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ABSTRACT

Civilization, industrialization, and urbanization create an environment where humans are continuously
exposed to endocrine disrupting chemicals (EDCs). Some of breast cancers and endometrial cancer,
which are the most common female malignant neoplasms, are estrogen-dependent tumors. Prolonged
exposure to estrogens or substances with estrogenic properties may be a risk factor for their develop-
ment. This paper aimed to discuss the potential adverse effect of EDCs on human health, including the
role of EDCs in hormone-dependent carcinogenesis. A review of literature regarding the sources of envi-
ronmental exposure to EDCs and molecular mechanisms of their action was performed. We analyzed the
possible mechanisms of how these substances alter the function of the endocrine system, resulting in
adverse health effects. Hundreds of substances with endocrine disrupting potential have been identified
in our environment. There is accumulating evidence linking exposure to EDCs with the development of
mammary and endometrial cancer. By interacting with steroid receptors, EDCs can impact the cellular
processes potentially leading to carcinogenesis. There are also data showing the effect of EDCs on
immune dysfunction. During lifespan, people are usually exposed to a mixture of various EDCs, which
complicates the assessment of individual substances or compounds implicated in cancer development.
As the prevalence of hormone-dependent tumors among women continues to increase, their successful
prevention is of human benefit. Institutions representing medicine, science, industry, and governments
should develop joint strategies to decrease exposure to EDC, and thus to reduce the risk of hormone-
dependent tumors in women.

Introduction Cancer is one of the major causes Carcinogenesis depends on a variety of differ-

of death worldwide. Its prevalence increases ev-
ery year and is expected to surpass that of car-
diovascular diseases in the next few years.! Some
of breast cancers as well as endometrial cancer,
which are the most common female malignant
neoplasms, are considered estrogen-dependent
tumors. Estrogens play a key role in the devel-
opment and function of the female reproductive
tract. The prolonged exposure to estrogens, for
example, through early menarche, late meno-
pause, or the use of hormone replacement thera-
Py, is a known risk factor for these tumors. A pos-
itive correlation between high levels of circulat-
ing estrogens with breast and endometrial can-
cers was found.?? The other risk factors for these
neoplasms are those associated with modern life-
style such as sedentary life, which leads to obesi-
ty, as well as late first pregnancy.

ent mechanisms and factors, both genetic and
environmental (chemicals, radiation, viruses).®
Chemical factors include well-known carcinogens
such as benzene, asbestos, or formaldehyde. The
role of endocrine disrupting chemicals (EDCs) in
carcinogenesis has not yet been fully explored.
EDCs influence hormonal profile interactions,
and therefore may lead to hormone-dependent
carcinogenesis. The timing of exposure to en-
vironmental factors is essential to the develop-
ment of cancer.

The aim of this review was to present the po-
tential adverse health effects of exposure to EDCs,
and the role of avoiding exposure to these chem-
icals in the prevention of breast and endometri-
al cancers.
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Endocrine disrupting chemicals ~ Civilization, indus-
trialization, and urbanization alter the world in
a way that continuously exposes humans to sig-
nificant doses and variety of chemicals. Air, wa-
ter, and food contamination as well as unhealthy
lifestyle, involving tobacco smoking and bad di-
etary habits, increase the prevalence of cancer.
The chemicals could act as carcinogens that di-
rectly or indirectly cause genomic damage, ge-
nome instability, or epigenetic modifications and
impair cellular regulatory processes involved in
apoptosis.® Thus, these substances may influence
cancer development and progression, as well as
the effectiveness of treatment.

According to the definition proposed by the
World Health Organization (WHO), EDCs are
exogenous substances or mixtures that alter
function(s) of the endocrine system and conse-
quently cause adverse effects in an intact organ-
ism, or its progeny, or (sub)populations.’ Close
to 800 chemicals are known or suspected to have
the endocrine disrupting potential.® Among them,
bisphenol A (BPA), esters of the phthalic acid
(phthalates, PAE), hexachlorobenzene (HCB),
polychlorinated biphenyls (PCBs), dichlorodi-
phenyltrichloroethane (DDT) and its metabo-
lites, as well as parabens are suspected to be in-
volved in the pathogenesis of hormone-dependent
cancers.’ These substances, due to their phenolic
structures, can interact with estrogen, androgen,
and progesterone receptors.

Exposure to endocrine disrupting chemicals People
are exposed to a number of known and unknown
EDCs with different properties and mechanisms
of action. Such exposure occurs directly and in-
directly, in different concentrations and timing,
including in utero exposure. The pervasive pres-
ence of EDCs means the ongoing exposure of fe-
tuses, neonates, children, teenagers, and adults
to the mixtures of chemicals. The persistence of
EDCs in the environment, as well as their tox-
icity and bioaccumulation in various organisms
(even at very low concentrations) may have neg-
ative impact on human health.

BPA and PAE are commonly used as plasticiz-
ers in food packaging, bottles, electronic equip-
ment, cosmetics, medical devices, and children’s
toys. They are also present in enteric coatings of
pharmaceutical pills, printing inks, textiles, den-
tal sealing, carbonless receipts, eye lenses, and
water pipes.'? PCBs are used in industrial chemis-
try for the production of electronic transformers,
capacitors, and cooling fluids. Food is the major
source of human exposure to EDCs. Contamina-
tion with BPA and PAE can be caused by the mi-
gration to food stored in polycarbonate plastics
or cans coated with epoxy resins. The tempera-
ture and time of heating as well as food compo-
sition play a key role in BPA and PAE releasing
from food storage. The oral exposure is enhanced
by consuming fresh food containing phytoes-
trogens or contaminated with organochlorines
(ie, PCB). The other ways of exposure to EDCs

include inhalation (home dust) or transdermal
route (thermal paper, cosmetics).

Estrogen receptors: the key modulators of the action
of endocrine disrupting chemicals
gens: 17B-estradiol and estrone act on target tis-
sues via 2 subtypes of estrogen receptors (ERs),
ERa and ERB," which are ligand-dependent tran-
scription factors and interact with DNA sequenc-
es called estrogen-responsive elements. These re-
ceptors vary in tissue distribution and transcrip-
tional activities.'? In animal studies, ERa can me-
diate the estrogen-induced proliferation, whereas
ERp repress the proliferation and promote apop-
tosis.® There are two ways of estrogen signaling.
The classic pathway, called “genomic”, is mediat-
ed by ERs located in the nucleus. It modulates
the expression of selected genes, thus influenc-
ing the selected mRNA and protein levels.'* The
second, nongenomic pathway involves the mem-
brane-bound ERs. This pathway is more rapid and
is based on cellular signal transductions via calci-
um ions, nitric oxide," tyrosine kinases, mitogen-
-activated protein kinases (MAPK),'® adenylyl cy-
clase," as well as phospholipase C.'® Target cells
are able to modulate the response to estrogens
via a variety of mechanisms: inhibition of ER ex-
pression by ER gene transcription blockage,'® ER
proteolysis,?® and epigenetic methylation of the
ERa gene.”’

EDCs potentially interfere with estrogen-
-dependent cell signaling (genomic and nonge-
nomic pathways), leading to carcinogenesis in dif-
ferent ways. For example, EDCs can alter the ac-
tivity of enzymes involved in estrogen steroido-
genesis, resulting in increased serum estrogen
concentrations.? These results were reported both
for benign and malignant neoplasms of the fe-
male reproductive system.

The main estro-

Effect of endocrine disrupting chemicals on estrogen-
-dependent processes that may be involved in car-
cinogenesis The growth and proliferation of
estrogen-dependent tumor cells require the pres-
ence of ER; thus, many of cancer cells are charac-
terized by the upregulation of ERa and/or ERB.?
The clinical effects of the modulatory impact of
exogenous ER-ligands was shown, among others,
for tamoxifen and its derivatives (raloxifen, to-
remifen), nowadays called selective estrogen re-
ceptor modulators, which show antagonistic ef-
fects in breast cancer cells and agonistic—in en-
dometrial cancer cells.”* As EDCs can interact with
ERs, these chemicals can influence cell cycle and
proliferation. EDCs, such as PAE and brominated
flame retardants, may lead to cyclin D1 upregu-
lation and p21 protein downregulation (proteins
involved in the cell cycle regulation).?’ PAE was
found to influence the expression of cdk-4 and
lymphoid enhancer-binding factor 1 that may be
associated with disease progression.?8 EDCs may
act also on cell cycle via other molecular pathways
such as activation of protein kinase C, phospha-
tidylinositol 3-kinase, MAPK,?’ or p53 pathway.?
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The type of response and effects depend on a vari-
ety of factors including the type of EDC, the tar-
get tissue, ER expression, and the ERo/ERf ra-
tio, as well as the presence of different cofactors.

Genome instability, defined as an increased
tendency of a genome to acquire mutations, is
one of the main mechanisms leading to cancer
development.?® It is a result of impairment of
DNA repair, DNA damage response, instability
of telomeres and disruption of their length, and
epigenetic modifications (DNA methylation, his-
tone modifications). Available evidence confirms
that low-dose exposure to EDCs impacts genome
instability. The most common plasticizers such as
BPA and PAE were shown to increase the epigen-
etic modifications such as changes in DNA meth-
ylation or histone modification.’’ BPA was shown
to act on the formation of micronuclei, impair-
ing the cell cycle’” and DNA damage response.®?
It may also disrupt the double-strand repair ma-
chinery leading to DNA instability.**

Exposure to endocrine disrupting chemicals and the
risk of breast cancer Breast cancer, the most com-
mon cancer in women, is increasing in prevalence
worldwide. In 2012, it was diagnosed among 1.67
million women. In comparison, according to the
WHO data, in 2008, there were 1.38 million cas-
es. By 2020, the number of women with breast
cancer is expected to reach 1.98 million.
Genetic factors, prolonged exposure to estro-
gens, obesity, high socioeconomic status, and
poor food quality are the proven risk factors for
breast cancer development.?* The risk of breast
cancer in adults depends on hormonal milieu
during pre- and perinatal life.3* EDCs that mim-
ic the action of estrogens may affect carcinogen-
esis in the mammary gland with different inten-
sity according to the type, dose,’ and the timing
of exposure.’’ Animal studies have shown that
throughout the life span EDCs may increase the
risk of breast cancer progression through differ-
ent mechanisms. These involve modifications of
the fetal mammary gland development (without

disruption
——= - cell cycle

genomijc - cell death
pathways .=* - genome instability

\t carcinogenesis

EDC progression (?)

Possible mechanisms of the effect of endocrine disrupting chemicals on carcinogenesis

morphological changes) that increase the carci-
nogenic sensitivity, or demonstrate tumor cell
growth through estrogenic signaling.3?

Currently, 216 chemicals are suspected to in-
crease the risk of mammary cancer.’® Addition-
ally, more than 100 EDC-related chemicals are
widespread mammary carcinogens,*’ and approx-
imately 60 lead directly to tumorigenesis in this
tissue.*’ Numerous EDCs, including atrazine, di-
ethylstilbestrol (DES), dibutylphthalate, polybro-
minated diphenyl ethers, and nonylphenol, were
described to interfere with the development of
the mammary gland.*? These substances may al-
ter the growth of this gland, influence gene and
protein expression, and cause changes in the num-
bers of terminal ducts and in histological struc-
ture of the breast tissue.*® A positive correlation
between breast cancer development and serum
concentrations of selected chemicals has been
reported.** The possible mechanisms of the ef-
fect of EDCs on carcinogenesis are summarized
in FIGURE 1.

In utero exposure to endocrine disrupting chemicals
and the risk of breast cancer Estrogens, among
other hormones and growth factors, such as pro-
lactin, oxytocin, insulin, insulin-like growth fac-
tor, growth hormone, thyroxin, and progester-
one, play the pivotal role in breast tissue devel-
opment.*! Prolonged exposure to EDCs may af-
fect the process of mammary gland development
by mimicking estrogenic action*® and influence
the prenatal formation of the breast tissue.*'*
The transfer of EDCs from the mother to fetus
via placenta, and to newborn offspring through
breast milk has been well described.*’ Some data
confirm high-specificity and binding affinity of
the EDCs to estrogen-related receptors gamma,
which are highly expressed in the placenta, devel-
oping fetus, and neonate.*® BPA, PAE, and their
metabolites were detected in the amniotic fluid,**
human placenta,’® umbilical cord blood,’" and
breast milk.5? Thus, they may significantly impact
the fetal and neonatal development. It has been
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postulated that perinatal exposure may be more
important to the development of breast tumor
than adult exposure.’® BPA may influence the fe-
tal stroma, which expresses the ER and thus may
alter developmental processes in breast tissue.%*
It may disrupt adipocyte differentiation in the
fat pad and periductal stroma through activating
the ER signaling in the mesenchyme, thus alter-
ing proper ductal development.®® Rats exposed
to low dose of BPA (2.5-25 pg/kg body weight)
in utero showed increased cell proliferation and
proliferation/apoptosis ratio in the mammary
gland compartments.*® Exposure to BPA during
prenatal life has also been shown to accelerate
and modify the alveolar buds.®?

Of note, this time of exposure may lead to epi-
genetic changes in fetal DNA.3% Animal mod-
els have shown that exposure to EDCs of a preg-
nant woman has resulted in epigenetic modifi-
cations and biological effects present up to the
third generation.®’

Pubertal and adult exposure to endocrine disrupting
chemicals and the risk of breast cancer Puberty is
the time of the intensive development of the ter-
minal endbuds of the mammary gland, the most
undifferentiated epithelial structures with high
sensitivity to carcinogens.®® Thus, this stage of
life may be very susceptible to the disrupting po-
tential of EDCs. The risk of progression to breast
cancer is associated with an increase in the num-
ber of terminal endbuds.*® The positive correla-
tion between exposure to different BPA concen-
trations and changes in these structures was con-
firmed in animal studies.®® Oral exposure to high-
er doses of BPA (5 pg — 5 mg/1 of drinking water
corresponding to 0.6 pg to 1.2 mg/kg body weight)
resulted in alterations in the number of terminal
endbuds. Likewise, after exposure to DES, peri-
natal exposure to BPA increases epithelial cell
numbers in the mammary gland in adulthood.?

The risk of breast cancer increases as wom-
en get older. At this stage of life, there are many
estrogen-dependent risk factors such as the use
of oral contraceptives and hormone-replacement
therapy, in addition to widespread exposure to
environmental EDCs. Occupational exposure
to EDCs was described in groups of cashiers ex-
posed to BPA from thermal paper,5? women em-
ployed in food canning or automotive plastics,®
and the manufactures of nonmetallic mineral
products and chemicals.? These occupations are
linked to higher exposure to EDCs and plasticiz-
ers and to higher risk of breast cancer, suggest-
ing the potential role of these chemicals in breast
carcinogenesis.

The adult exposure to BPA may play a role in
initiating the growth of estrogen-dependent tu-
mors.5? Animal studies support the data about
the ability of BPA to induce premalignant or ma-
lignant lesions®® and carcinoma in situ.®® The ex-
posure to BPA has increased also the expression
of enhancer of zeste homolog 2, a factor thought
to inhibit genes responsible for suppressing

tumor development and thus enhancing cancer
progression.®’

BPA as well as other EDCs may act via many
more pathways that may lead to increased risk
for carcinogenesis, than described in this paper.
Many of such molecular actions seem to be non-
classic and independent of ER. EDCs may also act
as obesogens, promoting obesity and thus indi-
rectly facilitating cancer development.®®

Epidemiological studies of exposure to endocrine
disrupting chemicals and the risk of breast can-
cer Studies of exposure to various EDCs and
the risk of breast cancer development in humans
are still limited. A positive correlation between
serum concentrations of monoethyl phthalate
(MEP), early menarche, and breast development
was found. Thus, perinatal exposure to phthal-
ates may impact the concentrations of sex hor-
mones during puberty and the timing of sexual
maturation.5®

High serum MEP and BPA concentrations cor-
related with higher breast tissue density. How-
ever, no association between other EDCs con-
centrations (including monobutyl phthalate, bu-
tyl paraben, nonylphenol, and octylphenol) with
this parameter was found.”® A positive correla-
tion, stronger in premenopausal women, was re-
ported between urinary concentrations of mono
(2-ethyl-5-oxohexyl) phthalate and breast cancer
prevalence. Moreover, fat tissue and serum con-
centrations of several organochlorines, including
PCB, have also shown a positive correlation with
breast cancer development.”!

In vitro and animal studies on the role of endocrine dis-
rupting chemicals in the pathogenesis of breast can-
cer Invitro studies evaluating the role of EDCs
in breast cancer typically consider the relation-
ship between exposure to a single EDC and spe-
cific cellular response. Despite such limitation,
this method of modeling is useful in predicting
biological effects of EDCs.

Estradiol and low dose of BPA administered in
vitro enhanced the proliferation of human mam-
mary endothelial cells.”? Triclosan and octylphe-
nol were described to influence cell proliferation
by altering the expression of cyclin D1 and p21,
and G1/S phases transition of the cell cycle.” BPA
exposure leads to increased oxidative stress and
cellular proliferation.”* MCF-7 cells exposed to
low doses of BPA resulted also in intracellular
Ca? increase,’® which may affect cell proliferation
and migration, leading to cancer progression.’® It
was also reported that chemoresistance in both
ERa-positive and ERa-negative breast cancer cells
might be linked with the exposure to low doses of
BPA.”7 As slow-dividing progenitor cells are more
vulnerable to the environmental factors and epi-
genetic mechanisms,’® some studies confirming
this theory have been conducted. It seems that
benzyl butyl phthalate may contribute to breast
cancer development via demethylation of ER pro-
moter-associated CpG islands.”? EDCs may also
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trigger epigenetic modification leading to silenc-
ing of the p53-ARF apoptotic pathway in different
breast cancer cell lines.?® There are also data con-
firming the effect of EDCs on nonprotein coding
RNA, which are differentially expressed in various
cancers, including breast cancer.®’ BPA induces the
activation of signal transduction pathways, which
mediate migration, AP-1/NFkB-DNA binding ac-
tivity, and the invasion process in breast cancer
cells.®? The similar observations were found for
the human breast epithelial cells, MCF-10A, ex-
posed in vitro to low doses of BPA, which induc-
es molecular changes in protein phosphorylation.
The increase of the c-Myc proto-oncogene, which
has a pivotal role in growth control, differentia-
tion, and apoptosis, leads to its abnormal expres-
sion characteristic of many tumors.%

In utero exposure to BPA resulted in signifi-
cant changes to inflammatory modulators with-
in mouse mammary tissue.® This suggested that
dysregulation of an immunoregulatory cytokine
(both proinflammatory and anti-inflammato-
ry) with subsequent immune dysfunction could
lead to a cellular microenvironment that pro-
motes breast cancer development. The immune
system plays a key role in preventing cancer be-
cause it is capable of detecting and destroying
transformed cells.

Exposure to endocrine disrupting chemicals and en-
dometrial cancer Endometrial cancer is the most
common gynecologic cancer that affects post-
menopausal women at an average age of 60 years
at diagnosis.? The risk factors for the endometri-
oid type are similar to those for other hormone-
-dependent tumors, such as breast cancer. There-
fore, prolonged exposure to EDCs with estrogen-
ic properties could cause the development of this
tumor. The studies on the role of EDCs in endo-
metrial cancer are much more limited compared
to those involving breast cancer.

In vitro and animal models for evaluation of exposure
to endocrine disrupting chemicals and the risk of en-
dometrial cancer In vitro studies have confirmed
the estrogenic potential of BPA in human endo-
metrial cells.8® EDCs have influenced human en-
dometrial endothelial cell proliferation and the
viability of these cells in vitro.®” Notably, in vi-
tro treatment with DEHP leads to increased vi-
ability of endometrial stromal cells.?¢ BPA also
influences endometrial angiogenesis in vitro.%
BPA could promote migration and invasion abil-
ity of human endometrial carcinoma cells by in-
ducing cyclooxygenase 2 (COX-2) gene expression
through the mechanisms involving the MAPK
pathway and epithelial-to-mesenchymal transi-
tion (EMT), a process in which epithelial cells lose
their cell-cell junctions and acquire the mesenchy-
mal phenotype.? The elevated COX-2 level could
promote cancer progression by inducing various
effects such as invasion, angiogenesis, suppres-
sion of host immunity, resistance to apoptosis,
and EMT. Numerous studies indicated that EMT

plays a key role in tumor progression, metasta-
sis, and recurrence.

Animal studies have shown that neonatal ex-
posure to BPA has resulted in severe patholo-
gies of the uterus including atypical hyperpla-
sia.’" Similar results were observed after neonatal
treatment of mice with DES and genistein, which
led to the development of uterine adenocarcino-
ma.%? The influence of BPA on uterine progress
and pathophysiology were described by Suvorov
et al.% Postnatal BPA exposure affects the steroid
hormone-responsiveness of the uterine stroma,
and may influence the expression of morphoregu-
lator genes such as Hox genes involved in uterine
development.? In utero exposure of rats to BPA
promotes uterine disruption in offspring, which
is connected with dysregulation of ER. Admin-
istration of DEHP may lead to compromised en-
dometrial receptivity.% Moreover, DEHP was de-
scribed to disrupt the MAPK and NF-«B signal-
ing pathways,%” which are crucial molecular path-
ways in cellular signaling.

Epidemiologic studies of exposure to endocrine dis-
rupting chemicals and endometrial cancer In-
creased levels of dichlorodiphenyldichloroeth-
ylene (DDE, the metabolite of DDT), HCB, and
some congeners of PCB were detected in abdom-
inal adipose tissue of patients with endometrial
stromal sarcoma, which supports the thesis of
their tendency towards bioaccumulation in hu-
man tissues and may probably facilitate their neg-
ative impact on cells.%® There were also other data
suggesting the possible role of DDE in endome-
trial cancer.®® No increased risk for endometrial
cancer after organochlorine exposure was report-
ed.'% However, further studies are needed to find
more correlations between exposure to EDC and
the risk of this cancer.

Conclusions  The prevalence of breast and en-
dometrial cancers increases dramatically every
year, thus their prevention is of human benefit.
Hundreds of substances with endocrine disrupt-
ing potential have been identified in our environ-
ment, as well as in human biological fluids and tis-
sues. BPA has gained much attention because of
its ubiquitous presence in the environment. De-
spite accumulated evidence linking EDCs expo-
sure to mammary and endometrial carcinogen-
esis, the mechanisms by which EDCs affect the
development of these tissues and increase cancer
risk as well as cancer progression are unknown.
Results from animal research may not be directly
applicable to humans. Owing to chemical struc-
tures of EDCs, they interact with steroid receptors
and could impact the cellular processes leading to
potential carcinogenesis by genomic and nonge-
nomic molecular pathways across the life course.
Immune dysfunction that leads to a cellular mi-
croenvironment that promotes cancer develop-
ment is another postulated mechanism. Moth-
ers exposed to EDCs transfer them via the placen-
ta to the fetus and increase the risk of epigenetic
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DNA changes in offspring, promoting the higher
risk for cancer development long after cessation
of exposure. Such effect could influence up to 3
generations. The number of man-made EDCs is
still growing as industrialization advances. Thus,
the exposure to them of fetuses, neonates, chil-
dren, and adults is dramatically increased and pro-
longed. Environmental exposure to these chemi-
cals typically occur in combination, thereby com-
plicating the ability to identify whether one or
more substances are implicated in cancer develop-
ment and cancer risk in women, including breast
and endometrial cancers. It is of human benefit
to avoid exposure to EDCs. Higher consciousness
and better protection of pregnant and lactating
women as well as young children is crucial to avoid
the adverse health effects in the next generations.
The increased precaution to reduce the EDC expo-
sure among these vulnerable groups may be the
key aspect in the prevention of estrogen-related
cancers. Institutions representing medicine, sci-
ence, industry, and governments should develop
joint strategies to reduce the exposure to EDCs
and to increase cancer prevention. Additionally,
informing women on how to avoid EDCs in dai-
ly life may bring positive effects.
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STRESZCZENIE

Postep cywilizacyjny, industrializacja i urbanizacja tworzg $rodowisko, w ktérym ludzie stale narazeni
sg na zwigzki endokrynnie czynne (endocrine disrupting chemicals — EDC). Cze$¢ rakéw gruczotu pier-
siowego i endometrium, stanowiace jedne z najczestszych nowotwordéw zto$liwych u kobiet, sg guzami
estrogenozaleznymi. Przedtuzona ekspozycja na estrogeny lub substancje o dziataniu estrogennym moga
by¢ czynnikiem ryzyka rozwoju tych nowotworéw. Celem pracy byto oméwienie potencjalnego nega-
tywnego wptywu EDC na zdrowie cztowieka, w tym roli tych substancji w procesie hormonozalezne;
karcynogenezy. Dokonano przegladu pi$miennictwa dotyczacego Zrédet srodowiskowego narazenia na EDC
oraz molekularnych mechanizméw dziatania EDC. Przeanalizowano potencjalne mechanizmy dotyczace
sposobu, w ramach ktérych substancije te wptywajg na czynno$¢ uktadu dokrewnego, w konsekwencji
wywotujac negatywne skutki zdrowotne. W $rodowisku cztowieka wykryto setki substancji o wiasciwo-
$ciach endokrynnych. Pojawia sie coraz wigcej dowoddw istnienia korelacji miedzy ekspozycja na EDC
a rozwojem raka piersi i raka endometrium. Poprzez interakcje z receptorami steroidowymi EDC moga
wptywac na procesy komérkowe potencjalnie prowadzace do karcynogenezy. Istniejg réwniez dane
wskazujace na wystepowanie zaburzen immunologicznych pod wptywem EDC. Cztowiek, w czasie swo-
jego zycia, narazony jest zwykle na mieszanine réznych EDC, co utrudnia oceng wptywu poszczegdlnych
substancji czy zwigzkéw na ryzyko rozwoju nowotworu. Czesto§¢ wystepowania u kobiet nowotworéw
hormonozaleznych stale wzrasta, dlatego ich skuteczna prewencja jest niezwykle istotna dla ludzko$ci.
Instytucje reprezentujgce medycyne, nauke, przemyst oraz wtadze powinny stworzy¢ wspdlng strategie
dziatania w celu ograniczenia narazenia na EDC, a w konsekwencji zmniejszenia ryzyka wystepowania
hormonozaleznych nowotwordw u kobiet.
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