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AGONISTIC AND ANTAGONISTIC EFFECTS OF ANTIESTROGENS IN
DIFFERENT TARGET ORGANS

LAURI KANGAS

Antiestrogens block by definition specifically the actions of estrogens. In the classical uterotropic
assay in immature rodents, where estrogens cause fluid retention and cell proliferation, triphenylethyle-
nes have also species-specific estrogen-like (agonistic) effects. 4-hydroxylated triphenylethylenes have in
general less estrogenic properties than unhydroxylated ones, and 1CI 164,384 has no estrogenic activity
in this model. Uterus responds to estrogens by stimulation of cell proliferation. Some other tissues, like
breast, liver, and bone respond by regulation of specific protein synthesis. Some of the proteins act as
growth factors, and some have unknown functions. The regulation of gene expression is a complex
phenomenon: estrogens may turn the responsive gene on or off. Similarly antiestrogens may participate
in the gene regulation by mimicking or antagonising estrogen-like actions. This paper summarizes the
estrogenic and antiestrogenic effects of classical and new antiestrogens in different tissues.
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Estrogens bind to specific estrogen receptors (ER), and
as receptor complex to estrogen responsive elements (ERE)
in chromatin, where they act as one of the transcription-like
factors regulating gene expression (1, 2). Estrogen receptors
are found in estrogen target tissues. Other tissues are
thought to be non-responsive to estrogens. High ER con-
centrations are typically found in mammary gland, en-
dometrium, and hypothalamic area, but other tissues like
liver, immunoresponsive cells and certain cancer tissues also
contain measurable concentrations of ER (3).

Antiestrogens, by definition, block the action of estro-
gens. However, most known antiestrogens have also ago-
nistic properties which typically are both species and tissue
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specific (4). One can therefore expect that the regulation of
estrogen response is complex. The complexity is due to the
interactions of several proteins at the regulatory areas of
estrogen responsive genes. Some of these proteins have
inhibiting or masking and some have activating effect on
transcription (1, 5). In addition, estrogens and antiestro-
gens indirectly affect cell proliferation and cell metabolism
via growth factor stimulation or inhibition or via unknown
mechanisms.

Binding of estrogens and antiestrogens to ER and ERE

Typically antiestrogens are bound to ER competitively
with estradiol although the binding affinity may vary. The
antiestrogen-ER complex is activated by all antiestrogens.
Tamoxifen, toremifene, most of their metabolites and
derivatives, as well as raloxifene-ER complexes are bound
to ERE specifically; apparently to the same site as estradiol-
ER complex (6). However, a new completely pure antiestro-
gen, ICI 164,384, after attaching to ER, prohibits binding
of the complex to ERE and causes rapid loss of ER (7, 8).
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Table 1

Relative estrogenic potency in the rat uterus of some
well-known antiestrogens

Hormone Relative estrogenicity
Estradiol +++

Tamoxifen ++

Toremifene +(+)
4-hydroxytamoxifen +

Raloxifene +

Droloxifene +

ICI 164,384 -

Effects of antiestrogens in the uterus

Mouse and rat are the commonly used target species for
studying the estrogen and antiestrogen-like actions of
different compounds. Estradiol induces in three days an
easily demonstrable uterotropic effect (fluid retention and
cell proliferation) in about 20-day-old rodents (9). Pure
antiestrogen (e.g. ICI 164,384) inhibits this effect without
causing any uterotropic effect. Most known antiestrogens
block the uterotropic action but have variable intrinsic
estrogenic action as shown in Table 1. Triphenylethylene
antiestrogens have more estrogenicity in mice and dogs
than in rats. However, the estrogenicity of tamoxifen and
toremifene in long-term administration to mice is markedly
diminished (10, 11). In humans tamoxifen and toremifene
are able to oppose the estrogen-induced vaginal cornifica-
tion index (12). As in rats, both compounds have weak
intrinsic estrogenic effect in the vaginal mucosa of post-
menopausal women,

Effects of antiestrogens in the liver

Liver is not considered to be a target organ for estrogens.
This is probably true as regards cell proliferation. However,
estradiol is known to influence the synthesis of several
proteins in the liver; probably the best known of these in
human is SHBG, which binds estradiol with high affinity
and keeps the concentration of circulating free estradiol low
(13). Estrogens also participate in regulation of synthesis of
cortisol binding globulin, antithrombin III, ceruloplasmin
and plasma renin substrate (14). Diethylstilbesterol (DES),
tamoxifen and toremifene increase slightly the serum con-
centrations of ASAT and ALAT. DES induces clearly
ceruloplasmin and plasma renin substrate synthesis, but
tamoxifen and toremifene have no effect on these proteins.
In the liver tamoxifen and toremifene on the other hand
increase the nuclear ER concentrations—an effect which is
not seen with DES (14).

In humans tamoxifen and toremifene increase signifi-
cantly SHBG-concentrations in postmenopausal women,
but on the other hand antithrombin III levels decrease (15,
16). There are no available data of pure antiestrogens on
the liver protein synthesis.

Long-term toxicity studies in rats have revealed an
unexpected carcinogenic potential of tamoxifen. Although
tamoxifen and toremifene seem to have similar estrogeni-
city in the liver (14), this carcinogenic potential was not
seen with toremifene (Hirsiméki et al., unpublished study).
Tamoxifen but not toremifene, induces production of cy-
tochrome P448-type enzymes in the liver. Oxidative stress,
as well as inhibition of cholesterol biosynthesis with accu-
mulation of cholesterol intermediates have been suggested
as a mechanism for the carcinogenicity of tamoxifen (17).
The latter explanation is highly interesting as the first
clinically tested triparanol (MER-29) caused similar effects
on cholesterol metabolism (18). Several enzymes of choles-
terol biosynthesis are inhibited by antiestrogens and it is
tempting to speculate that this effect is not mediated by
estrogen receptors (19).

In the liver the effects of estrogens are specific, but
diverse. Triphenylethylene antiestrogens have partly antag-
onistic, partly estrogen-like actions, and partly actions
which are not related to estrogens.

Effect of antiestrogens on bone

The physiological effect of estrogens in the bone is most
clearly visible during the menopause: formation of the
bone does no more increase, but resorption of the bone
continues at almost the same rate as premenopausally (20).
This changes the balance of bone metabolism towards
osteolysis. Similar bone loss is not seen in men which
further stresses the importance of estrogens in bone
metabolism. By antagonizing estrogen action antiestrogens
should increase the bone loss. However, women who re-
ceive tamoxifen therapy for breast cancer seem to lose
bone density at slower rate or not at all when compared to
a control population (21, 22). This refers to an estrogen-
like effect of partial antagonists in the bone. Similarly, in
long-term toxicity studies in mice tamoxifen and
toremifene induce trabecular bone formation (23) and
tamoxifen preserves bone in rats after ovariectomy (24).

The bone metabolism is complex: osteocytes take care of
the bone formation and osteoclasts of bone resorption.
Either of these cells do not have measurable ER, although
technical problems may jeopardize receptor determinations
in these cells (22). The indirect antiestrogenic effects there-
fore dominate. Tamoxifen and toremifene increase the
secretion of transforming growth factor beta (TGFf) (25),
which stimulates extracetlular matrix synthesis and upregu-
lates e.g. collagen type I and PDGF synthesis in the
stromal cells of the bone. Similarly insulin-like growth
factor (IGF I and II) concentrations are increased by
estrogens. These factors stimulate cell proliferation, in-
crease collagen synthesis and decrease collagen degrada-
tion (26). The net effect of estrogen stimulation in the bone
therefore favors bone formation. On the other hand estro-
gens may also induce PDGF, which among other effects



EFFECTS OF ANTIESTROGENS

stimulates osteoclast activity and bone resorption. It is,
however, interesting that PDGF may stimulate TGFg
secretion in bone tissue culture (27). The role of osteoclasts
is therefore highly interesting: being capable of producing
TGFB in acidic environment, they may stimulate extracel-
lular matrix synthesis in the stromal cells. The bone saving
effect of estrogens in postmenopause is probably stronger
(osteoblast activation and increase of bond density) than
that of tamoxifen and toremifene (inhibition of resorption
probably due to osteoclast inhibition). On the contrary,
pure antiestrogens very probably induce bone resorption
by blocking all estrogen-like effects.

Immunologic effect of antiestrogens

Autoimmune diseases are more common in females than
in males. In autoimmune NZB/NZW female mice testos-
terone treatment and ovariectomy markedly reduce the
signs of the autoimmune syndrome and increase the life
span (28). Tamoxifen and toremifene have similar effect
(29) when given chronically. The net effect of tamoxifen
and toremifene therefore seems to be antiestrogenic in
autoimmune mice. However, they do not inhibit NK-cells
or their activation by interferon (29), although estradiol
clearly suppresses both basal NK-cell activity and inhibits
interferon activation. Toremifene and tamoxifen have no
major effects on the immunological status of breast cancer
patients (30, 31). Estrogens and antiestrogens regulate
certain immunological functions. However, more data are
needed to make any conclusions about their net effects in
breast cancer patients.

The properties of antiestrogens in different tissues are
summarized in Table 2.

Table 2

Summary of estrogenic, partial antagonistic and pure antagonistic actions of estradiol
and different antiestrogens in different tissues
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