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The effect of hormones on mammary tumours induced experimentally in animals are re
vised. It is stated that the effect on tumoural induction and/or growth may depend on their
concentration and on the moment, in relation to animal exposure to the carcinogen, in which
they are administered. The presently known action mechanisms are also indicated, bringing
out the importance of the increased level of differentiation which high estrogen doses induce,
as well as some effects of progesterone and pregnancy in the protection against experimental
cancer and its promoters. The efficacy of therapeutic ablative operations —ovariectomy, hy-
pophysectomy and adrenalectomy— and additive ones —antihormones— in tumor regression,
is shown. Finally the molecular bases of hormonedependence of experimental mammary tu
mours is established, while trying to provide an integrated concept between: hormones, re
ceptor, growth factors, oncogens and experimental carcinogenesis.
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Effect of hormones on experimental
mammary tumours. — Hormone depen
dence of carcinogenic processes depends
on the stage on which they act. Some hor
mones may have a cocarcinogenic role at
initiation; at that point gland differentia
tion state constitutes the basic factor rath
er than the variations in the basal hor
monal levels, as it had previously been
considered (6). After transformation has
been initiated, some hormones exert a
clear promoting effect on the tumours that
possess cells with specific and functional
receptors (hormone-dependent tumours).

The role played by various hormones
on experimental mammary tumours has 

previously been discussed (10). The most
widely accepted concepts are briefly treat
ed here.

Ovarian hormones and ovariectomy. —
Numerous studies have been carried out
on experimental models of mammary can
cer to determine the effects of ovarian
hormones and/or ovariectomy, with the
following conclusions: 1) suppression of
the ovarian hormones makes most of the
experimental mammary tumours regress.
After ovariectomy a series of histological
and biochemical changes in the tumours
occur, so that towards the seventh day the
enzymatic pattern of the epithelial tumour 
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cells mimics that of the normal mammary
gland. 2) Strong estrogens stimulate tu-
moural mammary cell growth and pro
voke reappearance of tumours previously
diminished by ovariectomy. Contrari
wise, high estrogen doses induce an effect
alike that of ovariectomy. Research shows
that such doses provoke tumoural cell dif
ferentiation, so that the cellular metabolic
potential derives towards terminal prod
ucts, such as milk proteins and fatty acids
of medium and short chains, which are
useless for tumoural growth. Therefore,
experimental tumours seem to respond to
the excess of estrogens in the same way as
the normal mammary gland during preg
nancy and lactation, when it is less sen
sitive to neoplasic transformation by car
cinogens. On the other hand, this inhib
itory effect might also be produced
through the interference that they exert on
the peripheric action of prolactin and in
sulin or by altering the regulation of its
own receptor. 3) In normal conditions,
progesterone has an inhibitory effect on
experimental mammary tumours. When it
is administered early, it protects against
carcinogenic action or its promotion by
estrogens. This effect seems to be due also
to the differentiation increase which pro
vokes in the mammary gland. Once the
tumour has been established, progester
one induces tumoural inhibition, proba
bly due to its antiestrogenic properties, to
be described later. In contrast to recently
stated inhibitory properties, other papers
attribute a stimulating role to progester
one, especially when it is found in high
doses.

Pregnancy. — In principle pregnancy
exerts a different role depending on
whether it precedes or follows the carcin
ogen administration. In the first case it
acts, through the differentiation which it
induces, protecting the mammary gland
against the carcinogen. On the contrary,
if it is produced after carcinogenic induc
tion, the tumoural process becomes stim

ulated. The exogenous administration of
the chorionic gonadotrophic hormone
also exerts a protecting effect which has
been attributed to its capacity to inhibit
the carcinogen binding to DNA and,
again, to the differentiation induced by
this hormone. These effects are not ob
served when the experiments are carried
out with placental lactogen.

Hypophysectomy and adrenalectomy.
— The effects of hypophysectomy or ad
renalectomy on experimental mammary
cancer have been seldom studied separate
ly. Their conclusions determine the effi
ciency of both methods, especially of the
former, to produce tumour regression.

Prolactin. — The stimulating factors of
hypohyseal prolactin release are numer
ous, among them estrogens. In turn, pro
lactin stimulates gland and mammary
tumour growth and estrogen receptor
(ER) synthesis in those systems. The ad
ministration of high estrogen doses, nev
ertheless, exerts a concomitant inhibitory
effect on the tumour and on prolactin
binding to its receptor in the cellular
membrane. On the other hand prolactin
stimulating action on the ER is negatively
regulated by progesterone.

Prolactin nas constituted the main
biochemical difference existing between
human mammary tumours and the exper
imental ones. Whereas experimental tu
mours are highly prolactin-dependent,
human tumours seen to be rather estrogen
dependent. However, there is no general
agreement on this subject and, besides,
new determination methods of bioactive,
instead of immunoreactive prolactin, as
well as the evaluation of the fact that this
hormone may act a long time before the
clinical tumour appearance (5) being sig
nificantly diminished from the effect of
early pregnancies (19), are factors that pla
ce this subject under revision at present.

Insulin. — Insulin and glucose, sepa
rately or mainly combined, stimulate 

Rev. esp. Fisio!., 46 (1), 1990



IIORMONE-DEPENDENCE OF MAMMARY TUMOURS 91

mammary tumoural growth. Glucose ca
pacity to provoke insulin rate increases
and that of the hormone to stimulate ER
seems to be involved in regulating that
stimulation. High concentrations of estro
gens also inhibit insulin binding to its
membrane receptor. In agreement with
these results some authors have obtained
mammary tumoural regression by induc
ing diabetes in animals. In diabetic rats
non-regressing tumours show also their
incapacity to respond to insulin in culture.

Androgens. — Androgens have experi
mentally been shown to participate in the
growth of the normal mammary gland and
to be able to be aromatized into estrogens.

High doses, when they are administered
before exposure to the carcinogen, delay,
but not hinder, mammary cancer forma
tion in animals. Once a tumour has been
established, they exert an estrogenic an
tagonism at two possible levels: inhibiting
secretion of hypophyseal gonadotrophins
and competing peripherally for ER.

Antihormones. — The hormone-depen
dent character of the experimental mam
mary tumours becomes also evident from
the responses obtained with hormonal an
tagonists. Antiestrogens, prolactin inhib
itors, androgenic derivatives (9), etc. have
shown some degree of effectiveness in
tumour growth reduction.

Molecular basis of Hormone-depen-
dence. — The hormone-dependence con
firmation of experimental tumours was
produced when its molecular basis were
established. First of all certain organs,
called «target», were shown to capture ra
dioactive estrogens. Subsequently, an at
tempt was made to observe its cellular dis
tribution through autoradiographic meth
ods, which became the object of dispute.
Finally, analytical techniques were
introduced to qualify and quantify the re
ceptors (see revision in 10). Practically all
the experimental tumours of the models 

commonly used have estrogen and pro
gesterone (PR) receptors, and their con
tent in fmols./mg. protein is variable just
as in human tumours. Mean values osci
llate, according to our results, from 30 to
93 for ER and from 286 to 395 for PR in
function of the method used and the ex
perimental design (9). A study of the re
ceptor content as contrasted with the re
sponse to the hormones has shown that
there exists a correspondence between
both. Hormone-dependent tumours
usually have many more receptors than
hormone-independent ones, which in
most cases lack them (16, 7). Nevertheless
hormone-dependent and hormone-sensi
tive tumours have a similar content in
both receptors, indicating that receptor
determination is not sensitive enough to
distinguish functional hormone-depen
dence (21). Another aspect that differen
tiates hormone-dependent tumours from
the hormone-independent ones is the
greater rate of phosphorylation of the
mammary cell histones, which the former
undergo. These changes are important be
cause they modify chromatin structure
and affect gene expression, replication and
segregation, during cell division. Histone
phosphorylation in tumours and in the
mammary gland is produced in serine and
threonine residues. Tyrosine residues are
not affected (21).

The regulation of these receptors in ex
perimental mammary tumours is quite
well known at present. 17,|3-estradiol
stimulates the synthesis of its receptor and
that of PR. ER is likewise stimulated by
insulin and prolactin. Contrariwise pro
gesterone has an antiestrogenic effect
which is exerted through the inhibition of
both receptors and prolactin peripheral
action. This antiestrogenic character is
reinforced by its stimulation of 17,^-de
hydrogenase which transforms 17,[3-estra-
diol into another weaker estrogen (see re
vision in 10).

In close relationship to the described
system, are to be found the growth fac
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tors. In contrast to the precedent case, the
growth factors have basically been studied
in cultured cell lines. Certain evidences
suggest that estrogens do not regulate cel
lular proliferation in a direct way. In this
sense, these hormones seem to increase
the factors of the transforming a group
and the insulin-like growth factor (IGF-I)
which stimulates tumoural growth, and
inhibits the transforming factor [3, which
slows that growth (8, 18). On the other
hand, antiestrogens behave at a molecular
level in ways contrary to the estrogens and
they might possibly act at the times in
dependently of the ER system (4). Other
interrelations have also been described:
insulin inhibition by TGF |3 or the acti
vation by the epidermal growth factor
(EGF) of a kinase protein which phos
phorylates the progesterone receptor (12).
EGF is an important growth factor which
seems to play an important role in te ini
tiation and progression of mammary can
cer. It has been observed experimentally
that the removal of the submandibular
gland —sialoadenectomy— in a strain of
mice, especially susceptible of develop-
ping mammary tumours, reduces the in
cidence and tumoural growth rate. On the
other hand, when EGF is administered to
the sialoadenectomized animals a normal
condition is restored to the entire animal
(17).

Steroid, oncogens and chemical carcin
ogenesis. — Certain similarities exist be
tween the steroid action mechanism and
that of certain chemical carcinogens.
Thus, the polycyclical aromatic hydrocar
bons (PAH) in mouse skin cells have been
described to bind specifically and cova
lently to proteins of the soluble fraction in
direct proportion to its carcinogenic activ
ity. Other receptor proteins have also
been cited in skin, liver and the trans
formed cells which bind non-covalently to
PAH. Some of these proteins have similar
properties, although not identical, to cor
ticosteroid receptors (13).

An important aspect to elucidate is the
participation of oncogens in the cellular
transformation due to chemical carcino
gens. On one hand a possible cause and
effect relationship should be considered to
exist between the activation of oncogens
and malignancy and, on the other, the re
lation of its expression with the pheno
typic markers of the transformation.

The experimental induction of mam
mary or skin cancers with nitrosometh
ylurea (NMU) or with dimethyl-
benz(a)antracene (DMBA) respectively,
has shown that it produces the specific ac
tivation of the ras oncongens (22). It has
also been possible to identify transformer
genes in other animal tumoural systems
induced by different carcinogens (3).
DMBA and NMU differ from each other
in as much as the former requires a pre
vious metabolization; but both systems,
be it through the metabolite or directly,
activate the specific oncogen in a similar
way, although NMU is much more effec
tive (2, 20). Diverse experimental proofs
suggest that the transformation requires
several stages for the mammary cancer to
be produced in rat (2, 14, 20) as well as
that in this transformation two or more
oncogens acting in coordination (1, 2)
could be involved. Chemical carcinogens
and oncogens share some of their char
acteristics. Both require cellular prolifer
ation to manifest their carcinogenic ac
tion. Such a proliferation could be the re
sult of normal physiological processes of
the mammary gland, as occurs during em
bryogenesis and puberty. It may be in
duced experimentally with forbol esters.
On the other hand, oncogens may also
play a role in tumour promotion and/or
growth if they are activated in cells which
have been initiated by other mechanisms,
such as chemical carcinogens or other
types of oncogens (20). In this sense, the
homologies between the steroid and thy
roid receptors and that of EGF with the
proteins expressed, respectively, by the
erb-A and erb-B oncogens of the avian 
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erythroblastosis virus, should be kept in
mind (11). The last two situations enclose
the possibility that the protooncongens
may express in the same way, in normal
physiological situations or during mam
mary carcinogenesis. This fact has been
brought out in mouse with two cellular
oncogens distinct from ras, int-1 and int-
2 (15). These oncogens correspond to the
integration sites of exogen virus in the 15
and 7 chromosomes respectively of some
experimental mammary tumours in
mouse. The int-2 gene is related to fi
broblastic growth factors (21).

Up to recently the study of mammary
cancer at the molecular level was viewed
from different independent approaches.
At present, thanks to the great advances
of Molecular Biology, hormones, recep
tors, growth factors and oncogens consti
tute an integrated concept, as well as an
integrator of the physiology of the mam
mary gland and the physiopathology of
breast cancer, which improves the theo
retical knowledge and, therefore, opens
the way to resolve that disease.

Resumen

Se rcvisa el efecto de las hormonas sobre los tu-
mores mamarios inducidos experimentalmente en
animales. Se subraya que el efecto sobre la induccion
y/o el crccimiento tumoral puede depender de su
concentracion y del momento, en relacion a la ex-
posicion de los animales al carcinogeno, en que se
administrcn. Se indican los mecanismos de accion
conocidos, destacando la importancia del aumento
de la difercnciacion que inducen las alias dosis de es-
trogenos y algunos efectos de la progesterona y el
embarazo en la proteccion contra el cancer experi
mental y sus promotores. Asimismo, se muestra la
eficacia de las maniobras terapeuticas ablativas
—ovariectomla, hipofisectomia y adrenalectomia—
y aditivas —antihormonas— en la regresion de tales
tumores. Finalmente, se establecen las bases mole-
culares de la hormonodependencia de los tumores
mamarios experimentales intentando proporcionar
un concepto integrado entre hormonas, receptores, 

factores de crccimiento, oncogenes y carcinogenesis
experimental.

Palabras clave: Hormonodependencia, Cancer de
mama.
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