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Editorial
Many important molecules have a dual role in the human body. As a

key representative, 17β-estradiol (E2), a fundamental steroid hormone,
has diverse physiological functions in different parts of the body, while
its cellular proliferation or mitogen role is somehow implicated in the
induction and promotion of cancinogenesis. E2 actions in the
reproductive system are via the classic mechanism, which is a nuclear
receptors-involved genomic-associated pathway, to affect the
expression of target genes. Recent years, the fact that estrogens
function in other systems such as brain, especially via non-genomic
pathways, has drawn attention.

Recently, a French population-based prospective study including
more than 5,000 postmenopausal women aged 65 years or older
investigated the association of endogenous estrogen (total- and
bioavailable-E2) with the 4-year incidence of all-cause dementia [1].
They found that high E2 level is an independent predictor of incident
dementia, particularly in postmenopausal women with diabetes; total
and bioavailable-E2 showed similar results but not testosterone.
Interestingly values of E2 in the lower quartile were also associated
with dementia and Alzheimer’s disease (AD), indicating there is a
significant role for estrogen at both physiological and pathological
levels in the brain and dementia development.

This investigation is consistent with the recent reports that
postmenopausal women treated with a lower dose of E2 showed
improvement in learning and memory functions [2,3]. E2 is made in
adipose, brain and other tissues in the postmenopausal women via
aromatase [1,4,5]. It has been shown that blockage of estrogen
syntheses impairs cognitive function in breast cancer patients that have
been treated with an aromatase inhibitor [6]. In addition, increasing
data from experimental animals have demonstrated that estrogen has a
neuroprotective role in the brain [7]; estrogen also modulates neuronal
synaptic plasticity via multiple mechanisms, such as facilitating long-
term potentiation (LTP) and increasing spine numbers in
hippocampus [8-10].

Classic steroid signaling is the widely accepted mechanism by which
estrogens exert their biological effects via binding and activating
nuclear estrogen receptor alpha (ERα) and beta (ERβ), which result in
alterations in gene transcription and protein synthesis [11,12].
Disruption of the ERα (esr1) in humans is not lethal but confers a
profoundly estrogen-resistant state [13,14]. A young woman with a
homozygous esr1 missense mutation in a highly conserved Gln residue
within the ligand-binding domain of ERα showed abnormalities
mainly in the reproductive system, such as persistently elevated serum
estrogen levels, mildly elevated gonadotropin levels, and intermittent
pelvic pain caused by hemorrhagic ovarian multicysts, as well as no
breast development [14]. This case report indicates that ERα acts

primarily in the reproductive system in women, and that ERβ is not a
substitute on ERα, even though ERβ is expressed in breast and other
tissues, in many cases there is an opposite role or yin-yang relationship
between these two receptors [15-17].

Notably the multiple ovarian cysts and elevated serum testosterone
suggest that the woman is a polycystic ovary syndrome (PCOS)
patient, the cause and mechanism of the disease is currently unknown.
In addition to the mildly elevated levels of gonadotropins, probably the
dramatically high levels (10 times) of estrogens and other ER or
receptor-like partners cannot be excluded, since ERβ and newly
identified 3rd estrogen receptor, the membrane G protein coupled
receptor (GPR30) are expressed in the ovaries [18-20]. This
consideration is an agreement of the animal study that demonstrated
both elevated LH and ERβ are required for the formation of ovarian
cysts [21]. Furthermore, it is not sure the bilateral painful hemorrhagic
ovarian cyst is a potential vascular/circulatory problem in this patient,
as high levels estrogen may affect bleeding/coagulation, and other ers1
mutations have shown dysfunctional epithelium and early
cardiovascular disease [5]. Similarly, hemorrhagic cysts have been seen
in the ovary of ERα knockout mice [21,22], which suggest that esr1 is a
causative gene for PCOS, and provide a useful animal model for
human polycystic ovary syndrome.

In both cases, esr1 mutations result in low bone mass (man and
woman) [13,14], which indicates an important role for estrogen
signaling in bone maturation and metabolism. Differentially from
women, men with esr1 mutation also showed impaired glucose
tolerance, and hyperinsulinemia, as well as increased body weight
(body mass index >30), suggesting abnormal glucose metabolism, and
estrogen’s effect on energy homeostasis may be sex different [13,14,23].

It is interesting to note that a typical patient is as a good textbook, in
which we can learn something, the exquisite hormone feedback
mechanism has been shown clearly in these ers1 mutant patients
[13,14]. The increased serum gonadotropins (FSH and LH) exist in
both cases of man and woman, indicating that the estrogen positive
feedback on the hypothalamus and pituitary for gonadotropin
production is dominant in such patients with esr1 function-loss
mutations. The precise mechanisms are unclear but probably ERβ
and/or other interaction partners underlie this estrogen function. On
the other hand, the negative feedback of the estrogen may be mainly
ERα-mediated. Interestingly this analysis or concept is supported by
recent animal studies, in which increased estrogen induced an ERβ-
dependent GnRH secretion (positive feedback), while ERα is essential
for negative feedback and ERβ only had a modulatory role for the
negative feedback [24,25].

As new techniques and methods are developed and applied in the
biomedical field, more functions or pathways of estrogen and its
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receptors may be explored. Some functions may be separated from its
classic partner, i.e. small molecule estrogen can pass most cellular
membranes including the mitochondria by passive diffusion, and have
actions without its classic receptors in some cases. Also, ERs may have
a function that is independent of binding its ligand, E2. Very
surprisingly, optogenetic manipulation has shown that Esr1+ neurons
in the murine ventromedial hypothalamus are sufficient to initiate
attack behavior in male mice [26]. Furthermore, weaker optogenetic
activation of these neurons promoted mounting behavior, rather than
attack behavior, towards both males and females, as well as sniffing and
close investigation [26]. The anatomical, physiological, pathological
circuits and significance of this new esr1 action are worthy further
investigation. It is more likely connected to some pathological
conditions rather than physiological levels since the manipulation may
cause much more genes expression than Esr1 and c-Fos. Regardless it
indicates that estrogen/estrogen receptor is strongly involved in
behavioral and societal regulation.

Esr1 mutations in young people are rare, however the genomic
instability is commonly seen in patients with cancer and some other
diseases. It has been shown that mitochondrial dysfunction leads to
nuclear genome instability by inhibiting the production of iron-sulfur
cluster-containing proteins [27]. Estrogen and E2-assiciated receptors/
proteins/peptides can be found in mitochondria, the powerhouse of
the most cells, and they have broad effects on the organelles, such as
biogenesis or mitochondrial protective role [28-30]. Interestingly esr1
mutations were recently found in patients with metastatic ER-positive
breast cancer [31,32]. Importantly, some mutant receptors drive ER-
dependent transcription and proliferation in the absence of hormone
and reduce the efficacy of ER antagonists [31], indicating a new
mechanism for clinical resistance to hormonal therapy, and it suggests
that more potent ER antagonists are needed for such group of cancer
patients.

The Esr2 mutations with a strong reproductive phenotype have not
been reported. However, Esr2 mutations or polymorphisms may be
associated with cardiovascular diseases and metabolism disorders,
such as dyslipidemia [33,34]. It has been suggested that homozygotic
mutation of the Esr2 gene is an independent risk marker for premature
coronary artery disease [33].

The developmental and physiological roles, as well as the
pathological effects of estrogen are mediated by estrogen receptors as
mentioned early. Traditionally, regulation of expression of various
cellular genes is the most important component of estrogen and ER
action through the estrogen response element (ERE), this genomic
pathway of estrogen action usually takes several minutes to hours to
days. Recent years, the rapid actions of estrogen have become to a hot
theme to pursue [35-37]. It normally occurs in the cells in a very short
time, such as milliseconds to minutes. In contrast to the classical
signaling of estrogen, it is called non-genomic mechanism; in fact it
also induces genomic changes in some cases, further indicating the
broad role of the hormone in the mammalian and human body.

This rapid action of E2, can be mediated by its known receptors
ERα, ERβ and GPR30 [10,35,36,38,39]. Although these receptors can
be found in the plasma membrane, their expression is predominantly
in the cytoplasm, nuclear or endoplasmic reticulum, respectively
[36,40]. Their involvement for the E2 fast action is controversial as a
major route, and thought to be the less economical pathway.

Accumulated evidence has indicated that a new G protein coupled
membrane receptor exists in the brain and other tissues/cells, and it

can be mimicked by STX, but not other three ER agonists [37,41-44].
The identifying of this new membrane receptor or receptor-like
protein(s) will provide new insights for estrogen signaling, especially in
regards to the recently recognized rapid actions of estrogen.
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