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Abstract

It is currently apparent that the intentional release of compounds through
agricultural, industrial, and municipal activities has influenced the health of
wildlife and human populations. Scientists are invited to study disturbances in the
normal function of the reproductive system of genetically modified populations.
When referring to a population, they rather use the term control or reference;
the reason is an enormous rate of information concerning the endocrine-altering
potential of plasticizers and dyes, as well as the possible influences of pesticides
and industrial compounds on various endocrine endpoints, particularly regarding
the concentration of estrogens. Here in, we provide an overview on the impact of
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chemical substances on female human reproductive health.
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Introduction

Researchers have postulated that environmental estrogens can
alter reproduction, growth, and survival by changing the normal
function of the endocrine system. Alteration of hormonal action
is not a naturally occurring new phenomenon; for instance, many
plants make compounds (phytoestrogens) that mimic estrogenic
sex steroids in vertebrates. What is new and yet intractable is
the increasing number of chemical compounds that interact with
and modify the endocrine system. These chemicals have been
observed to mimic, to antagonize or alter the synthesis and/
degradation of hormones (especially those of sex steroids); thus,
they have been termed xenoestrogens or 'estrogens' or endocrine
disruptors in the broadest sense. The search for hormones
and phytoestrogens has led mid-20" century research that
reproduced the natural estrogens, progestins, and androgens.
The need for supplements or contraceptives fueled production of
the Diethylstilbestrol (DES) (1938), Ethinyl Estradiol (1950s), and
other synthetic estrogens. Regarding the evidence for 'estrogens’
endocrine disruption, many environmental chemicals have
been shown to elicit toxicity caused by endocrine disruption.
Particularly most notable is the ability of some chemicals to bind
to the estrogen receptor and stimulate transcription of estrogen-
responsive genes. Field evaluations suggest that the estrogenicity
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of many environmental contaminants may be eliciting adverse
effects on wildlife and human populations. For instance, remarks
reported by observation of endocrine-disrupting effects of some
Polychlorinated Biphenyl (PCB) isomers in vertebrates include
altered sex ratios in turtles [1], reduced male rat fertility following
early postnatal exposure [2] and altered expression of steroid
hormone-metabolizing enzymes [3]. A most vivid example of
toxicity associated with alterations in endocrine function is the
alligator population level in Lake Apopka, Florida, which has
declined steadily over the past decade, despite the maintenance
of stable populations in other Florida lakes [4]. Female alligators
sampled from the lake exhibited abnormal ovarian morphology [5].

Males had significantly depressed plasma testosterone
levels, poorly organized testes, and diminutive phalli [5]. It
was proved that Lake Apopka was significantly contaminated
with Dichloro-Diphenyl-Trichloroethane (DDT) [5]. On human
hormonal discrepancies, estrogenic or antiestrogenic effects of
environmental contaminants have been implicated, too. Breast
cancer incidence has increased steadily since the 1940s [6]. Risk
of breast cancer increases with increased cumulative estrogen
exposure [7]. An epidemiological study linked breast cancer
incidence with serum levels of the DDT metabolite DDE [8]. Such

© Under License of Creative Commons Attribution 3.0 License | This article is available in: http://www.clinical-epigenetics.imedpub.com/ ']



observations led to the hypothesis that environmental estrogens
are a preventable cause of breast cancer [9]. Endometriosis, the
extrauterine growth and proliferation of endometrial cells, is
estimated to affect over 6 million women of reproductive age in the
United State alone [10]. The etiology of the disease is unknown,
but likely involves hormonal influences. Rhesus monkeys
chronically treated with 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) demonstrated a dose-dependent increase in incidence
of endometriosis [11]. TCDD can elicit a variety of endocrine-
disrupting effects, including reduced estrogen responsiveness
[12]. These compound and related halogenated aromatic
hydrocarbons are ubiquitous environmental contaminants that
may contribute to the incidence of endometriosis among humans.
Residents of Seveso, Italy, were exposed to high levels of TCDD
following a chemical plant explosion in 1976. They were assessed
of the relationship between TCDD exposure and endometriosis in
humans [13], providing insights into the environmental etiology
of this condition.

What are 'Estrogens'?

Scientific research has focused on the potential hazardous effects
that estrogen- and antiestrogen-like chemicals may have both on
wildlife and human health. These chemicals have been observed
to mimic, to antagonize or alter the synthesis and/ degradation of
hormones (especially those of sex steroids); thus, they have been
termed xenoestrogens or 'estrogens' or endocrine disruptors
in the broadest sense. An endocrine disruptor is an exogenous
substance or mixture that alters function of the endocrine system
and consequently causes adverse effects in an intact organism,
or its progeny, or (sub) population [14]. The homeostasis of
sex steroids is one of the main targets of endocrine disruption-
altering effects; hence, the successor from gamete production and
fertilization through to intrauterine and post-natal development
of progeny is recognized as being particularly susceptible to
endocrine disruption [15]. Guilty substances include natural plant
compounds called phytohormones, heavy metals, and synthetic
chemicals, such as Drugs (DES), pesticides (DDT), Persistent
Organochlorine Pollutants (PCBs), and industrial chemicals
(phthalates, bisphenol A). Generally, any natural steroids, plant
compounds, or synthetic chemicals are considered estrogenic if,
in laboratory tests, they bind to estrogen receptor and promote
cell division, induce cell growth, or produce certain proteins in
female sex tissue (breast or uterus) [16]. Professor Marco Matteo
Ciccone was the first to show that it was the route of administration
of a single dose of 17B-estradiol, which increased cerebral and
ophthalmicarteries perfusionin healthy postmenopausal women,
whereas the effect on peripheral circulation was rather limited
[17,18]. Moreover, 17B-estradiol was applied nasally to early
postmenopausal women with cardiovascular risk factors, such
as hypertension and diabetes mellitus, improving microvascular
dysfunction [19]. It was the addition of cyclic oral micronized
progesterone to intranasal estradiol that influenced the markers
of cardiovascular risk negatively in healthy postmenopausal
women [20,21]. Concerning 'estrogens' or endocrine disruptors,
it could be applied that the way of administration of 'estrogens'
(Figure 1) is the one that influences the development of different
estrogenic effects on human body (Table 1).
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Estrogenic Endocrine Disruptors: What
is the Function of the Estrogen Receptor
that is kept under the Evolution of
Species?

Estrogens are a group of chemically similar steroid hormones.
Steroids are a special kind of fat molecule with a four-
ringed, carbon atom backbone, or core, like their cholesterol

Table 1 Routes of administration influences effects of 'estrogens' on
human body.

Substance Route of Exposure to Effects
Metabolic:
Chlorinated BPA Dermal Obesity, lipid
accumulation
derivatives (Tap water)
Type 2 diabetes
mellitus
ezl Reproductive toxicity:
Phthalates . shorter ano-genital
(Intrauterine ] X
distance in boys
exposure)
Organochlonne pollutants Prenatal

Female reproductive
function: lower antral

Os Intrauteri
(p,p-DDE  HCB  and ULl follicle number
PCBs) exposure)
Dermal precocious puberty
Htiaates (Plastics and (LH secretion by the
cosmetic products) pituitary in girls)
Inhalation
Increased prevalence
Dioxin of CKD (Chronic

(Released from a

| Kidney Disease)

Cytotoxicity: induced
by the coplanar pcbs
(Carcinogenicity on
human lung fibroblast
cell line)
Higher cancer risk in
population of upper
Silesia

Inhalation and
dietary intake

Noncoplanar and coplanar
PCBs

Dioxins and PCBs Inhalation

Pcbs, polybrominated
diphenyl ethers
(pbdes), dioxins and
organochlorine pesticides

Dietary intake
(Consumption of
aquatic products)

Higher cancer risk esp
for europeans

Inhalation

Linked to health

(Exposure of
outcomes such as

PCB upils attendin o
e B p e chronic disease and
public schools and . .
. . reproductive function
of residents in
appartments)
Inhalation
Attenuation of
Pebs (Indoor air of private emotional well-being
or public buildings and attentional
from elastic function
sealants)
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Figure 1 Administration of 'estrogens'.
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predecessor. A series of chemical reactions, spurred by proteins
called enzymes, remove and add groups to cholesterol's core.
These actions transform it first into the steroid pregnenolone
and then into androgens. Special aromatase enzymes convert
androgens into the estrogens estradiol and estrone. Stockard
and Papanicolaou first described estrogens' actions in guinea pigs
[22].In 1922, Lond and Evan followed with similar findings in rats
[23]. Both groups observed that ovarian follicle swelling, prior to
the egg leaving the ovary (ovulation), was followed by uterine
lining growth and vaginal cell maturation. These discoveries were
the first to explain tissue changes during the menstrual cycle
and their relationship to pregnancy [24]. In humans and other
vertebrates, estrogens are made primarily in the female ovaries
and in small amounts in the male testes and the adrenal glands,
brain, and fat of both sexes. 17B-estradiol is the most abundant
and potent natural estrogen identical in all vertebrates. Estrogen-
like chemicals play a poorly understood role in the reproductive
cycle of some invertebrates, including mollusks and corals [25,26].

All steroid hormones are identified by their precise cholesterol-
based structure, unlike protein hormones, which can vary in
amino acid sequences but have the same name in different
species. In addition, the region of the classical estrogen receptor
(ERa) that binds estradiol in fish is fundamentally the same as
that in birds and women [27,28]. Species and tissue distribution,
and binding characteristics of the recently discovered ERB have
been identified [29,30]. The preservation of the alpha form of the
estrogen receptor over hundreds of millions of years of vertebrate
evolution has profound implications with regard to estrogenic
endocrine disruptors [31]. A chemical, that is designed to be
bound to the estrogen receptor in one vertebrate, can bind to
estrogen receptors in any other vertebrate, and undoubtedly this
includes humans. But, let us not perceive that the binding of any
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estrogenic chemical to the estrogen receptor will exert the same
action interspecies; this effect depends on the conformational
change induced in the receptor, the interaction of the receptor
with tissue-specific proteins associated with the transcriptional
apparatus, and the specific genes associated with Estrogen
Response Elements (EREs) to which the transcriptional regulating
complex of ligand, receptor, and associated proteins binds, thus
regulating the process of transcription [32].

Breast cancer: Breast cancer risk is significantly influenced by
genetics, but over 70% of the women that are diagnosed have
non-inherited or sporadic cancer. The risk of breast cancer is
thought to be modified by lifestyle and environment. Exposures
to certain endocrine disruptors are suspected of contributing to
increased breast cancer incidence in the United States [33].

Villeneuve et al. analyzed a case—control study (1230 cases)
observed a statistically significant breast cancer excess after 10
years duration in motor vehicle manufacturing (95% Cl:1.0-6.3).
Labreche et al. found significant increase of postmenopausal
breast cancer for polycyclic aromatic hydrocarbons (PAHs)
exposure [34,35].

Occupational exposures increase cancer risks. The Windsor
Regional Cancer Centre in Ontario was the first Canadian cancer
treatment center to collect the work histories of its patients.
Breast cancer cases represented the largest respondent group
[36]. Occupational health nurses can serve as advocates for
necessary research ultimately leading to risk reduction and
prevention strategies in the workplace. It is suggested that
exposure to organic solvents, metals, acid mists, sterilizing agents
(ethylene oxide), some pesticides and tobacco smoke increases
breast cancer risk among women in occupational settings [37].

Untimely perturbations in the fetal environment predispose an
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individual to disease that only becomes apparent in adulthood.
For example, gestational exposure to diethylstilbestrol resulted
in clear cell carcinoma of the vagina and breast cancer [38]. The
term window of susceptibility refers to a time in development
when environmental factors can significantly alter the developing
organism and result in structural, functional, and/or cellular
changes. Alterations occurring during these windows may not
be identifiable early in life but become apparent only later;
2,3,7,8-tetrachlorodibenzo-p-dioxin, has been shown to be a
developmental toxicant of the mammary gland in rodents. Dioxin
effects on the developing breast involve delayed proliferation and
differentiation of the mammary gland, as well as an elongation
of the window of sensitivity to potential carcinogens [39].
One report, looking specifically at pubertal development in a
cohort of 200 Belgian adolescents (aged 15.8-19.6 year old)
demonstrated a significant delay in breast development in girls
that was associated with a doubling of serum dioxin levels [40].
Hexachlorobenzene (HCB) is a dioxin-like compound that is widely
distributed in the environment and is a weak ligand of the Aryl
Hydrocarbon Receptor (AhR). Interestingly, it was demonstrated
that hexachlorobenzene modulates the crosstalk between the AhR
and transforming growth factor-B1 signaling, enhancing human
breast cancer cell migration and invasion [41]. Findings point to
maternal exposure to AhR agonists as a risk factor for breast cancer
in offspring through epigenetic inhibition of BRCA-1 expression
[42]. It is hypothesized that agonists of the AhR, bisphenol A
(BPA), and arsenic compounds, induce in tumor suppressor genes
epigenetic signatures that mirror those often seen in sporadic
breast tumors [43]. Resveratrol prevents epigenetic silencing of
BRCA-1 by the aromatic hydrocarbon receptor in human breast
cancer cells [44]. In addition, the co-treatment of MCF-7 breast
cancer cells with the dietary compounds 3, 3'-diindolylmethane,
a condensation product of indol-3-carbinol found in Brassica
vegetables, suggested that naturally occurring modulators of
the AhR, such as 3, 3'-diindolylmethane, may be effective agents
for dietary strategies against epigenetic activation of COX-2
expression by AhR agonists [45].

PCB174 exposure was associated with an increase in all-cause
(HR=2.22,95% Cl: 1.14-4.30) and breast cancer-specific (HR=3.15,
95% Cl: 1.23-8.09) mortalities within 5 years of diagnosis and
remained associated with breast cancer-specific mortality
(HR=1.88, 95% Cl: 1.05-3.36) at 15 years. At 15 years, the highest
tertiles of XGroup 2A congeners and PCB118 were inversely
associated with all-cause mortality (HR=0.60, 95% Cl: 0.39-0.83;
HR=0.63, 95% Cl: 0.43-0.92, respectively) [46]. Moreover, after
follow-up of 5 and 15 years, of a population-based sample of
women diagnosed with a first primary invasive or in situ breast
cancer in 1996-1997 and with available organochlorine blood
measures (n=633), researchers identified 55 and 189 deaths, of
which 36 and 74, respectively, were breast cancer-related [47].

It has been hypothesized that DES changes the hormonal milieu
that the fetus is exposed to, which may increase the total number
of ductal stem cells that are at risk for cancer development [48].
However, the link between DES daughters exposure and breast
cancer incidence may become stronger as they age [49]. The
developing breast undergoes many changes in early life, leaving
it vulnerable to the effects of epigenetic marks, endocrine
disruption, and carcinogens [50].
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Effect of 'Estrogens' on Endometrial
Neoplasia

Observations have suggested that endometrial carcinomas
vary in histopathologic appearance and clinical features.
Based on clinicopathologic observations in 366 endometrial
cancers, Bokhman proposed that there are two main types of
endometrial carcinomas: type 1 tumors related to hormonal
imbalances and type 2 tumors that seem largely unrelated to
estrogen. According to this model, type 1 tumors are indolent
neoplasms that are associated with hyperlipidemia, obesity,
and signs of hyperestrogenism, such as anovulatory bleeding,
infertility, late menopause, and endometrial and ovarian stromal
hyperplasia. Type 2 tumors are unrelated to these features,
behave aggressively, and lack the progesterone responsiveness
of type 1 tumors. Building on these clinical observations, it has
been suggested that the majority of type 1 tumors correspond to
the endometrioid type of endometrial carcinoma, whereas type 2
tumors probably include most serous carcinomas and some other
aggressive types [51].

Because endometrioid carcinomas comprise over 80% of
endometrial carcinomas and most endometrioid tumors are type
1 tumors, epidemiologic studies have promoted the view that
nearly all endometrial cancer risk factors are mediated through
estrogen and that protective factors act by opposing estrogen.
The prevailing view is as follows: unopposed estrogen is the major
risk factor for endometrial cancer; this conclusion is based on
several observations, including the enhanced rate of endometrial
cell proliferation during the follicular phase of the menstrual cycle
when estrogen levels are high (and progesterone levels are low)
and that women who have used estrogen replacement therapy
are much more likely to develop endometrial cancer than women
who have never used estrogen replacement therapy [52].

Risk associated with exogenous estrogen use among
postmenopausal women is related to duration of exposure,
with approximately 10-fold increases associated with a
decade of use. Menstrual factors, such as early menarche
and late menopause, and nulliparity are thought to increase
cumulative estrogen exposure by increasing a woman's total
lifetime number of menstrual cycles. Even in polycystic ovary
disease, which is characterized by virilization, it is postulated
that chronically elevated luteinizing hormone levels promote
increased androstenedione production by the ovary, which
in turn is converted to estrone in peripheral tissue stores [53].
Most endometrioid carcinomas are associated with endometrial
hyperplasia, are estrogen receptor/progesterone receptor (ER/PR)
positive, p53 negative and express low Ki-67. In contrast, almost
all serous carcinomas develop from endometrial intraepithelial
carcinoma in a background of atrophy. These tumors are ER/PR
negative, strongly express p53 and show high Ki-67 labeling [54].

Concerning the role of endocrine disruptors or xenoestrogens,
neonatal treatment of mice on post-natal days 1-5 with
either the potent estrogen agonist DES or the phytoestrogen,
genistein, has been shown to cause uterine adenocarcinoma
by 18 months [55]. Remarkably, perinatal DES exposure results
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in altered arrangement of the myometrium, a phenomenon
involving Wnt-7a expression in the epithelium and thought to
be mediated through mesenchymal-epithelial interactions.
These alterations manifest as a thickening and disorganization
of the myometrium that provides the substratum for neoplastic
organization [56]. As with other cancers, the timing of exposure
is critical to the potential development of uterine cancer; in fact
treatment of adult mice with comparable levels of DES does not
induce uterine neoplasms [57]. Soy isoflavones inhibit estradiol
mediated endometrial proliferation in macaque monkeys [58];
maybe that is due to the dualistic effects of phytoestrogens,
acting as SERMs (both estrogenic and antiestrogenic effects).
What happens to human than the other species? Birth control,
hormone replacement therapies (HRT), cancer drugs, and
other pharmaceuticals contain synthetic estrogens. Some, like
ethinyl estradiol, are used alone or combined with artificial
progesterone-like hormones in birth control. In HRT, natural and
synthetic estrogens with or without artificial progesterone control
menopause symptoms such as hot flashes, skin and vaginal
dryness, and bone loss. However, higher risks of breast cancer,
heart attack, blood clots, and other serious threats temper the
benefits (Women's Health Initiative Steering Committee 2004;
Writing Group for the Women's Health Initiative Investigators
2002) [59-61]. Women can tailor treatments by weighing known
risks and benefits. Strong epidemiologic evidence on the effects
of environmental 'estrogens' on endometrial cancer is lacking.
For instance, endometrial cancer rates in Asia are low relative to
the West, and when Asians migrate to the high risk countries such
as the United States, their risk increases [62]. There is evidence
suggesting that neither soy nor isoflavones increase endometrial
cancer risk; in fact, there are data suggesting the opposite [63-
65].

All environmental estrogenic chemicals [Polychlorinated
Hydroxybiphenyls, DDT and derivatives, alkylphenols, BPA,
methoxychlor and chlordecone] compete with E2 for binding
to both ER subtypes with a similar preference and degree. In
most instances the relative binding affinities are at least 1000-
fold lower than that of E2 [66]. A potent estrogen-like activity of
the pollutant cadmium, mediated via the estrogen receptor-a,
has been shown in vivo. Akesson et al. prospectively examined
the association between cadmium exposure and incidence of
postmenopausal endometrial cancer. A 2.9-fold increased risk
(95% Cl, 1.05-7.79) associated with long-term cadmium intake
consistently above the median at both baseline 1987 and in 1997
in never-smoking women was observed with low bioavailable
estrogen (BMI of <27 kg/m? and nonusers of postmenopausal
hormones), supporting the hypothesis that cadmium may exert
estrogenic effects and thereby increase the risk of hormone-
related cancers [67].

The first study evaluating the effects of endocrine disruptors
on endometrial morphology in women was conducted by Hiroi
et al. [68]. These authors determined BPA concentrations in
premenopausal women by an enzyme-linked immunosorbent
assay and evaluated possible linkage between its contamination
levels and endometrial hyperplasia, an estrogen-related disorder
of the uterus. The synthetic estrogen DES is a potent perinatal
endocrine disruptor. In humans and experimental animals,
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exposure to DES during critical periods of reproductive tract
differentiation permanently alters estrogen target tissues and
results in long-term abnormalities such as uterine neoplasia
that are not manifested until later in life [69]. Moreover, several
altered genes were identified in human uterine adenocarcinomas.
Four altered genes (lactotransferrin, transforming growth factor
beta inducible, cyclin D1, and secreted frizzled-related protein
4), selected for real-time RT-PCR analysis, correlated well with
the directionality of the microarray data. These data suggested
altered gene expression profiles observed 2 weeks after
treatment ceased, were established at the time of developmental
exposure and maybe related to the initiation events resulting in
carcinogenesis [70]. Higher circulating 17B-estradiol levels and
non-classical signaling may be related to the earlier incidence of
uterine cancer in transgenic mice. These findings indicate that
expression of the ERa variant can influence determining events
in uterine cancer development and its natural occurrence in the
human uterus would unlikely be protective [71].

On the other hand, no association between endometrial cancer
and PCB congeners, DDT-related and organochlorine compounds
was found in a study conducted by Sturgeon et al. In Shanghai, an
increased risk of endometrial cancer was detected among women
who had worked for 210 years or more in silk production (HR=3.8,
95% Cl 1.2-11.8) and had exposure to silk dust (HR=1.7, 95% Cl
0.9-3.4). Albeit with few exposed women (2 cases and 8 subcohort
women), there was a 7.4-fold increased risk associated with 210
years of silica dust exposure (95% Cl 1.4-39.7) [72,73]. Chemicals
can also be used on the silkworms to increase the amount of silk
produced. Methoprene is an insecticide and endocrine disruptor
which may be applied to silkworms to slow their growth rate and
extend the time they spin silk. Metabolomic changes in silkworm
after DDT exposure were studied. What has been demonstrated
is that changes of biomarkers were likely due to the disruption of
the endocrine system of silkworm by DDT [74].

'Estrogens’' and Endometriosis

Endometriosis is an estrogen-dependent gynecological disease
where endometrium-like tissue grows outside uterine cavity. It is
one of the most common causes of infertility and chronic pelvic
pain and affects 1 in 10 women of reproductive age [75,76]. The
incidence of endometriosis is estimated to be as high as 30% in
patients with infertility and 45% in patients with chronic pelvic
pain. Similar to other common chronic diseases, such as diabetes
mellitus and asthma, endometriosis is inherited in a polygenic
manner and has a complex and multifactorial etiology [77]. The
different types of endometriotic lesions, peritoneal, deep, and
ovarian endometriosis, may respond to estrogens differentially
due to differences in the expression of the receptors and
interacting proteins, and due to potential differences in the ligand
availability regulated by the local estrogen synthesis [78].

Many aspects of female reproductive function are strongly
influenced by genetic factors and numerous studies have
attempted to identify susceptibility genes for disorders affecting
female fertility such as endometriosis. The importance of steroid
hormones on endometriosis is unquestionable. Sex steroids,
estrogen and progesterone, are mainly produced in the ovaries
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and they regulate the growth of endometrial tissue, basically
by stimulating and inhibiting cell proliferation, respectively. In
addition, estrogen plays an important role in the regulation of
cyclic gonadotropin release and in folliculogenesis [79]. The initial
event may involve deficient methylation of the estrogen receptor
ERB promoter resulting in pathologic overexpression of ERB in
endometriotic stromal cells. It is postulated that alterations in
the relative levels of ERPB and ERa in endometrial tissue dictate
estradiol-regulated progesterone receptor (PR) expression, such
that a decreased ERa-to-ERP ratio may result in suppression of PR
[80]. Based on observations regarding the the etiopathogenesis of
the disease, scientific work has been done to confirm suspicions
that human endometriosis may result from toxic exposure
[81,82]. There is high human exposure to 'estrogens', but the
data sets that exist are primarily for various environmental media
such as food and water rather than the most relevant internal
exposure; various kinds of estrogenic chemicals contamination
have been measured in humans including dioxin and bisphenol
A (BPA) widely used for the production of plastic products [83].
A recent case—control study assessed the level of estrogenic
endocrine disruptors as well as synthetic chemicals that operate
via other response mechanisms in hospitalized women who were
subdivided into groups according to diagnosis. The researchers
noted a significant association between the body burden of
‘estrogens’ in participants and the finding of adenomyosis
and endometriosis [84]. Additionally, a verified cohort study
investigating the relation between the fetal environment
and endometriosis recently found a significant increase in
laparoscopically displayed endometriosis in women who have
been in utero previously exposed to estrogen-disrupting DES
[85]. Recent work in rodents shows that pre-natal exposure of
mice to BPA elicits an endometriosis-like phenotype in female
offspring [86].

It is postulated that exposure to an environmental endocrine
disruptor, such as TCDD, can mediate the development of an
endometrial phenotype that exhibits both reduced progesterone
responsiveness and hypersensitivity to proinflammatory stimuli
mimicking the endometriosis phenotype [87]. Because of the
potent anti-inflammatory action of progesterone, reduced
sensitivity to this steroid could contribute to the autoimmune
nature of endometriosis, as well as to more specific local and
systemic changes i.e., during the menstrual cycle, as progesterone
levels fall into the secretory phase, increased proinflammatory
cytokines and chemokines and matrix metalloproteinase are
seen, in preparation for the high inflammatory process of
menstruation [88,89] Furthermore, TCDD together with estradiol
is known to further potentiate the proinflammatory effect,
raising the presence of RANTES (Regulated on Activation, Normal
T Cell Expressed and Secreted) and MIP-1a (macrophage protein
1-alpha), entailing the ability to invade stromal endometrial
cells and on the spot express matrix metaloproteinases-2 and -9
[90]. Developmental exposure of mice to TCDD elicits a similar
uterine phenotype in adult animals as observed in women
with endometriosis, since female mice which have been in
utero exposed to TCDD, and again during the development of
reproductive potential demonstrated a progressive loss of both
progesterone receptors expression [91]. It was not until recently
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that higher concentrations of dioxins have been measured
in the peritoneal fluid of 10 infertile women presenting with
endometriosis [92], suggesting further that 'estrogens' enhance
the role that growth factors may play regarding the implantation
and maintenance of the ectopic endometrium in this specific
microenvironment particularly as to superficial endometrial
implants [93,94].

Onthe contrary, epidemiological studies attempting to specifically
connectthebodyburden of TCDD and various PCBsto the presence
of endometriosis have failed to draw conclusions, perhaps due
to both the number and toxicity of individual congeners involved
and the hesitation of determining the presence and absence of
endometriosis within any control population [95].

An additional and critical issue within the field of reproductive
toxicology is the potential contribution of early life toxicant
exposures to the subsequent development of adult disease [96].
There is a disagreement on whether the toxic effects of PCBs
are greater when exposures occur later in life; environmental
toxicant exposure occurring during the neonatal period entails
danger [97]. The need for purposeful investigation to determine
whether such exposures are involved in the natural history of
endometriosis is imperative. The tentacles of this disease extend
beyond traditional gynecological complaints to include increased
risk of autoimmune disorders [98], reproductive site cancers
[99-101] and other aspects of quality of life such as disruption in
psychosexual activity and well-being [102-104].

Ovarian Cancer

Ovarian cancer is the preponderant type of gynecological
cancer affecting women dwelling in Western countries. Primary
lesions include epithelial ovarian carcinoma (70% of all ovarian
malignancies). As more than 60% of tumors are diagnosed at stage
Il and certain forms of cancer are very aggressive, ovarian cancers
are associated with a high mortality. Experimentally, estrogen
stimulates the growth of ovarian tumor cell lines expressing the
ER. These authors have demonstrated differential expression of
ERa or B during ovarian carcinogenesis, with overexpression of
ERa as compared to ERB in cancer. This differential expression in
ER suggests that estrogen-induced proteins may act as ovarian
tumor-promoting agents [105].

Of note is the observation that estradiol-17 beta and estrone
are of equal potency in stimulating growth in ovarian surface
epithelial cells although it is well known that estrone is a much
less potent estrogen when compared to estradiol-17B. This is
an important finding because, after menopause, estrone is the
major circulating estrogen produced as a result of aromatization
from androstenedione in skin and adipose tissue [106]. In
addition, estrogen regulates proteases and antiproteases in
ovarian and breast cancer cells. Cathepsin D, an estrogen-
regulated protease appears mostly to increase the number of
tumor cells rather than their invasion or motility through the
extracellular matrix [107]. Actually, estrogens, particularly those
present in ovulatory follicles, are both genotoxic and mitogenic to
ovarian surface epithelial cells. In contrast, pregnancy-equivalent
levels progesterone are highly effective as apoptosis inducers for
ovarian surface epithelium and ovarian carcinoma cells [108].

This article is available in: http://www.clinical-epigenetics.imedpub.com/



Treatment with BPA, nonylphenol, octylphenol and methoxychlor
for 24 h resulted in an increase of cell proliferation by increasing
the ERE activity. The increase of cell proliferation and activation
of ERE were reversed in the presence of an estrogen receptor
antagonist, ICl 182780 [109]. But how they act?

Methoxychlor [MXC; 1,1,1-trichlor-2,2-bis(4-methoxyphenyl) eth-
ane], for instance, is an organochlorine pesticide that has been pri-
marily used since DDT was banned. In addition, triclosan is used as a
common component of soaps, deodorants, toothpastes, and other
hygiene products at concentrations up to 0.3%. Methoxychlor and tri-
closan stimulates ovarian cancer growth by regulating cell cycle and
apoptosis-related genes via an estrogen receptor-dependent path-
way [110]. The methoxychlor metabolite, 2,2-bis(p-hydroxyphenyl)-
1,1,1-trichloroethane (HPTE). Genistein and BPA stimulated both cell
proliferation and induction of stromal cell derived factor 1 (CXCL12)
mRNA and protein, in a manner comparable to estradiol, via their
ability to activate the ER and displaying mitogenic activities in ovar-
ian cancer cells [111].
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To our notice, while most cells undergo neoplastic transformation,
including germ cells, granulosa, and stromal cells, approximately
90% of tumors are derived from the ovarian surface epithelium.
Similar to endometrial cancer, hormonal factors such as estrogen
and xenoestrogens, have been linked to ovarian cancer. The
development of appropriate biomarkers of cumulative exposure,
and their measurement at developmental points where exposure
is critical, is required to test the environmental estrogen
hypothesis [112,113].

Conclusion

Recently, much evidence has accumulated showing that
the environmental 'estrogens' can affect human and animal
population. The issue involved is not the possible occurrence of
short-term (maldevelopment) effects but the possible long term
effects i.e., endometriosis, reproductive dysfunction or dysplastic
changes that in humans may not manifest themselves until
adolescence. Prospective studies as to the effects of endocrine
disruptors are needed in order to allow potential hazards to
ecosystem health, including humans, to be estimated.
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