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Hormones are informational molecules. These chemi-
cal messengers must find, at the target cell level, speci-
fic recognition mechanism(s) for selecting them appro-
priately from all other components of the ‘milieu in-
térieur’. These recognition mechanisms which involve
binding sites (- on Fig. 1.) of very high affinity (disso-
ciation constant. K, between 0-1 and 10 nM adjusted
to the low concentration of hormones in the plasma)
and strict (stereo) specificity, constitute the primary
function of receptors. It is known that the catalytic
sites of cnzymes also display specificity, but the
affinity is 10* times lower than that of the hormone
receptor binding sites, since substrates, such as sugars,
amino acids or lipids. consumed mainly for energy
purposes, are found in higher concentration and
transformed into products. In contrast the interaction
of hormones with their receptors does not alter their
chemical composition per se: it is a purely ‘physical’
phenomenon.

RECEPTORS: DEFINITION AND STUDIES

Specific binding, even of high affinity. does not
define a receptor completely. There are other proteins,
in particular in the plasma, which bind hormones
rather tightly and specifically (for example, in man,
transcortin for cortisol and progesterone. and steroid
binding plasma protein (SBP) for estradiol and testos-
terone), and even if the object of these ‘transport’ pro-
teins is still obscure. they are certainly not receptors.
[ndeed. the meaning of the word receptor implicates
responsibility for the interpretation of the received
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Fig. 1. Phenomenology of the steroid hormone receptor.
H stands for any steroid hormone. It binds to the ‘recep-
tive site (1) with high aflinity. and there is transduction

coupling the hormone binding to the activation of the
‘executive’ site . The latter may for instance interact
with another macromolecule or catalyze some reaction.
When this effect is switched on, the hormone has nothing

else to do than to leave @

signal (hormone) in terms of cellular response. The
binding of the hormone leads to activation of the ‘exe-
cutive’ site (¢) of the receptor, interacting in turn with
‘acceptor’ component(s) of the cellular machinery
which will be set up to inittate a cascade of effects,
known as the overall ‘hormonal response’. At the
molecular level, there will be transduction between
the r and the ¢ sites, implicating an allosteric transi-
tion of the receptor protein. At the organizational
(cellular) level, the receptor is the last molecular entity
with which the hormone has to interact in order to
trigger the response; afterwards. it may and indeed
does leave. as indicated by the permanent renewal
of hormone in target cells. justifying the continuous
hormonal secretion in the intact organism [1].

Early experiments of Jensen and Jacobson [2] and
of Glasscock [3] demonstrated the selective con-
centration and retention of radioactive estrogens in
their target organs. Further studies, in the mid-sixties,
by the groups of Jensen [4], Gorski [5, 6], Segal [7]
and in our laboratory [8-10]. have established the
proteinic nature and the intracellular localization of
estrogen receptors, the first hormonal receptors to be
demonstrated and characterized. Thereafter, similar
results have been obtained with all steroid hormones,
of both sexual (progesterone and androgens) and
adrenal origin [117]. The entry of steroids into cells,
and then the intracellular presence in their receptors
contrasts with the location of specific binding in
plasma membranes found subsequently for most poly-
peptidic hormone receptors. A part of the ‘executive’
activity of these membrane receptors is to activate
the membrane bound enzyme adenyl cyclase and to
increase CAMP, a second messenger for the cell re-
sponse according to E. Sutherland. cAMP does not
play a role in the triggering of the cellular response
to steroid hormones.

That the intracellular steroid binding proteins are
‘real’ receptors is likely, but this has not been formally
demonstrated since the acceptor to which the receptor
executive site corresponds, has not been defined in
molecular terms. Three very strong but circumstantial
arguments, and a fourth which is more direct have
been produced. (1) There is a satisfactory parallel
between the affinities of different steroids. or even of
non-steroidal derivatives, of a given series for the
receptor, and their biological activities. e.g. weak
estrogens have low afhinity. Such a correlation does
not hold with transport plasma proteins. (2) The pres-
ence of the receptors in target organs, while these
arc undetectable in normal non-target organs. and in
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Fig. 2. Natural history of estradiol: a schematic repre-
sentation. Estradiol (Ey). taken as a representative steroid
hormone, is secreted and circulates in the plasma. mostly
bound to specific plasma protein (PP). [t is subjected to
degradative peripheral metabolism. It is currently believed
that free Ey enters the cell, maybe through a membrane
specific step indicated on the graph. Binding to the recep-
tor (R) leads to its transconformation (R becomes R and
translocation of the complex to a nconuclear position. with
binding to an “acceptor” still undefined. The possible role
of high affinity chromatin protein {NHC) is reported in
the figure and discussed elsewhere [1]. At any moment
of its cellular life. estradiol may be degraded and.or
released from the cell,

genetically non-responsive tissues (androgen  Larget
organs in the testicular feminizing syndrome). (3) After
entry into the cell. by a process poorly understood
[12]. the hormone binds to the receptor which is
found in the cytoplasm and provokes a change in
its properties [4.6]. termed ‘“acidophilic activation’
[13]. which makes the hormone receptor complex
capable of interacting with a variety of polyanions.
notably DNA. This cffect is probably related to the
secondary location of the hormone receptor complex
in the cell nucleus [14.4, 6] also designated neonu-
clear” receptor [15]. The final nuclear localization of
the steroid hormone agrees well with different bio-
chemical studies of the hormonal response which in-
dicates the fundamental importance of gene transcrip-
tion: again, molecular details are still unknown. (4)
In a series of experiments, nitially developed in our
laboratory [16.17]. the nuclear gene transcribing
machinery of non-stimulated tissue has been exposed
to preparations containing receptor steroid com-
plexes. There is 2 hormone dependent, cytosol depen-
dent increase in RNA synthesis, o result which, what-
cver the limitations seen from the molecular biology
point of view [1, 18]. may indicate directly a function
for the receptors.

These considerations arc basic to the belief that
the specific proteins binding sclectively the corre-
sponding hormones of a given tissuc are receptors.
capable of recognition. and operational in message
exccution. Therefore it is tempting to ask whether
their qualitative and quantitative evaluation may be
of practical value for a better understanding of hor-
mone ‘receptivity”. and consequently if their pharma-
cological manipulation will contribute to better con-
trol of cellular functioning in the intact living
organism.

The technicalities of these studies involve: (1) The
correct delincation of specific binding from non speci-
fic binding (albumin and many other proteins bind
all steroids indistinetly with an aflinity corresponding
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to Kj, = 107 ° M), (2) The measurement of the bind-
ing affinity and the determination of the number of
sites per tissular unit (for instance mg of protein or
DNA). (3) The survey of binding characteristics with
different hormonal derivatives. and of molccular
properties, such as sensitivity to SH blocking agents,
not only in order to assess the proteinic nature of
the binding but also to differentiate between receptors
and plasma proteins [19]. (4) An evaluation of the
available binding sites, i.e. those unoccupied by hor-
mone at the time of the study and labelled directly
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Fig. 3. Changes and hormonal control of progesterone
receptor in guinea-pig uterus. (a) Plasma levels of proges-
terone over the cycle, and concentration per cell of its uter-
ine receptor. Pro. proestrus: E. estrus: Post. postestrus:
Di, diestrus. The case of pregnancy is indicated (...). (b}
Estrogen induction of progesterone receptor in castrated
guinea-pig uterus. Maximum approx. | day after injection
of estradiol (Ey). The negative effects of protein and RNA
synthesis inhibitors, C'y and Ad, arc shown, The prolonged
apparent disappearance of the receptor (half-life 5 days)
is shown on the right panel and would not account for
the physiological decrcase of the receptor observed during
the cvcle between day 0 and day 4. (¢) Progesterone in-
jected when the R is maximum as in (b) accelerates the
decay of the receptor and therefore may be implicated in
its physiological control.
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by radioactive hormone added to the extract. and/or,
often better, total binding sites taking into consider-
ation the endogenous hormone occupying part of
them and using an “exchange technique’ for this pur-
pose [20]. (5) Eventually. an estimation of the reccp-
tor content of the soluble part (cytosol) and of the
nuclear (KCl-extractable and ‘insoluble) fractions of
tissue homogenates.

All these requirements necessitate precise and
rather complex analyses. and warn against simplified
methods which may be very seriously misleading.

PHYSIOLOGICAL CHANGES OF RECEPTOR
CONTENT AND RECEPTIVITY

Recent studies on the guinea-pig demonstrate that
the content of progesterone receptor of the uterus
varies during the estrus cycle, depending on complex
hormonal control [21,22]. Progesterone levels in the
plasma and concentration per uterine cell of the pro-
gesterone receptor, whether it is free or occupied by
the endogenous hormone. show cyclic variations
which are not coincidental. Plasma progesterone is
increased at ovulation and is at a prolonged high level
during diestrus {luteal phase). On the other hand. a
peak of uterine receptor is rapidly developed at proes-
trus. However the maximum value is not maintained
very long and a decrease follows, so that the receptor
level is very low during the luteal phase, even though
this is also the period when implantation eventually
takes place. Incidentally, in pregnancy, the receptor
concentration is similar to that found in the absence
of fertilization. up to implantation.

These observations suggest that, if the progesterone
receptors have an obligatory involvement in egg im-
plantation, progesterone available when its receptors
are high, around ovulation, may be physiologically
important. There is circumstantial evidence that this
might be the case, since Deanesly {23] obtained a
number of successful implantations in the guinca pig
even after ovariectomy. provided the latter was per-
formed after the 3rd day following ovulation (im-
plantation takes place on the 7th day after ovulation).

The increase of progesterone receptor during proes-
trus is probably attributable to estrogens, and in cas-
trated animals. estradiol provokes an important aug-
mentation of binding sites. Such an increase of recep-
tors. suppressible by protein and RNA synthesis inhi-
bitors {Fig. 3), may be the molecular mechanism of
the classical priming of progesterone action by pre-
viously administered cstradiol [24]. The apparent
decay of the progesterone receptor induced by estra-
diol in non-cycled (castrated) animals corresponds to
a half-life of at least 5 days. and does not explain
the rapid decrease during the cycle. However, in this
model situation where hormonal manipulations arc
performed eusily. progesterone can be injected when
receptor is maximum, and indeed it accclerates the
decay of binding sites. only 20°, remaining measur-
able after 1 day [22]. Therefore. during the guinca-pig

* For instance, estrogen and progesterone receptors are
found in the human endometrium. and whereas blood pro-
gesterone shows only a small increase at mid-cycle. there
is a relatively high concentration of the hormone in the
uterus (J. Ferin. personal communication).
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estrus cycle, it is logical to attribute the rapid decrcase
of the progesterone receptors after proestrus to the
progesterone of the first and possibly of the carly part
of the sccond luteal peaks (see Fig. 3). In the diestrus
period. progesterone receptor level is even lower than
that measured in castrated animals untreated by hor-
mone. a fact still poorly understood that some "nega-
tive’ effect of progesterone might explain. Such results
suggest that the high level of progesterone receptor
at mid-cycle may act as a target for pharmacological
inactivation in order to intercept processes leading
to blastocyst implantation. None of the related pre-
liminary obscrvations in man* discourage to date the
possibility of mid-cycle contraception {25].

Other recent work shows that the uterine estrogen
receptor undergoes changes in early pregnancy in the
rat [26]. The levels of estradiol and progesteronc in
the plasma. and the concentrations of the cytosol
estradiol receptor measured scparately in the myome-
trium and the endometrium are elevated. There are
always more binding sites per DNA unit in the latter,
and they increase markedly in the endometrium after
the 3rd day. with @ maximum at 5-6 days while the
change is modest in myometrium. Implantation in the
rat takes place on the 5th day and is not possible
either before or after a narrow critical period [27].
On the basis of increased estradiol and progesterone
concentrations in the blood in carly pregnancy, hor-
mones were given to castrated (at day 2 ol pregnancy)
rats after 3 weeks without treatment. The estrogen
induced increase of estradiol receptor in both endo-
metrium and myometrium is not unexpected. How-
ever, it is remarkable that progesterone does increase
the estrogen receptor in the endometrium (not signifi-
cantly in the myometrium). while when given with
estradiol, it abolishes the receptor increase provoked
by the latter in the myometrium. The relative con-
centrations of receptor in endometrium and myome-
trium are remarkably similar in both the physiologi-
cal circumstances and the progesterone plus estrogen
model. The antagonistic cffect of progesteronc on
estradiol receptor induction in the myometrium may
favour implantation by decreasing the estrogen depen-
dent sensitivity to catecholamines and prostaglandin
Fo, [28)

In conclusion. physiological and hormone induced
changes of receptor concentrations have been demon-
strated, and will probably be observed further in a
variety of tissues and circumstances (including devel-
opment [29, 30]. Indecd recent work with the insulin
and growth hormone receptors [31] enlarges the
concept to non-steroid hormones. Detailed studies of
the relationship between receptor concentration and
hormone action are now necessary, as well as analyses
of qualitative changes, such as moditication of hor-
mone specificity and difference in receptor genome
interactions. which may also occur and be of great
importance.

DIFFERENT RECEPTORS FOR THE SAME
HORMONE IN DIFFERENT TARGET
CELLS
It is not known whether the receptor for the same
hormone is the same in different target tissues. For
instance is the estradiol receptor identical in the endo-
metrium and in the cervical mucosa or in normal
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Fig. 4. Changes and hormonal control of estradiol recep-
tor in rat uterus during early pregnancy. (a) Concentration
of endometrium (top line) and myometrium (bottom line)
estradiol receptor during early pregnancy. (b) Estradiol
receptor in castrated rat endometrium (open bars) and
myometrium (shadowed) and in control animals and after
various hormonal regimes. It can be observed that (1)
estradiol (E) increases receptor in both endometrium and
myometrium. (2) progesterone (P) increases estradiol in
endometrium but not in myometrium. (3) progesterone
abolishes the estradiol induced increase of myometrium
receptor. Therefore simultancous administration of P + E
gives a picture similar to that observed during early preg-
nancy (3-6 days) when both hormones are increased in
the plasma.

and pathological mammary glands or in the hypotha-
lamus and the anterior pituitary?

However, there is already one example showing
that a given hormone (testosterone) circulating in the
blood may play its part in different target tissues
through different receptors. The case is relatively casy
to demonstrate since testosterone is active in target
cells either as testosterone itscll (in muscles, levator
ani or skcletal [32.33]. and in kidney [34]. or after
transformation into metabolites such as androstano-
lone (dihydrotestosterone) in ventral prostate and
seminal vesicles [ 35 37]. or as estrogen(s) in hypotha-
lamus [38]). These results suggest a  difference
between tissues engaged in responding to the same
blood testosterone hormone. and such a diversity may
be of pharmacological interest, since it may be poss-
ible to obtain dissociated activities for various
androgens. and indeed empirical attempts to scparate
anabolic properties from virilizing effects of steroids
arc well known.

E.-E. BatLit

DIFFERENT RECEPTORS FOR DIFFERENT
HORMONES IN THE SAME CELLS

The very fact that estradiol can induce the proges-
lerone receptor {sce above) suggests that uterine cells
which synthetize it contain also an cstradiol receptor.

Formal evidence for two types of receptors per cell
comes from the analysis of cloned cells (ML) from
a mammary tumour SHI-115 in mice. the growth of
which is androgen dependent an cffect that estrogens
antagonize. There are two different receptors in these
(single type hopefully) cells. E (estrogen) and A
(androgen) receptors. binding estradiol and testoster-
one respectively. with very high aflinity [39]. The I
receptor does not bind  testosterone. while the A
receptor binds estradiol with relatively high atfinity.
however lower than that of the E receptor. Thercfore.
referring to the anti-androgenic effect of estradiol. it
is not known whether or not it passes through a com-
petitive binding f{or the A receptor which would not
be activated as with testosterone. or il it implicates
the I receptor which would cither carry an untagonis-
tic order to a particular site of the genome or would
compete with the A receptor for its acceeptor site.

DIFFERENT RECEPTORS FOR THE
SAME HORMONE IN THE SAME CELL

The fact that estradiol binds to both the E and
A receptors 1s evidence that two different receptors
can bind the same steroid depending on the con-
centration: when the concentration of estradiol is low.
the higher afhnity E receptor is first occupied, while
at a higher concentration the A receptor begins also
to be saturated. If the cffects promoted by the E
receptor-cstradiol and A receptor estradiol  com-
plexes are opposite. we may observe i dosc response
curve going up initially  with increasing  con-
centrations. until values at which the A receptor
estradiol complexes become operative and invert the
slope, reproducing a well-known pattern of pharma-
cological response not well explained until now.

Diethylstilbestrol {DES), a non-steroidal cstrogen.
binds to the E receptor similarly to the estradiol itself.
while its interaction with the A reeeptor is very weak.
DES has been known as a perfect estrogen when its
activity has been tested on the uterus; it s also a
widely used compound in cancer therapy [40]. Indeed
the reported observation suggests that the effects of
estradiol and DES can be dissociated while the pres-
ence of the F and A receptors binding estradiol can

Table 1. Presence ol two steroid hormone
receptors in S-113 M cells
S-11S Tumor M1, eells
Reeeplor A Receptor |
T LRI 0
Ey bk + 4+t
DES 0+ b b

Crosses (+) indicate relative atlinity of the
two receptors  for  different hgands. AL
androgen receptor: E. estrogen receptor. T,
testosterone: By estradiol: DES. diethyistil-
bestrol.
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explain a change of slope when estradiol con-
centration increases. the binding of DES by the E
receptor alone leads to the prediction that this change
of slope will not be seen with DES.

NEW THERAPEUTICAL APPROACHES:
RECEPTORS AND RECEPTIVITY,
DISSOCIATION OF EFFECTS, AGONISM
AND ANTAGONISM
From the above reported data. it follows that one
can reexamine now. on biophysical grounds a series
of pharmacological concepts of primary therapeutical

importance.

Receptivity to a given hormone may indeed depend
on the amount of the corresponding receptor in target
cells. The lack of response of secondary sex organs
to testosterone in the testicular feminizing syndrome
[41]. or in lymphoma ccll mutants resistant to corti-
costeroid [42] are interesting cxamples. since no
receptor is found in these tissues. There are good cor-
relations also between the hormonal response of
breast cancer and the estradiol receptor content [43]
and of lymphoblastic leukaemia and corticosteroid
receptors [44]. results which are ol obvious theorcti-
cal and practical interest. Whether subtle pharmaco-
logical manipulations will be of therapeutical and
practical interest, as proposed above in the case of
contraception, remains to be demonstrated.

The induction of steroid receptor by steroid hor-
mones Is of great value for explaining “priming’, a
type of synergism acquired over a well defined time
sequence. The negative influence of steroids on recep-
tor induction [26] is conversely a way ol explaining
certain antagonisms between hormones. while other
possibilitics are the simultancous presence of different
receptors [39] or their competition for the same
receptor [45].

Finally, the case is made that one can dissociate
responses ordinarily (physiologically) linked by the
very nature of a natural circulating hormone. We
have seen that testosterone effects are mediated by
different steroidal products in target cells, and that
all estradiol effects may not be shared by the synthetic
DES: these results may lead to new therapeutical
advances.

Regulatory proteins. the steroid hormone receptors.
provide some of the most advanced models for
rational  physico-chemical  and  physiological
approaches of pharmacological and therapeutical
problems. Their purification and complete characteriz-
ation will undoubtedly lead to even more progress
in clinical 'medicine.
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