. and Brenner R. M.: Sup-
pression of the estradiol receptor system by progester-
one in the oviduct and uterus of the rat. Endocrinology
99 (1976) 1010-1016.

Bhakoo H. S. and Katzenellenbogen B. S.: Progester-
one modulation of estrogen-stimulated uterine biosyn-
thetic events and estrogen receptor levels. Mol. Cell.
Endocr. 8 (1977) 121-134.

Hang E.: Progesterone suppression of estrogen-stimu-
lated prolactin-secretion and estrogen receptor levels
in rat pituitary cells. Endocrinology 104 (1979) 429437,

. McGuire W, L., Horwitz K. B., Chamness G. C. and

Zava D. T.: A physiological role for estrogen and pro-
gesterone in breast cancer. J. steroid. biochem. 7 (1976)
875-882.

. Pichon M. P., Pallud C., Brunet, M. and Milgrom E.:

Valeur prognostique des récepteurs de la progestérone
dans les tumeurs primitives du sein. In Récepteurs Hor-
monaux et Pathologie Mammaire (Edited by H. Ser-
ment et P. M. Martin). pp. 177-184. Medsi Paris.



