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Summary-The actions and biological responses of anti-estrogen are a function of: the experimentai 
conditions, the parameters, the organ and the animal species considered. Target tissues for estrogens in 
the guinea-pig during the perinatal period are interesting models to explore the action of anti-estrogens. 
The summary of the data indicates: (1) In the fetal uterus of guinea-pig in in oiuo experiments (after 
injection to the maternal compartment) tamoxifen acts as a real agonist concerning growth, as a partial 
agonist concerning the stimulation of the progesterone receptor. (2) In in vitro experiments (in organ 
culture of fetal uterus or in isolated cells) anti-estrogens (tamoxifen or 4-hydroxy-tamoxifen) act as 
antagonists and also inhibit the effects provoked by estrogens. (3) In the uterus and vagina of newborn 
guinea-pigs, t~ox~en and its derivatives: 4-hydroxytamoxifen and ~-desmethyltamoxifen act as real 
agonists concerning the uterotrophic and vaginotrophic effects, and also stimulate the amount of DNA 
per organ, but concerning the progesterone receptor in the uterus, in the short treatment anti-estrogens 
act as partial agonists but they have no effect in the long treatment. In the vagina in the short treatment 
anti-estrogens provoke no significant effects, but in the long treatment they are full agonists. In neither of 
the two biological responses studied (growth and progesterone receptor) does tamoxifen and its 
derivatives block the action of estradiol. (4) The use of a monoclonal antibody to the estrogen receptor 
revealed quantitative differences in the activation of the estrogen receptor when bound to estradioi or 
tamoxifen. This observation was in agreement with the lesser extent of binding to ~NA-cellulo~ of the 
tamoxifen-estrogen receptor comptex as compared with the estradiol-estrogen receptor complex. This 
fact suggests an impaired activation of the estrogen receptor induced by tamoxifen which might be 
related to the different biological responses provoked by estrogens and anti-estrogens. 

DNTRODUCTION 

Since the discovery of the first ~phenyiethylene- 
derivative with anti-estrogenic properties (MER 25, 
ethamoxytriphetol) [l], a wide variety of compounds 
with this basic structure have been synthesized. One 
of these, tamoxifen, was found to be the most suc- 
cessful in therapy, particularly for the treatment of 
breast cancer [2,3]. 

In spite of the fact that tamoxifen can bind with 
high affinity to two different sites: site A which 
corresponds to the estrogen receptor and site B (also 
called AEBS, anti-estrogen binding site) [4,5], the 
most accepted mechanism is that tamoxifen and 
other triphenylethy~ene derivatives carry out their 
biologica responses through their interaction with 
the estrogen receptor molecule. Tamoxifen and 
other “anti-estrogens” can act as full estrogen 
agonists, partial antagonists or real agonists. These 
variations in the biological responses can be 
explained by differences in the binding affinities to 
the estrogen receptor, in the dissociation or asso- 
ciation rate constants, as well as in the induction of 
different conformations of the receptor, as was 
demonstrated recently using a monoclonal antibody 
obtained agairist the estrogen receptor [6,7]. 

The biological response to “anti-estrogens” is a 
function of: (1) the animal species; (2) the target 
organ; (3) the biological effect considered; (4) the 
experimental conditions. 

Other factors could also be involved, such as 
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metabolism, half-life, and the interaction(s) with 
plasma or tissular proteins or other macromolecules. 

As a consequence of the extensive use of tamox- 
ifen in cancer therapy, particular interest has been 
focused on its metabolism and the data show 
significant differences in the diverse species studied, 
e.g. in the human the most important metabolite is 
~-desmethyltamoxifen[8,9], and in the rat 4- 
hydroxytamoxifen [lo]. 

In a series of in viva studies in this laboratory on 
the biological response of tamoxifen during the 
perinatal periods of the guinea-pig, it was shown that 
this compound acts as an estrogen agonist in the 
uterus and vagina [l 1, 12, 131. We summarize here 
the effects of tamoxifen and its derivatives (4- 
hydroxytamoxifen and ~-desmethyltamoxifen) after 
administration to newborn guinea-pigs, as well as in 
isolated uterine cells of the fetal uterus. Data of the 
interaction of tamoxifen with the estrogen receptor 
and the recognition of the tamoxifen-estrogen 
receptor complex by a monoclonal antibody to the 
estrogen receptor are also presented. 

INTERACTION OF 13HlTAMOXlFEN WITH 
THE ESTROGEN RECEPTOR. RECOGNITION 

OF THE ACTIVATED FORM USING A MONOCLONAL 
ANTIBODY 

In the fetal t$erus of guinea-pig, tamoxifen binds 

to the estrogen receptor (site A) with a dissociation 
constant ( Kd) of 1.8 f 0.4 (SD) nM and to a second 
binding site (site B or AEBS), specific for the 
triphenylethylene class of anti-estrogens, with a 
higher affinity (rC, = 0.39 rf 0.01 nM) [S, 1 I, 141. 
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Only the tamoxifen+strogen receptor complex 
translocates to the nucleus in a “cell-free” system by 
a temperature-dependent process while site B 
(AEBS) does not [S]. 

The tamoxifen-estrogen receptor complex can be 
activated as determined by the increase in its binding 
to DNA-cellulose, by factors such as temperature, 
time and high salt concentrations, which activate the 
estradiol-estrogen receptor complex (Fig. 1) [7]. 
Sodium molybdate inhibits the activation of both the 
tamoxifen- or estradiol-estrogen receptor com- 
plexes. 

In a previous study [6] we demonstrated that the 
monoclonal antibody D547, raised against the 
human estrogen receptor from MCF-7 cells [l&16], 
binds selectively to the activated form of the 
estrogen receptor. This activated form of the recep- 
tor, which can be recognized by the antibody, was 
called a form, while the non-activated form which 
does not bind to the antibody was called p form. The 
estrogen receptor complexed with tamoxifen is also 
partially recognized by the monoclonal antibody 
(Fig. 2B) and this binding is induced by activating 
factors [7]. The correlation between the increase in 
the DNA-cellulose binding and the transformation 
of the p form to the a! form suggests that the form 
recognized by the antibody is the activated form of 
the tamoxifen-estrogen receptor complex. 

These observations indicate similar qualitative 
properties of the estrogen receptor when bound to 
either tamoxifen or estradiol and support the hypo- 
thesis that the action of tamoxifen is mediated by the 
estrogen receptor. However, the extent of activation 
of the estrogen receptor when bound to tamoxifen 
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Fig. 1. Effect of activating factors on the binding of the 
tamoxifen- (Tam-R) and estradiol- (E-R) estrogen receptor 
complexes to DNA-cellulose. Aliquots of cytosol were 
incubated with 15 nM [WJtamoxifen or with 10 nM 
[3H]estradiol for 2h at 4°C. Samples were treated as in- 
dicated in the figure and assayed for DNA-cellulose bind- 

ing for 1 h at 4°C. 

was always less than when it was bound to estradiol 
(Fig. 1). Similarly, the binding to the monoclonal 
antibody was markedly less when the receptor was 
complexed with tamoxifen rather than estradiol (Fig. 
2A and B). 

COMPARATIVE BIOLOGICAL RESPONSES OF 
TAMOXIFEN, 4-HYDROXYTAMOXIFEN AND 

N-DESMETHYLTAMOXIFEN, 
ALONE OR COMBINED WITH ESTRADIOL, 

IN THE UTERUS OF NEWBORN GUINEA-PIGS 

It can be established at present that of all the 
animal species studied, in only two (mouse and 
guinea-pig) tamoxifen and other triphenylethylene 
derivatives act as full agonists and do not block the 

I (bl 

Fig. 2. Interaction of the estrogen receptor bound to estradiol (A) or to tamoxifen (B) with the 
monoclonal antibody. (A) Aliquots of cytosol were incubated with 10 nM [3H]estradiol (-0-) or with 
:LO nM [3H]estradiol + the monoclonal antibody D547 (-•-) for 20 h at 4°C. (B) Aliquots of cytosol were 
incubated with 15 nM C3H]tamoxifen (-0-) or with 1.5 nM [3H]tamoxifen + the monoclonal antibody 
(-•-) for 20 h at 4°C. Samples were analyzed by centrifugation through sucrose density gradients 
(lO-30% w/v; 0.4 M KCl) at 400,000 g for 120 min using a Beckman vertical rotor VTi65. Non-specific 
binding was determined in the presence of a lOO-fold excess of unlabelled estradiol (-A-). ER: 
estradiol-estrogen-estrogen receptor complex; (I: cr form of receptor (activated); ,?I: p form of receptor 

(non-activated). 
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effect of estrogens [lo, 11,12,17, 181. As tamoxifen 
in humans is extensively metabolised, mainly into 
N-desmethyltamoxifen, and 4-hydroxytamoxifen 
was found as a metabolite of tamoxifen in the rat 
uterus, it was interesting to explore the biological 
responses of these two metabolites in a model in 
which tamoxifen is a full agonist concerning the 
uterotrophic effect. N-desmethyltamoxifen or 4- 
hydroxytamoxifen were injected S.C. (alone or com- 
bined with estradiol) to newborn guinea-pigs (2-days 
old) for a short (2 days) or a long period (12 days), 
and the effects on uterine growth and progesterone 
receptor were studied. 

Uterotrophic effect 

Figure 3 shows the effect of short and long treat- 
ments with N-desmethyltamoxifen and 4-hydroxy- 
tamoxifen on the weight of the uterus. 4-Hydroxy- 
tamoxifen provokes an effect similar to that obtained 
with tamoxifen. N-desmethyltamoxifen is also 
uterotrophic but significantly less intense than the 
other triphenyl derivatives. When administered 
together with estradiol, the tamoxifen derivatives do 
not block the estradiol effect. On the contrary, the 
effects are additive (Fig. 4). A significant increase in 
the DNA content of the uterus was also 
observed [ 191, suggesting that these tamoxifen 
derivatives are also involved in cell proliferation. 

Progesterone receptor 

Another parameter studied was the action of these 
derivatives on the progesterone receptor. Here the 
situation is different because in the short treatment 
there is an agonist effect greater than that provoked 
by estradiol, but in the long treatment the concen- 
tration of the progesterone receptor is similar to that 
obtained in the non-treated animals (Fig. 5). In any 
case the tamoxifen derivatives do not block the 
action of estradiol (unpublished data). This is an 
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Fig. 3. Trophic effect of tamoxifen (TAM), N-desmethyl- 
tamoxifen (DEMET-TAM), and 4-hydroxytamoxifen 
(OH-TAM) in the uterus of newborn guinea-pigs treated 
for a short (2 days) or a long (12 days) period. Newborn 
guinea-pigs (2 days old) were treated subcutaneously daily 
for 2 or 12 days with 100 pg of each compound. The data 

represent the average *SD of 6-10 animals. 
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Fig. 4. Trophic effect of the combination of Ez +OH- 
TAM, or E2 + DEMET-TAM, in the uterus of newborn 
guinea-pigs treated for a short (2 days) or a long (12 days) 
period. Newborn guinea pigs (2 days old) were treated 
subcutaneously for 2 or 12 days with 20 pg Ez and 100 pg 
of other compounds. The data represent the average *SD 

of 6-10 animals. 

intriguing aspect of the anti-estrogen effect and the 
different possibilities and factors involved in the lack 
of response concerning this parameter need to be 
explored. 

EFFECT OF ANTI-ESTROGENS IN 
FETAL UTERINE CELLS IN 

CULTURE 

Cell suspensions of fetal guinea-pig uteri were 
obtained by enzymatic digestion of tissue minces in 
0.25% trypsin, 0.05% collagenase and 0.025% 
DNAse. Cells were plated in 75 cm’ plastic flasks 
and cultured in Dulbecco’s Modified Eagle’s 
Medium (DMEM) containing 5% fetal calf serum. 
To test the effect of various added compounds, cells 
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Fig. 5. Effect of tamoxifen (TAM), estradiol (E,), des- 
methyltamoxifen (DEMET-TAM), and 4-hydroxy- 
tamoxifen (OH-TAM), on the progesterone receptor of the 
uterus of newborn guinea-pigs treated for a short (2 days) or 

a long (12 days) period. Legend, see Figs 3 and 4. 
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Fig. 6. Effect of anti-estrogens on progesterone receptor concentrations (A) and cell proliferation (B) in 
fetal uterine ceils in culture. Fetal uterine cells were cultured as monolayers in plastic flasks for ‘9 days in 
DMEM + 5% charcoal-stripped fetal calf serum. Progesterone receptor concentrations were measured in 
the cytosoi fraction and a 0.6 M KCI nuclear extract using [3H]R5020 as ligand. Values are the means 
*SE of 3-13 determinations. C: control with no hormone added; E,: 1 x lO--*M estradiol; Tam: 

1 x lo-’ M tamoxifen; OH-Tam: 1 x IO-’ M 4-hydroxytamoxifen. 

were replated into DMEM containing 5% charcoal- 
stripped fetal calf serum and cultured in the presence 
and absence of the test substances for 9 days [20]. As 
indicated in Fig. 6A, 1 X lo-@ M estradiol induces a 
2-fold increase in progesterone receptor concen- 
trations. Both tamoxifen (1 x 10m7 M) and 4- 
hydroxytamoxifen (1 X lo-‘) inhibited the proges- 
terone receptor to levels well below those of cells 
grown in control medium. In the presence of 
estradiol (1 x lo-’ M), the tamoxifen (1 x lo-’ M) 
inhibition could be completely overcome but 4- 
hydroxytamoxifen was capable of effectively 
antagonizing the action of estradiol. It is intriguing 
that estrogen receptor concentrations were very low 
to negligible during the entire period of culture. 
Neither estradiol nor the anti-estrogens had any 
significant effect on cell proliferation (Fig. 6B). 

The monolayer culture of fetal uterine cells now 
provides us with an in vitro system which is estrogen- 
responsive, in contrast to the spontaneous rise in 
progesterone receptor in the absence of estrogens 
previously observed in the organ culture of fetal 
uterine explants [2 I]. Although estrogen receptor 
concentrations decreased to very low levels com- 
pared to those found in the intact fetal guinea pig 
uterus, progesterone receptor could be increased by 
estradiol and this increase could be antagonized by 
anti-estrogens. Moreover, a sufficiently large excess 
of estradiol (lo-fold) could overcome this an- 
tagonism. Whether the small quantity of estrogen 
receptor retains all the characteristics of the fetal 
uterine estrogen receptor and whether this receptor 
mediates the estrogen stimulation of progesterone 
receptor observed in the cells remains to be demon- 
strated, especially since the in vitro organ culture 
studies seemed to indicate the possibility of an 

estrogen-independent progesterone receptor. It is 
important to note that anti-estrogens not only in- 
hibited the estrogen-induced increase in proges- 
terone receptor but also decreased the concen- 
trations as compared with cells grown in basal 
medium. This would suggest that the values used as 
the basis for the comparison of the effects of the test 
substances were at least partially due to intrinsic 
es~ogenicity of the basal medium. The presence of 
phenol red in the medium is a possible source [22] 
although when tested in the fetal uterine organ 
culture system phenol red was not estrogenic 1231. 

DISCUSSION AND CONCLUSIONS 

The present information shows the complexity of 
responses of “anti-estrogens” and confirms that the 
activity of these compounds is conditioned by 
different factors such as: the experimental con- 
ditions, the biological effects or the organ con- 
sidered. 

One of the interesting aspects found with the 
model studied is that the major metabolites of 
tamoxifen: 4-hydroxytamoxifen and N-desmethyl- 
tamoxifen can act as real estrogen agonists concern- 
ing the uterotrophic effect. In addition, in a recent 
work (unpublished results [ 191) a significant trophic 
effect was also observed in the vagina. This effect 
was more intense with 4-hydroxytamoxifen which is 
known to have more anti-estrogenic effect than 
tamoxifen itself [24]. 

The question that the function of these anti- 
estrogens could depend on the biological response 
studied is raised when the effects on the progesterone 
receptor (PR) are considered: in the uterus of new- 
born guinea-pig after a short treatment period both 
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tamoxifen derivatives stimulated the PR with a more (positive and/or negative) which control the 
intense effect than estradiol itself. However, no different steps of “anti-estrogen” action can be 
effect was observed when the treatment was carried completely reversed when the experimental con- 
out for a long period. ditions change. 

The problem of the biological response to anti- 
estrogens becomes more complex when the same 
effect is studied in the vagina. In this organ, tamox- 
ifen and its derivatives do not have any effect in the 
short treatment but the synthesis of PR is intensively 
stimulated after 12 days of treatment [ 191. This is 
another intriguing aspect of the action of anti- 
estrogens which can have significant differences of 
responses in close target organs of the same species. 

Several molecular mechanisms have been pro- 
posed for the difference in intrinsic activity of 
estrogens and anti-estrogens, including alterations in 
the estrogen receptor activation [25], differences in 
the receptor form retained in the nucleus 1261, im- 
paired nuclear processing steps [27] and interaction 
with specific anti-estrogen binding sites [4,5]. 

In addition, for these two responses (growth and 
PR) none of the tamoxifen derivatives studied block- 
ed the estrogenic effect provoked by estradiol itself. 
It is to be remarked that in the uterus the trophic 
effect of the anti-estrogens can be additive to that 
provoked by the hormone; this was observed parti- 
cularly with 4-hydroxy~moxifen. 

Another im~rtant point of the anti-estrogen res- 
ponse is when the same biological response is com- 
pared in in uivo experiments or in vitro (organ or cell 
culture). Tamoxifen acts as a partial agonist in the 
stimulation of PR in the fetal uterus when this 
compound is administered to the pregnant guinea- 
pig. However, tamoxifen inhibits the synthesis of PR 
in the in vitro studies. The antagonistic effect is 
observed particularly with 4-hydroxytamoxifen, 
which can also block the effect provoked by 
estradiol, as was demonstrated in the fetal uterine 
cells in culture (Fig. 6B). 

A series of studies in our laboratory showed that 
the extent of activation of the tamoxifen-estrogen 
receptor complex was always lower as compared 
with the estradiol-estrogen receptor complex. The 
data suggest that activation of the estrogen receptor 
by tamoxifen is partially impaired. A lower binding 
of the estrogen receptor to DNA-cellulose and to 
nuclei when it is bound to an anti-estrogen rather 
than estradiol has also been reported by other 
authors [28,29]. 

Tables 1 and 2 summarize the effect of tamoxifen 
and its derivatives in the different conditions studied. 

What are the factors and/or the mechanisms which 
are involved in these differences of the anti-estrogen 
action? At the moment there is no clear reply to the 
phenomenon, but we can suggest that the factors 

Similarly, the estrogen receptor interacted less 
with the monoclonal antibody D547 when it was 
bound to tamoxifen than when it was bound to 
estradiol[7]. This fact may reflect either the smaller 
proportion of activated complexes as a result of an 
impaired activation of the tamoxifen-estrogen 
receptor complex or a different conformation of the 
receptor induced by tamoxifen which alters the 
interaction of this complex with the monoclonal 
antibody. This monoclonal antibody could detect no 
differences in the estrogen receptor from human 
breast tumors when complexed with estradiol 
or monohydroxytamoxifen [30]; however, other 
monoclonal[31] or polyclonal[32] antibodies were 
able to show differences between the estrogen 
receptor bound to an anti-estrogen or to an estrogen. 

These observations suggest that tamoxifen and 

Table 1. Effect of anti-estrogens in the fetal uterus of guinea-pig in different experimental conditions 

Treatment Effect PR 

TAM 
Growth 

I$& 

DNA/organ 
++ 

[3H~hymidine 

inco~orati~n 

f 

(A) Organ culture 

(B) Cell culture 

TAM 

4-OH-TAM 

TAM 
4-OH-TAM 

TAM+E, 

$-OH-TAM + EZ 

No effect 

No effect 

No effect 
No effect 

No effect 

No effect 

No effect 

No effect 

No effect 
No effect 

No effect 

No effect 

Inhibits by 50% of 
control values 

Inhibits almost 
completely the 
control values 

Inhibits almost 
completely the 
control values 

Ez overcomes the 
TAM inhibition 

4-OH-TAM antagonizes 
Ez stimulation 

PR: progesterone receptor; TAM: tamoxifen; 4-OH-TAM: 4-hydroxytamo~fen; E, : estradiol. Effect: +++ very intense; 
+t intense; + moderate. 
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estradiol affect the estrogen receptor differently. 
This fact may account for the different biological 
responses elicited by tamoxifen and estradiol [ 171. 

All this information, and the previous studies 
‘which showed that tamoxifen can block the stimula- 
tory effect of estradiol in the acetylation of nuclear 
histones [33] or antagonize the negative effect pro- 
voked by estradiol in the cell population of the fetal 
thymus [34] lead to the conclusion that the 
mechanism of action of “anti-estrogens” is a very 
complex problem which needs substantial com- 
plementary information. 
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