
oestrogen formation in pre- and postmenopausal
patients like luteinising hormone-releasing hormone
(LH-RH) agonists and aromatase inhibitors, respec-
tively, became available for the treatment of advanced
breast and endometrial cancers. The ®rst generation of
aromatase inhibitors were not speci®c and, therefore,
toxic. Today, a number of potent and very selective
aromatase inhibitors are available. There is renewed
interest in anti-oestrogens, now called selective oestro-
gen receptor modulators (SERMs), without uterine
side-e�ects, being anti-oestrogenic in the breast but
oestrogenic in the bone and cardiovascular system. New
hormonal developments for after 2000 are pure anti-
oestrogens, antiprogestins, somatostatin analogues and
LH-RH antagonists.
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Molecular mechanisms of oestrogen Ð the gynaecologists' viewpoint

A. Vashisht *, J.W.W. Studd

Chelsea and Westminster Hospital, London SW10 9NH, UK

The use of oestrogen as a hormone replacement
therapy (HRT) for postmenopausal women is increas-
ing. There are known bene®ts of relief of climacteric-
related mood and vasomotor symptoms and there is
protection against osteoporosis and cardiovascular
disease. The applications of oestrogen are limited by the
need for a progestagen in non-hysterectomised women,
and by women's dislike of uterine bleeding, and fear of
breast cancer. Molecular biology perhaps holds the key

for widening the clinical use of HRT. By studying the
molecular actions of oestrogen, compounds are being
developed that will mimic its action while avoiding the
unwanted e�ects associated with conventional therapy.
Nuclear hormone receptors are transcription factors

that can initiate or amplify the transcription of genes
that are hormonally responsive. The oestrogen receptor
(ER) protein consists of 595 amino acids, and is
separated into six functional domains. Each domain is
responsible for di�erent functions: binding hormones,
binding hormone response elements, or containing
transcription activation functions, to initiate gene
transcription.
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A second oestrogen receptor, ERb, was discovered in
1996. It exhibits separate oestrogen binding a�nities
from the ERa receptor, and the two receptors are
expressed in di�erent amounts in di�erent tissues.
Oestrogens are rapidly absorbed by the gastro-

intestinal tract, skin, mucous membranes and after
parenteral injection. On arrival at a tissue, oestrogen
di�uses into a cell and binds to a nuclear receptor. Heat
shock proteins dissociate, inducing a con®gurational
change in structure. The receptor dimerises. If the cell
has a receptor molecule present, and has a DNA
sequence responsive to the oestrogen, then the tissue
will produce a response. The rate of transcription of
target genes will be a�ected. For example, in the uterus
and breast, there is increased cellular proliferation.
Numerous studies show a cardiovascular morbidity

and mortality reduction in response to oestrogen
therapy. Oestrogen decreases serum total cholesterol,
low-density lipoprotein (LDL) cholesterol, and increases
high-density lipoprotein (HDL) cholesterol and triglycer-
ide [1]. This occurs as a result of ER-mediated e�ects on
the hepatic expression of apoprotein genes. Similarly
coagulation proteins are regulated by oestrogen: plasma
®brinogen, protein S and antithrombin III are all
reduced.
Oestrogen increases vasodilation. This e�ect is mani-

fested over a few minutes and is a non-genomic
response. Increased levels of nitric oxide are achieved. It
is postulated that some form of oestrogen receptor is
activated that has a direct e�ect on nitric oxide syn-
thase. Oestrogen also inhibits the response of blood
vessels to injury, and inhibits atherosclerotic plaque
build-up. These e�ects occur as a result of altered gene
expression, and consequently take longer to become
established.
Oestrogen exerts both genomic and non-genomic

e�ects on the central nervous system (CNS). Oestrogen
receptors have been located in the hypothalamus, cor-
tex, pituitary and limbic system [2]. Here, oestrogens
e�ect changes in the production of a variety of neuro-
transmitters and neuropeptides. They may also a�ect
the number of neurotransmitter and neuropeptide
receptors, amplifying signal transduction.
Oestrogen increases noradrenaline activity by

decreasing its uptake and by decreasing monoamine
oxidase. Similarly, levels of serotonin are increased.
This is important in elevating mood. Acetylcholine
synthesis is increased by oestrogen-mediated upregula-
tion of choline acetyl-transferase, which may play an
role in improved memory function. It has also been
implicated in the aetiology of Alzheimer's disease.

The menopause causes an increase in bone turnover,
with resorption outpacing formation. The consequent
loss of bone leads to a weakening of bone architecture,
and a susceptibility to fracture. Oestrogen is known to
slow this task, and may have an anabolic e�ect on bone.
ERs have been identi®ed in osteoblasts. ERs have been
found on osteoclasts, although there is no evidence of
changes in cell response on exposure to oestrogens. It
might be that osteoclasts receive signals from activated
osteoblasts to mediate their activity. Oestrogen also
inhibits locally acting cytokines such as interleukin
(IL)-1 and IL-6, which promote osteoclast activity.
Type I anti-oestrogens are analogues of tamoxifen;

type II are the pure anti-oestrogens. Both competitively
inhibit the binding of oestradiol to the ER. Type I anti-
oestrogens appear to form a receptor complex that is
incompletely converted to the fully active form and is,
thus, only partially active in initiating gene activation.
Another postulatedmechanism is that the anti-oestrogen-
ER complex, unable to bind to the oestrogen-response-
element, will instead bind to an anti-oestrogen-
response-element (AERE) in the promoter region, and
hence initiate gene transcription via a separate route [3].
Type II anti-oestrogens bind to newly synthesised ERs
in the cytoplasm, preventing their transport to the
nucleus. This complex is then destroyed, preventing
oestrogen-dependent function. They have been pro-
posed as drugs that might be useful in treating oestro-
gen-dependent tumours. Selective oestrogen receptor
modulators (SERMs) have been developed that have
oestrogenic e�ects on the bone and cardiovascular system,
and anti-oestrogenic e�ects on breast and uterine tissue.
Oestrogens have a wide range of activity. One oestrogen

has di�erent e�ects in di�erent tissues and two oestro-
gens can have similar e�ects in one tissue, but opposite
e�ects in another. The distribution and localisation of
di�erent receptors, the activation of di�erent hormone-
binding domains, and hence the interaction of tran-
scription factors and coactivators determines an agonist,
antagonist or mixed response. The goal of attaining the
`ideal oestrogen' is becoming an increasing reality.
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