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Sex steroids have been widely described to be associated with a number of human diseases, including
hormone-dependent tumors. Several studies have been concerned about the factors regulating the avail-
ability of sex steroids and its importance in the pathophysiological aspects of the reproductive cancers in
women. In premenopausal women, large fluctuations in the concentration of circulating estradiol (E2)
and progesterone (P4) orchestrate many events across the menstrual cycle. After menopause, the levels
of circulating E2 and P4 decline but remain at high concentration in the peripheral tissues. Notably, there
is a strong relationship between circulating sex hormones and female reproductive cancers (e.g. ovarian,
breast, and endometrial cancers). These hormones activate a number of specific signaling pathways after
binding either to estrogen receptors (ERs), especially ERa, ERa36, and ERb or progesterone receptors
(PRs). Importantly, the course of the disease will depend on particular transactivation pathway.
Identifying ER- or PR-positive tumors will benefit patients in terms of proper endocrine therapy. Based
on hormonal responsiveness, effective prevention methods for ovarian, breast, and endometrial cancers
represent a special opportunity for women at risk of malignancies. Hormone replacement therapy (HRT)
might significantly increase the risk of these cancer types, and endocrine treatments targeting ER signal-
ing may be helpful against E2-dependent tumors. This review will present the role of sex steroids and
their receptors associated with the risk of developing female reproductive cancers, with emphasis on
E2 levels in pre and postmenopausal women. In addition, new therapeutic strategies for improving the
survival rate outcomes in women will be addressed.

� 2016 Elsevier Inc. All rights reserved.
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1. Introduction

1.1. General overview of sex steroids and their receptors

Estradiol (E2) and other sex steroid hormones circulate in the
bloodstream specially bound to sex hormone-binding globulin
(SHBG), a well-described glycoprotein synthesized by the liver
[1,2]. The bioavailability of E2 to target cells is strictly related to
SHBG. Sex steroids and their receptors have a profound involve-
ment in diverse human diseases, including hormone-dependent
tumors [3,4]. Estrogens promote physiological actions after bind-
ing to their estrogen receptors (ERs) subtypes (ERa and ERb). These
receptors belong to the family of ligand-activated nuclear recep-
tors. ERa is highly expressed in bone, reproductive organs, kidney,
liver, and white adipose tissue, whereas ERb is expressed in the
prostate, ovary, bladder, uterus, and the central nervous system
[5]. ERs share important domains with other members of the fam-
ily, and N-terminal A/B domain is a specific region that confers
direct actions on target genes. Notably, this region is responsible
for the activation function-1 (AF-1) that is ligand independent,
and promotes distinct cellular activities. The central C-domain is
highly conserved in both ERa and ERb, and presents a DNA binding
domain, which leads to receptor dimerization. The C-terminal E-
domain represents the ligand binding domain (LBD) that contains
AF-2 region, and ERa and ERb display a 59% conservation [6]. ERs
act as dimers to regulate gene transactivation, and this event is
mediated by a synergic function between AF-1 and AF-2. Unlike
ERa, ERb seems to have a weaker AF-1 function and is more depen-
dent on the ligand for transactivation [7]. ERs can be activated by
numerous ligands including ER activators such as tamoxifen and
raloxifene, ERb agonist diarylpropionitrile, ERa agonist propylpyra-
zole-triol, and other molecules [8]. Importantly, the estrogen
response occurs after binding of ER to estrogen-responsive ele-
ments (EREs) followed by nuclear activation complex for the tran-
scription of target genes. Estrogen can also exert their effects via
non-genomic signaling through cell membrane ERs, which are reg-
ulated by downstream signaling molecules such as mitogen-acti-
vated protein kinase (MAPK), and protein kinases A and C [6].

The progesterone (P4) actions are dependent on progesterone
receptor (PR), a member of the family of nuclear hormone receptor
[9]. Essentially, PR is described with two isoforms, being the N-ter-
minal-truncated A (PRA) and the full length B (PRB) [10]. In general
reproduction, the progesterone responses are related to PRA in
females, and conversely, PRB is essential for regulating normal pro-
liferative responses [11]. P4 binding to PR elicits a structural
change resulting in segregation of heat shock proteins, followed
by dimerization, and binding to specific DNA promoter sites as
P4 response elements. This process requires the participation of
proper co-activators leading to transcriptional activation or repres-
sion [12].

Testosterone (T) acts through classical and non-classical
signaling [13]. Although the well-known nuclear/cytosolic andro-
gen receptor (AR), which works as a ligand-activated molecule,
the involvement of AR in the non-genomic pathway remains
controversial [13]. While a number of studies showed the main
role of the nuclear/cytosolic AR in both classical and non-classical
signaling pathways [14,15], others evidenced a membrane-bound
receptor from the GPCR family, as mediator of T-induced effects
in different tissues and tumor cells [16–18].

1.2. Sex steroids in pre and postmenopausal women

In premenopausal women, E2 is largely produced by the granu-
losa cells of the ovarian follicle, and aromatase CYP450 enzyme is
responsible for the conversion of T and androstenedione into E2
and estrone, respectively. The production of E2 is cyclical and reg-
ulated by feedback control to follicle-stimulating hormone (FSH),
with fluctuations in the concentrations of E2 and P4 throughout
the menstrual cycle during follicle development [19]. The expres-
sion of aromatase is common in peripheral tissues such as skin
and adipose tissue, where activity is modulated by other signals
including c-AMP, prostaglandins, and glucocorticoid [20]. After
menopause, E2 and P4 output from ovaries decline, but the produc-
tion of circulating E2 remains in the peripheral tissues. The concen-
tration of E2 is not subject to large fluctuations in postmenopausal
women [21], being fairly constant and low (10–60 pmol/l) in com-
parison to those observed in younger women (70–1500 pmol/l).

T is produced by the ovary, adrenal gland, and through periph-
eral conversion of androstenedione. Despite T decrease with aging,
their levels do not appear to be severely affected by menopause
[22]. In the early 1940s, T was reported to restore libido and ame-
liorates menopausal symptoms [23]. Recently, evidences have
emerged on the hypothesis that the decline in T levels is linked
to a decrease in libido, quality of life, and worse moods [24], and
further exogenous androgens replacement associated with E2 can
improve the symptoms affecting sexual function and related disor-
ders [25].

Despite conflicting results, most postmenopausal women pre-
senting high levels of hormones including E2, T, and estrone are
at potential risk of developing ovarian, breast, and endometrial
cancers (Fig. 1). Regarding tumor microenvironment, we also need
to consider that external sources of estrogen and aromatase can
drastically affect prognosis, especially in obese patients. In this
line, adipose tissue inflammation associated with the recruitment
of immune cells (e.g. macrophages) can favor the local production
of estrogens in breast tissues, and it is possible that these effects
may also be recognized in tumor-associated macrophages (TAMs)
related to high expression of aromatase [26–28].

1.3. Ovarian cancer

1.3.1. Different histotypes and the role of sex steroids
Ovarian cancer (OC) is the second most common and lethal

gynecologic malignancy. Due to its advanced stage at the moment
of diagnosis, OC presents with the highest mortality rate. About
90% of these subtypes are epithelial ovarian cancer (EOC), and
unfortunately, 70% are late diagnosed with widespread metastasis
[29]. Therefore, new therapeutic strategies and reliable screening



Fig. 1. Sex hormone profile in pre and postmenopausal women and the risk of
developing ovarian, breast, and endometrial cancers. E2: 17b-estradiol; T: testos-
terone; P4: progesterone; HRT: hormone replacement therapy.
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methods for diagnosis are urgently needed. OC includes different
histotypes with the most common being serous carcinoma, clear
cell, endometrioid, and mucinous. These subgroups of tumors
show distinct pathophysiological, genetic, and molecular compo-
nents of the OC disease [30].

Sex steroid hormones (E2, P4, and T) are involved in the etiology
of OC, and there are associations between altered reproductive pat-
terns affecting sex steroids and the development of OC. For exam-
ple, pregnancy as a protective factor and the use of oral steroids
may increase the risk related to HRT use [31]. Endogenous andro-
gen levels at the pre-diagnostic stage are associated with the risk of
OC [32]. Only one report shows P4 and E2 levels correlated with
the risk of OC [33]. This is likely due to the large intra-individual
changes of P4 and E2 during the menstrual cycle among pre-
menopausal women, in contrast to low concentrations in post-
menopausal women [34]. It has been recently demonstrated that
androgen concentrations positively correlated to the elevated risk
of developing serous and mucinous OC, whereas higher E2 levels
was related to endometrioid tumors. However, no relationship
between E2 and T and the risk of high-grade serous or clear cell
histotypes were observed [35]. High androgen levels in pre- and
postmenopausal stage correlate with the increased risk of OC initi-
ation. During menopause, the androgens are the main steroid
source produced by the ovaries and the incidence of OC is consid-
erably increased [36]. Non-epithelial OCs account for 10% of all
ovarian tumors [37]. They represent two major subtypes, the germ
cell and sex cord-stromal tumors [37,38]. While sex cord-stromal
tumors may appear in women at all ages [38] and show a median
age of 52 years at diagnosis, germ cell tumors appear predomi-
nantly in young women around 18–25 years old [39]. Recently,
epidemiological evidences reported that elevation in steroid levels
during pregnancy, particularly the androgens, may be a direct
cause of high risks of developing sex cord-stromal tumors. Concen-
tration of T, androstenedione, and 17-hydroxiprogesterone during
the early part of the last pregnancy and preceding OC diagnosis
was associated with tumor development [40]. Regarding all OC
malignancies, the sex cord-stromal tumors are steroid-producing
tumors and represent only 0.1% of the incidence rate [41]. These
OC subtypes include Leydig cell tumor, stromal luteoma, and ster-
oid cell tumor [42], and they produce hormones such as E2 and T;
and excess of E2 can lead to postmenopausal bleeding. After reduc-
tion surgery, the serum levels of T often decrease in approximately
25% of the steroid-producing tumors [43].
1.3.2. Sex steroid receptors and prognosis
The interplay between E2 and ERs has been considered as one of

the major causes of OC. Past studies have detected a dual expres-
sion of their isoforms ERa and ERb in normal ovary, whereas an
increase in ERa expression and the complete absence of ERb
expression were found in aggressive tumors [44]. Importantly,
the ERa is continuously expressed in approximately 70% of OCs,
and targeting this receptor represents a potential treatment for
these tumors [45]. In addition, ERb and PRs were identified in
approximately 75% and 20% of OCs, respectively [46]. There is a
positive correlation between ERa expression and levels of intratu-
moral TAMs, irrespective of menopausal status. This relationship
indicates that in ERa-positive OC, local E2 may affect the interac-
tion between cancer cells and stroma, further promoting TAM
accumulation [47]. Possibly, membrane-associated estrogen recep-
tors such as ERa46, ERa36, and G protein-coupled ER1 (GPER) may
also be involved in OC progression [48]. Fig. 2 illustrates some
genomic and non-genomic effects by which different steroid recep-
tors are potentially involved in the development of OC.

In ovarian tumor microenvironment, E2 stimulates cell prolifer-
ation, and its potential to be differentiated and transformed [49].
Furthermore, E2 plays a role in OC by preventing cell apoptosis.
In these cells, E2 upregulated bcl-2 gene and prevented tamoxifen
induced-apoptosis through ER [50]. In Caov-3 human ovarian can-
cer cells, E2 changed the effects of paclitaxel upon apoptosis and
reversed the reduction of cell viability [51]. Also, E2 increased
the onset of OC and decreased survival rate in a rodent model of
OC by changing the pathophysiology and distinctive papillary pat-
tern of tumors [12]. In contrast, patients with PR-positive OC
showed significantly more favorable prognosis than those with
PR-negative tumors [52]. It has been proposed that the loss of
ERb expression is an important mechanism in the development
of OC, and ERb expression appeared to be significantly higher in
early stages of OC rather than in advanced stages [53]. Moreover,
higher ERb expression was correlated with longer-free survival
rate [54]. While loss of ERb in OCs may be associated with malig-
nant phenotype, the expression of PR represents a good prognostic
biomarker. Regarding the expression of PRs, a recent meta-analysis
involving 35 different cases indicated better outcomes of OC after
elevation in the PR levels [55]. Interestingly, an OC consortium
study analyzed tissues from 2933 women with different tumor
subtypes and reported that PR expression improved survival rate
for high-grade serous OC and endometrioid carcinoma; however,
no correlation was observed for the other types [45]. These effects
may be attributed to the fact that PR stimulates apoptotic cell
death in OC cells, which could ameliorate the survival rate in PR-
positive tumors [56]. Additionally, the activation of nuclear PR by
progestins is able to upregulate the Forkhead-box transcription
factor (FOXO1), leading to induction of cell cycle arrest by increas-
ing cell cycle mediators of senescence [57]. Nevertheless, the status
of PR-positive tumor was considered to be an independent valu-
able tool of improved survival rate regardless of OC types. The
crosstalk between ER and PR has been widely described in gyneco-
logical tumors [58] and provides important information for ovarian
cancer outcomes. Escobar et al. [59] observed that low-grade ser-
ous OCs express higher levels of these receptors than high-grade
serous OCs (58% vs. 27% of ER and 43% vs. 17% of PR, respectively),
suggesting that low-grade serous OC may respond to chemother-
apy similarly to ER+/PR+ breast tumors [60]. It is quite difficult to
find a direct correlation between the histological subtypes of OC
and the expression profile of ERs and PRs. Therefore, additional
studies describing the relationship between sex hormone and ster-
oid receptors and the clinical aspects for individual histotype of
OCs are needed to make a better decision during the application
of an endocrine therapy.



Fig. 2. Possible genomic and non-genomic signaling pathways of T, E2, and P4 analogues in the OC cell. Subpopulations of the membrane-activated receptors, such as the
ERa36, PR, and GPER, can mediate rapid signaling via MAPK and PI3K-Akt pathways leading to cell proliferation and differentiation. Alternatively, E2 and P4 may activate
nuclear receptors (ERa and b or PRA and PRB) inducing dimerization and binding to the promoters of target genes. In OC cell, the complex E2 + ER is related to the acquisition
of malignant phenotypes, whereas P4 + PR complex appears to induce expression of apoptosis-related genes. MAPK: mitogen-activated protein kinase; ERK1/2: extracellular
signal-regulated protein kinases 1 and 2; E2: 17b-estradiol; T: testosterone; P4: progesterone; ERa and b, and ERa36: estrogen receptor subtypes; GPER: G protein-coupled
estrogen receptor 1; PRA and B: progesterone receptor subtypes; AR: androgen receptor; 5-Diol: D5-Diol; DHEA: dehydroepiandrosterone; ERE: estrogen response elements;
PRE: progesterone response elements; ??: unclear actions.
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1.3.3. Hormone replacement therapy and the risk factor for OC
Hormone replacement therapy (HRT) as a treatment for the

symptoms of menopause in women aged 50 years showed an
important increase in 1990s, but decreased significantly around
2000s, when the Women’s Health Initiative published the
increased risk of breast cancer, coronary heart disease, stroke,
and pulmonary embolism in women using HRT [61]. Current HRT
guidelines vary in what they say about ovarian cancer, but the
majority still consider that there is insufficient evidence about
the risks for this type of cancer. However, those guidelines were
published before the new study from the Collaborative Group on
Epidemiological Studies of Ovarian Cancer (CGESOC) analyzing
data from 52 epidemiological studies in different countries of Eur-
ope and North America. The CGESOC study finally showed an ele-
vated risk of developing OC in women who received HRT for
menopausal symptoms [62].

HRT can be administered as unopposed estrogens (estrogen
therapy – ET) or as an association between estrogens and proges-
terone (estrogen/progesterone therapy – EPT). There is a strong
relationship between unopposed estrogen therapy and increased
OC incidence [63–65], but it is still unclear if the combination
estrogen/progesterone plays a role in OC development. Although
a lower risk has been reported for OC development in women with
continuous progestin use [66], other studies showed an increased
OC risk in women who underwent continuous estrogen/progestin
therapies [67,68]. In fact, a large prospective analysis by Trabert
et al. [69] reported that long-term treatments with either unop-
posed estrogen or estrogen/progesterone increased the risk of
developing ovarian carcinoma, suggesting that the addition of pro-
gestin does not attenuate ovarian cancer risk, even with continu-
ous administration.

Recently, the CGESOC analyzed data from 52 epidemiological
studies from 1977 to 2013. The report showed that OC risk was
increased in women using HRT, regardless of the duration of treat-
ment, as even in users with less than 5 years of HRT use, there was
still a significantly increased risk of developing this cancer. The anal-
yses of former users of HRT showed that the risks decreased over the
years after the last dose, but even 10 years after ceasing therapy,
there still seemed to be an important risk. Importantly, the study
showed that no difference exists between the unopposed estrogen
and estrogen/progesterone therapies, both significantly increasing
the risks of developing OC. Interestingly, a substantial variation by
the tumor subtype was observed in this study: HRT increased the
two most common epithelial lesions, serous and endometrioid
tumors, and decreased the other two types, clear-cell andmucinous
tumors [68,70]. The findings about the increased risks of OC in
women using HRT, even with less than 5 years of use, are relevant
to review the current patterns of HRT use and should be considered
for medical advice and worldwide guidelines publications. How-
ever, note that HRT is a well used effective treatment for vasomotor
symptoms during the menopausal period and should be considered
being administered in its lowest effective doses [65].



Fig. 3. Most risk factors and therapeutics used in the treatment of OC.
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1.3.4. Endocrine therapy for OC
OC accounts for numerous deaths than any other female repro-

ductive cancer. Unfortunately, the American Cancer Society esti-
mated that about 22,280 new cases of OC will be diagnosed and
14,240 women will die of OC in the United States in 2016 [71].
The advanced stage of the disease at diagnosis and the develop-
ment of chemoresistance to standard chemotherapeutic regimens
(platinum- and taxane-based therapies) represent a big challenge
to treating ovarian cancer, contributing to its 5-year survival rate
that remains only at 45% [72]. The second-line treatment for recur-
rent OC is chosen based on initial response to chemotherapy, but
the majority of these patients will face multiple regimens of cyto-
toxic drugs such as gemcitabine or liposomal doxorubicin. These
chemotherapy options come with a number of adverse effects
and patients frequently die of progressive disease [73–75]. Block-
ing or altering the estrogen pathway has been described as a good
alternative for treating breast and uterine cancers and could also
represent an effective target for ovarian cancer due to low toxicity,
high acceptance and tolerability of anti-estrogen and aromatase
inhibitor therapies particularly in post-menopausal patients
[76,77]. Fig. 3 summarizes most OC risk factors and major thera-
peutic strategies.

For several years, second-line therapeutic alternatives with low
cytotoxicity have been studied. Antiestrogen compounds, such as
ER antagonists (e.g. tamoxifen, fulvestrant) and aromatase inhibi-
tors (e.g. letrozole, anastrozole, exemestane) are used to counteract
the ER-positive breast tumors. Thus, as both normal and neoplastic
ovarian tissues express ERs, these hormonal therapies could dis-
play some positive effect in OC. Tamoxifen is an estrogen agonist
that competitively binds to ER, blocking the effects of E2, thus pre-
venting pro-tumor signaling from ERa activation [78]. However,
some recent studies have described potential non-estrogen-depen-
dent mechanisms for tamoxifen, which are important for ER-nega-
tive OC. Tamoxifen therapy is able to cause cell cycle arrest by up-
regulating both p21 and p27 in ER-positive breast cancer cells [79].
In a recent study, tamoxifen induced cell cycle arrest by up-regu-
lating p16 and p21, and triggering apoptosis in an OC cell line
[80]. Despite promising effects in OC cell lines and xenograft mod-
els, the mechanism(s) of tamoxifen remains unclear in human OC,
and its use in patients did not reach desirable rates of responsive-
ness. Another anti-estrogen in use is the pure ER-antagonist fulves-
trant. Similar to tamoxifen, it has also been showed to induce cell
cycle arrest by induction of p27 in OC cells [81], but yielded low
response rates (mean 8%) with only 35% disease stabilization in a
small phase II trial [82]. The results on fulvestrant use have been
frustrating, although a recent study targeting the Src mitogenic
pathway related to cell proliferation and apoptosis in OC [83,84]
showed that the inhibition of this pathway reverted fulvestrant
resistance [81], thus, supporting new evaluations on the associa-
tion of antiestrogen with Src inhibitors.

Aromatase is a key enzyme responsible for converting
androstenedione into estrogen in different tissues. This protein is
highly expressed in muscle, fat, liver, brain, breast tissues, and
breast and ovarian cancers, and its estrogen production is the pre-
dominant source of the hormone in postmenopausal women
[85,86]. This in situ aromatization is the major source of estrogen
for tumor tissues, acting as an autocrine factor for cancer cell
growth and proliferation independent of circulating estrogen levels
[87]. Because aromatase is expressed in 33–81% of OCs [88,89], a
number of researches are evaluating the role of aromatase inhibi-
tors (AIs) for recurrent OC treatment. The most used component
of this class is letrozole, which is able to reduce estrogen produc-
tion by 90% in postmenopausal women and is reported to be better
than tamoxifen as a complementary therapy in breast cancer [90].
Note that a recent study by Hirakawa et al. [91] reported that letro-
zole decreased VEGF and MVD levels in ovarian cancer cells, thus
inhibiting angiogenesis, and consequently, decreased OC cell pro-
liferation. Importantly, a number of investigators have reported
that ER expression should be considered as a predictor for aro-
matase inhibitor response as they have had better responses in
patients with elevated levels of ER [91–93].

It is undisputed that estrogens have an important role in driv-
ing the proliferation of OC cells in xenograft models and cell cul-
ture [81,94–96]. ERa is a well-known nuclear receptor that acts
as a transcriptional factor for a number of genes regulating cell
proliferation and survival, which could facilitate tumor promotion
and progression [97]. A previous study showed that ERa
activation by either E2 or a receptor specific agonist induces cell
proliferation [77]. In addition, another study reported that this
effect is not observed when an ERb specific agonist is used
[5,81], evidencing that estrogens could favor OC development
through ERa-mediated effects. Because the activation of ERb by
a highly selective agonist led to inhibition of SKOV-3 OC cells
[98], it would be an interesting approach to target the ERa/ERb
balance in ER-positive subtypes of OC so that patients could take
the advantage of an association of ERa antagonists, ERb agonists,
and even aromatase inhibitors to increase their chances of an
effective treatment response.



Fig. 4. Important risk factors associated with the development of BC.
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1.4. Breast cancer

1.4.1. Risk factors and general aspects of sex hormone and steroid
receptors

Despite the remarkable progress in the treatment of breast can-
cer (BC) over the past decades, this disease is still one of the most
leading causes of death among women [99], and is certainly a pub-
lic health issue accounting for 25% of all cancers in females world-
wide [100]. Although the mortality rates are falling in most
European countries, as well as in South and North America [101],
the American Cancer Society estimated 246,660 new cases of inva-
sive and 61,000 in situ BC in 2016. As with other cancer types, the
best way to achieve success in BC treatment is early diagnosis, so
that several efforts are guided to the identification of risk factors.
Nonetheless, BC is a heterogeneous and complex disease and the
relative risk factors are still open for debates [102]. Fig. 4 highlights
some risk factors for BC, and as indicated, the hormonal influences
must be considered. Besides the hormonal status itself represent-
ing a strong factor for BC prognosis, the hormone receptor profiles
are growing in consensus and some studies have drawn attention
to this [103,104]. Thus, an elucidation on how the hormone/recep-
tor balance might interact is particularly relevant since over 30% of
BC patients show resistance to endocrine therapies [105].

Doisneau-Sixou et al. [106] reported the role of sex hormones in
the regulation of physiological functions of the reproductive and
non-reproductive systems, and pointed out that the development
and growth of mammary glands is closely linked to E2 and ERs.
Generally, estrogenic effects are induced by classical ligand-acti-
vated transcription factors through genomic pathways, including
ERa and ERb [107], but now, it has been already demonstrated that
non-genomic pathways are also relevant for mammary tissue
homeostasis [108]. ERa is also known as NR3A1 (nuclear receptor
subfamily 3, group A, member 1), and ERb, is the member 2 of this
group [109]. The proteins contain 595 amino acids and its gene is
located on chromosome 6, and 548 amino acids are located on
chromosome 14, respectively. The canonical ER pathway involves
estrogen binding to ERs which undergo conformational changes
[108]. The response to ER can also lead to transcription of genes
at non-ERE DNA binding sites [110], as well as estrogen response
may be triggered by truncated, splicing variant forms of ERa, such
as ERa46 and ERa36, predominantly membrane-based ERs that are
capable of mediating rapid estrogen-induced signaling pathways
[111]. These activations are now recognized as important
pathways regulating the estrogenic effects in BC, including cell
proliferation, metastasis and invasion.

Notably, ERs are not the only receptors related to breast tumori-
genesis, but also the following: PR, GPER, G protein-coupled ER
(formerly GPR30) [107], epidermal growth factor receptor (EGFR)
[112], and human epidermal growth factor receptor 2 (HER2)
[113]. These are the most important regulators during BC progres-
sion and diagnosis. In this context, breast cancers are often classi-
fied as luminal A, low proliferation rate (ER-a positive, PR
positive); luminal B, high proliferation rate (ERa positive, PR posi-
tive); HER2 overexpressing and triple negative BC, meaning that
they are absent for ERa, PR and HER2 [114,115]. It would be more
plausible to consider the tumor microenvironment as well as other
receptor patterns to achieve a more accurate classification. BC
patients are frequently separated in ERa negative and ERa positive
breast cancers. Recently, a study conducted by Zhang et al. [116]
showed that nearly 70% of BC are ERa positive which could explain
some of the beneficial effects achieved with adjuvant drugs during
treatment, which include selective estrogen receptor modulators
(SERMs; i.e. tamoxifen), selective ER downregulators (SERDs; i.e.
fulvestrant), aromatase inhibitors (AIs) (i.e. anastrazole) [108]. Fur-
thermore, estrone, E2, and many xenoestrogens such as phytoe-
strogens, environmental and pharmaceutical estrogens, can
trigger specific estrogen-related responses. Nonetheless, intrinsic
resistance to endocrine therapies has been demonstrated for BC.
This resistance could be explained by ERa mutations, aberrant
activity of co-regulatory proteins, constitutive activation of growth
factor receptors, downregulation of pro-apoptotic signaling path-
ways, alteration in DNA response process, upregulation of pro-sur-
vival autophagy, and more recently, the participation of the
unfolded protein response (UPR) [115,117]. In this scenario,
the understanding of regulatory and molecular mechanisms and
the search for new candidate drugs are ongoing and is quite impor-
tant for a better and more precise BC treatment. Table 1 lists some
studies regarding the benefits and side effects of BC treatment with
classic anti-estrogen compounds, tamoxifen and anastrazole, and
some experimental studies with other possible future treatments.

Notwithstanding, the mechanisms involved in BC biology are
complex and evoke several different, interrelated intracellular
pathways, and hormonal signaling. Some in vitro studies have
showed ERa, ERa36 and ERb activation to have different respon-
siveness to BC. Basically – and very concisely – ERa promotes cell
proliferation; ERb acts as anti-proliferative and anti-invasive sig-



Table 1
Different drug treatments, receptor status, and main outcomes in BC.

Drugs Receptor status/cells Results Study

Tamoxifen DCIS ER positive BC Significant reduction in BC recurrence at 10 years and over-
all follow-up

Allred et al. (2012)

DCIS ER negative BC No significant benefits
ER negative/AR positive BC Decreased recurrence rate

No difference in recurrence-free survival
Hilborn et al. (2016)

ER negative/AR negative BC Did not alter the recurrence rate No difference in recurrence-
free survival

Tamoxifen
X
Anastrozole

ER positive/PR positive DCIS No difference in recurrence rate
Side-effects profile differed

Forbes et al. (2016)

ER positive Similar objective response
Increased time to progression for anastrazole treatment

Nabholtz et al. (2000)

Curcumin and Resveratrol TNBC Low effectiveness in clinical settings Shindikar et al. (2016)

Geftinib (D1839) MCF-7 cells Inhibition of EGFR and reduced invasion and motility HIscox et al. (2004)

Dendrogenin (DDA) TSA cells Reduce tumor growth and improved mice survival Silvent-Poirot et al. (2016)
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naling; ERa36 can inhibit genomic estrogen signaling in such a
way that ERa36 must be regulated differentially and strictly to
maintain a normal estrogen signaling [108,115]. As an expected
estrogen-dependent tumor, the proliferation rate and growth of
BC are regulated by estrogens or other active molecules mimicking
the estrogen effects. Despite the increasing use of anti-hormones
treatment in adjuvant therapy, a considerable number of patients
still develop BC recurrence [118], reinforcing the need to improve
our understanding on how ER and steroid hormones act upon one
another and to better establish the right drug to the right patient
[103].
1.4.2. Specific role of steroid receptors in BC
ERa, a nuclear receptor for the steroid hormone estrogen, was

first cloned from the MCF-7 human breast cancer cell line by Wal-
ter et al. [119]. It regulates the development and differentiation of
the mammary tissues, and is frequently found to be overexpressed
in BC [120,121], in such a way that it is routinely applied as an
important biomarker during diagnosis and molecular therapy tar-
get [120,122,123]. ERa is known as the major drug target in hor-
monal BC, and therapies include the blockage of estradiol and its
receptor, by the non-steroidal antiestrogen tamoxifen, or the inhi-
bition of estrogen synthesis, by aromatase inhibitors, such as ICI
182, 780 [124].

After association of E2 with ERa (or after ERa phosphorylation),
which facilitates ERa-chromatin interaction, some upstream tran-
scription factors are able to bind ERa, such as FOXA1, PBX1 and AP-
2c [125–127]. Once ERa binds to chromatin, several members of
the p160 co-activator family are recruited forming the p160/ERa
complex, which is essential for the correct DNA transcription
[128]. Interestingly, treatment with tamoxifen interferes with the
correct transcription of the p160/ERa complex [129]. Increasing
evidences have pointed to an important association between dif-
ferent steroid hormone receptor family members (i.e. PR and AR)
and glucocorticoid receptor (GR). AR is often expressed in ER
positive BC [130] and also in a subset of ER negative BC
[131,132]. Although AR overexpression has been thought to favor
BC outcomes [133], some recent data provided important evidence
that actually, AR expression could act as a driver for ER positive BC
therapy resistance. Cochrane et al. [134] reported the importance
of AR/ER ratio in BC prognosis, characterizing tumors with similar
levels of AR to ER as more responsive to neoadjuvant endocrine
therapy. On the other hand, decreased levels of ER compared to
AR could suggest the switch of tumors from a state of estrogen
dependence to androgen dependence [135,136]. In this scenario,
ER positive BC could benefit from endocrine therapy with AR sig-
naling inhibitors (e.g. enzalutamide) or aromatase inhibitors
[134]. AR overexpression can lead to endocrine resistance by acti-
vating survival pathways, such as AKT/IGF-1R signaling pathways
[135,136]. In addition to anti-androgen therapy, inhibitors of those
pathways could help in restoring endocrine sensitivity in resistant
BC [137]. The co-expression of PR in ERa-positive BC is also associ-
ated with favorable outcomes and regulates chromatin-ERa inter-
action at the transcriptional level [138,139]. The interaction
between GR and ERa, in the presence of dexamethasone, inhibits
the cellular growth of some tumors [140]. Note that the interplay
among these receptors may affect nuclear receptor activity [127].

ERa and its respective EREs may also be modulated at the phos-
phorylation level and is related to different prognosis [141]. Differ-
ent protein kinases are involved in this process, such as CDK2, ERK
1/2, EGFR, IGF1R, AKT, CK2, PKA and PAK1; each one acting in dif-
ferent serine residues [127]. De Vries-van Leeuwen et al. [142]
demonstrated a 594 threonine phosphorylation at ERa to influence
gene expression after E2-ERa stimulation. Briefly, ERa-positive BC
cell lines and different tumors shared several ERa-binding sites but
their clinical implications still need to be clarified [127].

ERb was first discovered in the rat prostate in 1996 [143], and
belongs to the nuclear receptor family composed of numerous
transcriptional factors, and regulated by steroidal ligand. ERb is
more abundant in normal mammary glands than ERa [144], and
is widely described in basal and luminal epithelial cells, adipose
cells, lymphocytes, fibroblasts, and endothelial cells [98]. In vitro
and in vivo studies have suggested ERb actions to be anti-ERa,
antiproliferative, and pro-apoptotic [113,145]. In MCF-7 cultured
cells, the overexpression of ERb leads to a reduction in the prolifer-
ation rate in response to E2 which was more evident after repress-
ing c-myc, cyclin D1, and cyclin A gene transcription, while
increasing the expression of p21 and p27, leading to G2 cell cycle
arrest [98,146].

High ERb expression is sometimes linked to better BC outcomes
[113]. Curiously, ERb-positive cells are markedly decreased during
the transformation of normal breast tissues to ductal carcinoma
in situ (DCIS), while ERa-positive cells tend to be increased. The
ERb/ERa ratio declines also from DCIS to IDC (invasive ductal car-
cinoma). Differently from ductal BC, the lobular BC has both ERs
highly expressed with low proliferating rates, suggesting lobular
cancer as a result of anoikis resistance more than those with high
proliferative pattern. The ERb agonist was reported to prevent DCIS
from its potential to be invasive in a study investigating the
expression of ERa, ERb1 and ERb2 in surgically excised breast
tumor samples [144].

Similar to ERa, ERb can be regulated by phosphorylation. EAY2
phosphatase and c-ABL tyrosine kinase regulate the rate of a (36)
tyrosine residue phosphorylation, which is present only in the
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ERb subunit, and seems to be needed for the ERb to bind to its
promoter sites. In this context, the higher content of the
phosphorylated form in human BC samples was strongly related
to both disease-free and overall survival rate of patients [147].
Although conflicting results are found, it can be assumed that
ERb interferes with the ERa function as well as promotes downreg-
ulation of its downstream genes. Moreover, the presence of ERb
alters the sensitivity to drugs that directly bind ERa, such as ralox-
ifene or tamoxifen [98]. Note that following endocrine therapy, a
considerable number of BCs develop resistance against these com-
pounds. In this regard, ERb expression needs to be stimulated
whereas ERa expression needs to be inhibited. Besides the stimu-
lation by ERs, cell growth may be regulated by other signaling
pathways in BC, such as PI3K/Akt/mTOR pathway [148], opening
an avenue for new candidate drugs (e.g. mTOR inhibitor everoli-
mus; [149]).

Different from ERa and ERb, the ERa36 is a membrane estrogen
receptor (mER) that is not expressed in normal breast cells but
overexpressed in neoplastic mammary cells, revealing the impor-
tance of this receptor for breast tumorigenesis (Fig. 5). Some
xenoestrogens are able to bind mER during BC progression, thus
influencing cell cycle, proliferation, survival, cell migration and
invasion [108]. ERa36 expression in BC is related to MAPK/ERK
and PI3K/Akt pathways, which in turn cause the hyperproliferative
and anti-apoptotic behavior of these cells. Furthermore, mER-a36
is able to interact with different membrane receptors leading to
a non-genomic estrogen response that accounts for a different
responsiveness in BC treatment (Fig. 5). Regarding ER expression,
the results of endocrine therapies demonstrated that tumor over-
expressing ERa36 has been proven to slow the progression with
chemotherapy, and ERa36 negative tumors that received neoadju-
vant chemotherapy have better prognosis [150]. For example,
Fig. 5. The interplay between estrogen derivatives and the ER signaling pathways in the
site to initiate transcription of target genes. In non-genomic signaling, a number of ERs (e
AKT and MAPK/ERK signals. These signaling pathways regulate important cell responses
Importantly, the activation of ERa36 leads to the inhibition of ERb and ERa66 expression
signal-regulated protein kinases 1 and 2; E2: 17b-estradiol; ERb, ERa66 and ERa36: estro
A and C; MMPs: matrix metalloproteinases; NF-Kb: nuclear factor kappa Beta; ERE: estr
tamoxifen therapy has limited efficacy in women who are positive
for ERa36 [151], even in ERa negative BC patients, suggesting that
tamoxifen is unable to prevent the non-genomic signaling pathway
induced by the ERa36 [111]. Aromatase inhibitors, such as fulves-
trant (ICI 182,780) also failed to inhibit cell proliferation and
related downstream pathway initiated by ERa36 [152]. Taken
together, these results clearly suggest that the success of endocrine
therapies for BC relies on the receptor profile.

Estrogen-related receptors (ERRs) represent a subfamily of
orphan nuclear receptors, divided into 3 subtypes termed ERRa,
ERRb and ERRc [153]. ERR can contribute to estrogen responsive-
ness since they share some DNA binding site with ER, making them
potential targets for chemical treatments and prognostic biomark-
ers of estrogen-related cancers [154]. These receptors are involved
in cellular energy metabolism [155], and increased expression of
ERRa was found in specific BC subtypes [156]. Nonetheless, the
role of ERR in BC is still controversial and relies upon the receptor
status of tumor cells. For instance, ERRa affects sensitivity to
tamoxifen depending on ER-positive or ER-negative status, which
lead us to conclude that ERRa activity working as transcriptional
activator or repressor is linked to cellular state [156]. ERRb signal-
ing acts as a tumor-suppressor in BC by blocking the G1/S transi-
tion mediated by BCAS2 so that cellular proliferation is inhibited
[157]. ERRc response seems to be hormone- and dose-dependent
and this receptor interacts with ERa to act with other molecules
such as angiogenin [158]. In this regard, angiogenin acts as a novel
potential therapeutic target since its binding to ERRc gene results
in severe inhibition of BC cell proliferation [159].

The G protein-coupled receptors (GPCRs) are important and
versatile membrane molecules encoded by one of the largest fam-
ilies of genes reported in human genome. The members of this
family are responsible for transducing extracellular signals to het-
BC cell. Upon activation, some ERs bind specifically to nuclear EREs in the promoter
.g. ERa36; GPER) induce differential signaling pathways that are mediated by PI3K/
such as proliferation, invasion, survival, migration, apoptosis, and even metastasis.
. XE: xenoestrogens. MAPK: mitogen-activated protein kinase; ERK1/2: extracellular
gen receptor subtypes; GPER: G protein-coupled ER1; PKA and PKC: protein kinases
ogen response elements.
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erotrimeric G proteins (Fig. 5). GPER signaling includes mitogen-
activated protein kinase (MAPK), extracellular signal-regulated
kinase (ERK) and phosphoinositide 3-kinase (PI3K) pathways
[107]. GPER is widely expressed in human tissues, including breast
[160], and the GPER-mediated signaling pathways are described to
be involved in neoplastic transformation in estrogen-dependent
cancers [161]. Recent evidence suggests that GPER regulates cancer
cell proliferation [162]. Furthermore, the aggressiveness of breast
cancer is related to GPER overexpression [163], and downregula-
tion of this receptor was found to be associated with negative ER
status, also suggesting a poor prognosis [164]. GPER-related cell
proliferation was also associated with stimulation of the EGFR/
ERK/c-FOS/AP-1 signaling pathway, preventing cell cycle arrest
and cell apoptosis in cancer-associated fibroblasts from BC patients
[165]. A study by Li et al. [166] demonstrated the relationship
between GPER and ERRa in SKBR3 cells, in which the expression
of ERRa is dependent on GPER activation, and it was influenced
by E2 or tamoxifen. Strengthening the major role of GPER in the
proliferation of cancer cells, Zhou et al. [167] reported elevated
levels of GPER in IDC than in normal breast tissues, and also
showed apoptosis and proliferative processes to be regulated by
GPER and estrogens. Cancer progression may also be related to aro-
matase expression. In this context, tamoxifen-induced aromatase
expression was regulated by GPER in BC cells [168].

In a BC microenvironment, TAMs (especially the M2 phenotype)
comprise a large part of the tumor mass, and constitute an impor-
tant in situ source of E2 sufficient to stimulate epithelial cell pro-
liferation and cytokine production. Moreover, monocytes and
myeloid cell lines require differentiation into macrophages to
express aromatase. In breast tissue macrophages, aromatase is pos-
itively correlated with the grade of lesion and E2 levels which
results in rapid cell proliferation, an effect that is abolished by aro-
matase inhibitors [169].

1.5. Endometrial cancer

1.5.1. Different subtypes and general aspects of sex hormone and
steroid receptors

Endometrial cancer (EC) is one of the most common gynecolog-
ical diseases, and represents the fourth most common cancer in
Europe and North America [170]. It is estimated that around 75%
of patients with EC are diagnosed in the early stages (International
Federation of Gynecology and Obstetrics – FIGO – stages I or II),
and a 5-year survival rate is approximately 74–91%, whereas for
women with advanced stage (stages III or IV), a 5-year overall sur-
vival decreases from 57–66% to 20–26%, respectively [155].

In general, ECs have been classified, on the basis of clinical,
endocrine, and epidemiological observations, as type I or II, as
defined by Bokhman [171]. Importantly, type I tumors are estro-
gen-dependent, and associated with endometrial hyperplasia;
otherwise, type II tumors are estrogen-independent, and associ-
ated with endometrial atrophy. In addition, EC is also classified
using histopathological aspects, such as subtypes of endometrioid
carcinoma, serous carcinoma, carcinosarcoma, and clear-cell carci-
nomas [172]. Although still controversial, a number of correlations
have been adopted between these subtypes and classification sys-
tems: Type I cancers generally exhibit endometrioid variants, and
type II cancers are mostly serous carcinomas [173]. EC comprises
a clinically, morphologically, and genetically heterogeneous types
of tumors. These categories are limited in predicting effective
response to therapy. In an effort to obtain potential targets for
treatment in these subgroups of the disease, a genomic classifica-
tion of EC has been developed [174].

According to Bokhman [171], ECs can be divided into two
pathogenetic types based on clinical, metabolic, and endocrine fea-
tures. Tumors described as type I are associated with excessive
estrogen levels, obesity, and endometrial hyperplasia, being mod-
erate or highly differentiated, whereas tumors described as type
II are common in non-obese women, associated with no endocrine
or metabolic disturbances, and presenting an atrophic endome-
trium, and poorly differentiated. The World Health Organization
(WHO) classifies EC as epithelial carcinomas (serous, clear cell,
endometrioid, mucinous, transitional cell, small cell, squamous
cell, and undifferentiated), mixed epithelial and mesenchymal
tumors (e.g. carcinosarcomas), and other malignant tumors [172].

Endometrioid carcinomas represent a range of neoplasms, vary-
ing from low to high grade, whereas serous and clear cell carcino-
mas exhibit aggressive phenotype and frequently develop in
postmenopausal women in association with atrophic endome-
trium [172,175]. Notably, endometrioid type I are mostly related
to genetic mutations in KRAS, PTEN, CTNNB1, and PIK3CA, whereas
serous type II carcinomas exhibit HER2 amplification and recurrent
TP53 mutations [174,176]. These findings are assumed to be con-
sistent with the type I and type II division of ECs; thus, histological
type and molecular features are key components of the dualistic
Bokhman classification.

Important prognostic factors are relevant and may differ in
patients with regard to the use of HRT and increased number of
overweight or obese patients [177]. Furthermore, epidemiological
data suggest obesity to be associated with type II EC, although to
a lesser extent than type I ECs. The subtypes I and II are also linked
to multiple risk factors such as diabetes, use of oral contraceptives,
age at menarche, and smoking [177].
1.5.2. Role of steroid receptors in EC
There is no doubt that E2 plays an important role in the devel-

opment of EC [178]. E2 and its analogues regulate the expression
of selective estrogen responsive genes by binding to the cytoplas-
mic ER (Fig. 6), and after the complex migrates to the nucleus for
transactivation of target genes [179]. Accumulating evidences
have demonstrated an efficient and rapid signaling response to
E2 that is independent of nuclear transactivation [180,181]. The
subtype ERa is present on the cell membrane surface and acti-
vates a rapid E2-ER signaling (Fig. 6). Notably, a novel variant
of ERa termed ERa36 has been identified, cloned and character-
ized [182]. Zou et al. [183] showed that ERa36 is expressed in
both cell membrane and cytoplasm of Ishikawa cells (a human
EC cell line). Conversely, ERa66 is predominantly localized to
the nucleus [184].

Past studies pointed out that ERa36 mediates the initial effects
of E2 signaling by activation of the MAPK pathway, thereby stimu-
lating cell growth [185]. ERa36 is also capable of activating MAPK/
ERK signaling induced by antiestrogens, such as tamoxifen [185].
In addition, ERa36 activates downstream molecules through ERK
and AKT signaling pathways [186]. Moreover, activations of PKA,
PKC, AKT, and calcium channel are mediated by a rapid non-geno-
mic effect of E2 to trigger a number of physiological cellular func-
tions [187,188]. Most of these signaling pathways are related to the
majority of cellular processes, including proliferation, differentia-
tion, apoptosis, tumor progression, and aging.

The proteins ERK, JNK and P38 protein kinases are members of
the large MAPK family related to cell growth and differentiation.
An increasing body of evidence has reported the non-classical acti-
vation of the ERK1/2 by E2 in EC cells [189,190], and ERK1/2 can be
alternatively activated by PKC [191]. In Ishikawa cells, E2 binds to
ERa36 and activates the downstream MAPK/ERK pathway via PKC
(Fig. 6). Many studies reported PKCd to efficiently act as a positive
regulator of EC cell proliferation [192,193], and E2 binding to
ERa36 mediates the membrane-initiated PKCd signaling pathway.
In general, the increased activity of PKCa is associated with higher
capacity of migration and proliferation of cancer cells [194].



Fig. 6. The ER signaling pathways are differentially activated in EC cell based on different estrogen ligands. E2 binding to their receptors may stimulate MAPK/ERK1/2
pathways which leads to ER phosphorylation and consecutive nuclear translocation to regulate gene transcription (e.g. cell proliferation, migration, differentiation). E2, E3, E4,
and tamoxifen can activate ERa36 and ERa66 resulting in cell cycle progression and poor prognosis. In EC cell, ERa36 but not ERa66 is involved in E2-induced PKC activation.
E2: 17b-estradiol; E3: estriol; E4: estetrol; ER, ERa36, and ERa66: estrogen receptor subtypes; MAPK: mitogen-activated protein kinase; ERE: estrogen response elements;
AP-1: activator protein-1; ERK1/2: extracellular signal-regulated protein kinases 1 and 2.
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For cell cycle progression, cyclin D1 is an essential element of
the G1 phase which regulates cyclin dependent kinases (cdks).
Cyclin D1/cdk complex is responsible for the phosphorylation cas-
cade to regulate cell cycle [195]. It has been shown that cyclin D1 is
associated with the pathogenesis of endometrial hyperplasia [196].
More recently, studies confirmed that the expression of cyclin D1 is
upregulated by the MAPK/ERK and PKCd pathways [197]. In this
regard, cyclin D1 seems to be expressed after ERa36-mediated
E2 activation of the PKCd/ERK signaling pathway, thus resulting
in cell cycle progression (Fig. 6). Importantly, Tong et al. [184] indi-
cated that non-nuclear ERa36 is involved in the membrane E2 sig-
naling pathways in Ishikawa cells, thus suggesting ERa36 as a
novel pivotal player in EC.

Recently, TAM-secreted CXCL8 was severely associated with the
downregulation of ERa expression in EC cells, which may lead to
cancer cell invasion, migration, metastasis and poor outcomes
[198]. This mechanism seems to be mediated by the transcription
factor HOXB13, and reveals a promising alternative to explore new
therapeutic opportunities for EC. In addition, low levels of P4 can
lead to the inflammation associated with an increase in E2 produc-
tion, thereby potentially stimulating the susceptibility to tumor
initiation and progression [199]. Interestingly, the high activity of
TAM was related to PR loss and malignant transformation in
endometrioid adenocarcinoma.

1.5.3. Major risk factors for EC
There are a number of important risk factors related to EC

(Fig. 7). Prolonged exposure to unopposed estrogen is mostly
related to type I EC. HRT is indicated to control menopausal symp-
toms and can increase the risk of developing EC by 2- to 20-fold,
depending on the dose and time of use. Co-administration of pro-
gestins continuously or does not (from 10 to 15 days/month) dra-
matically reduce the increased risk of EC [200]. Furthermore, the
high risk of developing endometrial hyperplasia and EC is linked
to chronic anovulation (e.g. polycystic ovary syndrome), and to
an increase in peripheral conversion of androgens into estrogens
in adipose tissues. Also, tamoxifen acts as an estrogen antagonist
in breast tissues and as an agonist in endometrial tissues. In fact,
the use of tamoxifen is related to a 6- to 8-fold increase in the risk
of EC [201].

Obesity is another risk factor in the U.S., assumed to have a
great impact on the incidence of EC [202]. The increased risk of
EC associated with obesity is likely due to the higher E2 levels
via aromatization. In addition, premenopausal and obese women
are highly susceptible to develop chronic anovulation. Although
there are some conflicting results, diabetes mellitus and hyperten-
sion might be related to the increased risk of EC [203]. Aging also
represents a critical risk factor for the development of EC. Most
women are late diagnosed at postmenopause [204], and younger
women who develop EC are often more likely to be nulliparous
and obese [205]. Reproductive aspects related to increased risk of
EC include early age of menarche, late age of menopause, nullipar-
ity, and infertility [206]. Notably, the use of oral contraceptives,
such as medroxyprogesterone acetate, or even P4 secreting intra-
uterine devices significantly reduces the risk of developing EC
[207].

Note that women with Lynch syndrome are at an increased risk
of developing EC and OC. This disease is featured by a germline
mutation in different mismatch repair systems: MLH1, MSH2,
MSH6, or PMS2. For example, the cumulative risk of developing



Fig. 7. Important risk factors associated with the development of EC.
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EC by age is 54% for MLH1, 21% for MSH2, and 16% for MSH6 [208].
Moreover, genetic mutations in the PTEN often occur in sporadic
ECs [209]. Patients with Lynch syndrome have an increased fre-
quency in germline PTEN mutation as they are at high risk for
breast, and endometrial cancers [210]. Briefly, the genetic associa-
tion between selective BRCA mutations and the risk of EC remains
inconclusive [211].

1.5.4. Endocrine therapy for EC
A significant category of EC, particularly type I tumors that

overexpress ER or PR, are thought to be good predictors of survival
after endocrine therapy [212]. There are many important agents
including selective estrogen receptor modulators (SERM), pro-
gestogens, aromatase and gonadotropins inhibitors which show
relevant clinical benefits [213]. Regarding hormonal treatments,
progestational agents revealed anti-tumor responses in 15% and
30% of patients [214]. Overall, progestogens have indicated good
tolerability and efficacy with response rates around 22% [215]. Pos-
itive PR receptor status has been shown to effectively correlate
with treatment responsiveness [216]. Conversely, only a small
number of PR-negative patients may benefit from treatment,
thereby indicating the need to investigate more deeply the intrin-
sic mechanisms [207]. Approximately a 10% overall response rate
was observed in patients treated with aromatase inhibitors and
tamoxifen [217,218]. In addition, the use of tamoxifen increased
the response rate of 23% and 14% in patients with tumor grades I
and II, respectively [217]. Although with no evident benefit, the
therapeutic strategy of combining tamoxifen with megestrol pro-
moted the upregulation of PR expression [219]. Mifepristone is a
selective PR modulator that has been studied in PR-positive
patients with relapsed EC but have achieved stable condition
[220] with an overall response rate of 27% and a survival period
of 14 months [219].

No improvements in survival rate of advanced EC have been
reported with hormonal therapy [221]. Moreover, the quality of life
of patients was insufficiently tested, and many of these studies
were conducted using different methods and with various rates
of hormone-receptor status, making it difficult to compare efficacy
with more recent trials. Continuing efforts to clarify the role of HRT
on clinical benefit, quality of life, and potential biomarkers of gyne-
cological malignancies have been conducted, and a phase II trial is
currently investigating the effect of anastrazole in women with
hormone receptor-positive tumor recurrence (ANZGOG 0903)
[222].
In parallel, fulvestrant, a high-affinity ER antagonist was studied
in EC by two phase II trials [223,224], and only the first trial indi-
cated an increased response rate in patients with PR-positive
rather than ER-positive tumors (20% and 16%, respectively) [223].
The second study involving only patients with ER- or PR-positive
tumors showed a partial response of 11.4%. Only 40% of patients
received the agent prior to chemotherapy [224]. Because EC can
gradually develop mechanism(s) of drug chemoresistance or even
reduce the expression of PRs or ERs, numerous trials have high-
lighted the potential of combining endocrine therapy with comple-
mentary targeting therapies [225].

The first in class oral steroid sulphatase (STS) inhibitor is
termed BN83495 [226]. STS is a novel agent capable of inducing
the transformation of biologically active steroids from inactive
steroids. This is able to mediate the conversion of estrone sulfate
and dehydroepiandrosterone sulfate into estrone and dehy-
droepiandrosterone, both with estrogenic actions that stimulate
the growth of the endometrium [227]. A phase II trial has been
conducted in EC comparing the efficacy of BN83495 with
megestrol acetate in chemotherapy-naive patients [219].
2. Concluding remarks

It is currently assumed that low circulating sex steroids associ-
ated with the use of exogenous HRT found in postmenopausal
women are one of the major risk factors for the development of
reproductive cancers. In particular, the accurate interpretation
and the assessment of menopausal status are determinant factors
for planning the treatment strategies. There are a considerable
number of new compounds mimicking the estrogen or proges-
terone effects in hormone-dependent tumors which rely on speci-
fic dose and time of stimulation. In reproductive cancers, most of
these steroids bind to a specific receptor to mediate either classical
or non-classical signaling pathways resulting in cell proliferation,
survival, migration, metastasis, or even promoting apoptosis as a
protective effect. More detailed studies emphasizing the specific
actions of different sex hormones on the initiation and develop-
ment of female reproductive cancers should be performed to guide
appropriate hormone therapy and to standardize novel targets for
adjuvant therapeutic interventions. Finally, future investigations
on the sex hormone-receptor interface will bring new insights into
the genetic, metabolic, and environmental factors to improve the
quality of life and survival outcome in women.
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