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Abstract. Evaluation of carcinogenic substances from the
environment is a challenge for scientists. Recently, a novel
approach based on 10 key characteristics of human carcinogens classified by the International Agency for Research on
Cancer (IARC) has emerged. Carcinogenesis depends on
different mechanisms and factors, including genetic, infectious (bacteria, viruses) and environmental (chemicals) factors.
Endocrine disruptors are exogenous chemicals that can interfere and impair the function of the endocrine system due to their
interaction with estrogen receptors or their estrogen signaling
pathways inducing adverse effects in the normal mammary
development, originating cancer. They are heterogeneous
chemicals and include numerous synthetic substances used
worldwide in agriculture, industry and consumer products.
The most common are plasticizers, such as bisphenol A (BPA),
pesticides, such as dichlorodiphenyltrichloroethane, and polychlorinated biphenyls (PCBs). Xenoestrogens appear to serve
an important role in the increased incidence of breast cancer
in the United States and numerous other countries. Several
studies have demonstrated the role of organochlorine xenoestrogens in breast cancer. Therefore, the overall cumulative
exposure of women to estrogens results in an increased risk
for this type of cancer. Factors like lifestyle and diet also serve
a role in the increased incidence of this disease. The aim of the
present study was to analyze these chemical compounds based
on the key characteristics given by the IARC, with a special
focus on breast cancer, to establish whether these compounds
are carcinogens, and to create a model for future analysis of
other endocrine disruptors.
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1. Introduction
Carcinogenesis is a result of an extended process that
depends on a variety of different mechanisms and factors
as genetic, infectious (bacteria, viruses) and environmental
(chemicals) (1). Nowadays, some chemicals agents are fundamental in our everyday life and contribute to simplifying our
daily activities. However, it is well‑known that long‑lasting
exposure can be harmful to humans. For many years a proper
evaluation of these substances and their classification as a
carcinogen has been an issue and a challenge for scientists (2).
International agencies have been aware of this matter, thus,
the International Agency for Research on Cancer (IARC),
with a group of experts, has introduced a new approach for
analyzing carcinogens. They agreed on a classification based
on 10 common characteristics of these agents regarding their
mechanistic information (3,4). Therefore, providing a more
reliable way to deal with that evaluation difficulty. After a
debate, they concluded that a chemical compound that exhibits
more than one of these characteristics must be sufficient
to be considered as a carcinogenic agent to humans, ergo
belonging to group 1 according to the IARC. Although many
environmental compounds have been evaluated according
to the IARC classification there are still many unclassified.
To know whether those compounds are or not carcinogenic
to humans will open a vast possibility for policymakers,
governments, scientists and the industry to implement and
look for new compounds less harmful to living organisms
including humans. Regarding environmental compounds
to be evaluated, we focused on those known as endocrine
disruptors chemicals (EDCs), due to their relevance in breast
cancer.
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As a general statement, endocrine disruptors are chemical
compounds mainly derived from industrial manufacture
that can interfere with the normal function of the endocrine
system (5). Most of these chemicals are widely used in agriculture, industry and many consumer products. Principally,
their effects are due to their interaction with endocrine
receptors, such as estrogen receptors (ERs) or alteration of
their signaling pathways (6); therefore, they can interfere
with the normal development and function of a certain organ
affecting the normal cell growth (7). Some plasticizers such
as bisphenol A (BPA), pesticides as dichlorodiphenyltrichloroethane (DDT) and polychlorinated biphenyls (PCBs) (8) are
well‑known endocrine disruptor and a proper assessment will
give more insight regarding their carcinogenic properties.
It is well known that estrogen is one of the key hormones
required in puberty and that is crucial for sexual differentiation.
Besides, taking into account that most of the environmental
chemicals, called estrogen disruptors or xenoestrogens, are
environmental pollutants and at the same time are hormonal
modulators (estrogen/androgen); and that they can dysregulate hypothalamic‑pituitary‑gonadal axis potentially either
inducing reproductive disorders or cancer; thus, the evaluation
of endocrine disruptors and understanding of their biological
effects is crucial. Strikingly, the structural similarity of
estrogen disruptors with estrogen allows them to bind and activate estrogen receptors and show a similar response even in
their absence, which can lead to precocious puberty or cancer
signs (8,9).
Xenoestrogens seem to play an important role in the
increased incidence of breast cancer in the United States and
many other countries (10,11). Several studies have demonstrated the role of organochlorine xenoestrogens in breast
cancer. Thus, the overall cumulative exposure of women to
estrogens results in an increased risk for this type of cancer,
including risk factors as age at menarche, age at first birth,
age at natural menopause, parity, and obesity (postmenopausal) (12). Other factors as lifestyle and diet also play a role
in the increased incidence of this disease in Oriental women
(low incidence) who migrate to the United States (13). Davis
and co‑workers (10,11) hypothesized that changes in exposures
to xenoestrogenic substances might partly account for recent
trends in breast cancer.
Most known EDCs have estrogenic and/or anti‑androgenic
actions and just only a few have androgenic or anti‑estrogenic
effects. Thus, it appears plausible that they interfere with the
normal onset of puberty or in another stage of hormone‑dependent growth. Therefore, disruption of that system by exposure to
environmental hormone‑mimicking substances (i.e., endocrine
disruptors) may affect profoundly the normal development.
Hormone‑like effects involved different aspects of human
health, such as alteration of male and female reproductive
organs, immune and nervous system alteration, metabolism
and obesity manifestation arising cancer risk (14‑19). Despite
some doubts concerning the direct influence of EDCs on
certain hormone‑dependent cancers as breast, prostate, ovaries
or testicular cancers, it is clear that disruption of the normal
endocrine function can cause long‑term effects not only in
initiation but also in cancer progression. There are several
case reports of accidental exposure to estrogenic compounds
in cosmetic products, food, and pharmaceuticals correlated

with the outbreak of epidemics of premature thelarche in some
geographical areas that have also been suggested to be linked
to exposure to estrogen disruptors (8).
Estrogen‑like EDCs are abundantly in our environment
including DDT, dioxin, PCBs, and BPA. These are exogenous,
men‑made chemicals found in various plastic products,
flame‑retardants, pesticides and many other products used on
a daily basis (8,9,20). In general, some of the major effects
of EDCs are on puberty, a period of rapid physiological
changes like a growth spurt, maturation of the gonads and
the brain, affecting the normal function of the endocrine
system and causing various health defects by interfering with
the synthesis, metabolism, and cellular responses of natural
estrogens. In particular, the widespread presence of EDCs is
suspected to contribute to the trend of earlier pubertal onset.
In addition, fetus development, another phase of rapid cellular
growth is also greatly affected. Factors regulating the physiological onset of puberty or mammary gland development in
utero upon environmental pollutants are complex and poorly
understood, thus hampering investigation of the possible role
of environmental pollutants and cancer inductors (9).
2. Data collection methods
For this review article, a thorough search on MEDLINE
(through PubMed), Web of Science, and SCOPUS was
performed, from inception to March 2019, in order to identify
studies addressing the association between BPA, DDT, PCBs
and the 10 key characteristics of known human carcinogens
provided by IARC (4).
3. Bisphenol A (BPA)
BPA is a synthetic‑chemical substance present in several
consumer goods that are daily used. It is applied to manufactured plastic bottles, epoxy resins for metal food and drink
cans, dental sealants and thermal paper production. The
main route by which humans are exposed to BPA is via oral
consumption, that is, contaminated drinks and food resulted
from high heat or physical manipulation of these products (21).
In the USA approximately 95% of the population has high
levels of BPA in urine (22). Sorely, this compound has been
related to human cancer. It has been reported that high levels
of BPA in humans increase breast cancer risk since it acts
as an estrogen‑like interacting with the estrogen receptor‑α
(ERα) (23), therefore, inducing cell proliferation by reducing
apoptosis rate (24) and changing gene expression with low
breast cancer prognosis (25).
BPA alters cell proliferation, cell death, or nutrient supply.
Several data demonstrate the effect of BPA on cell proliferation. There are some epidemiological studies that have shown
a correlation between BPA exposure and human cancers (26).
Authors (27) demonstrated that rats exposed to BPA in their
prenatal stage had their mammary gland signaling pathways
associated with the cell cycle, the developmental processes,
apoptosis, and metabolism altered. On the other hand, the
exposure to BPA in the early stages of uterine development is
fundamental in the increase of risk cancer (26,28,29) and the
susceptibility for cancer progression (27).

ONCOLOGY LETTERS 20: 19-32, 2020

Other approaches in vitro indicated that BPA stimulated
growth in an estrogen‑dependent manner in breast cancer
tissues (30). An interesting study evidenced that exogenous
hormone‑like compounds or phytohormones exhibited similar
gene profiles to the endogenous hormone estradiol, crucial for
cell growth at initial phases of development (31). Moreover,
epigenetics and genetics modifications are observed in
epithelial cells affecting at a certain level the normal cell
growth (30). To know more in detail regarding the biological
effects of BPA upon mammary gland, a study of gene expression profile has been made, indicating that a high dose of this
chemical induces changes in genes related to differentiation,
proliferation, immune system, growth, and stress suggesting
adverse effects on developmental processes in the mammary
gland (32). In addition, modification of proliferation and gene
expression was also observed in human ovarian cancer cells
when they were exposed to environmental BPA concentrations (33). Despite all this evidence, the current knowledge
regarding the molecular mechanisms by which BPA acts is not
enough and further studies are necessary to understand more
in detail the specific signaling involved in each type of cancer
since each one has its own mechanism of action (34).
The effects of prenatal exposure to BPA on the rat mammary
gland at different ages of development were studied and data
indicated that exposure to this xenobiotic induced subtle but
important modifications on the mammary gland that were
dose‑and time‑dependant and it affected the susceptibility of
the gland to transformation (28,32,35). BPA exposure induced
changes in the number of the most undifferentiated epithelial
structures (TEB and TD), together with modifications in the
expression of several genes at different ages, long after the end of
the exposure. Furthermore, the low dose also modified the gene
expression profile of the gland as a function of age (28,32,35).
The higher susceptibility of TEB to neoplastic transformation
was attributed to the fact that this was composed of the active
proliferating epithelium (36). Thus, results suggested important modifications in the morphology of the mammary gland
as an increase in the number of the structures that were a target
for carcinogens and had an effect on breast cancer susceptibility later in life (36‑38). Authors (39‑41) postulated that the
mechanism of pregnancy‑induced protection was mediated
by the induction of mammary gland differentiation driven by
the hormonal milieu of pregnancy, which created a specific
genomic signature in the mammary gland that made this organ
permanently refractory to carcinogenesis. Hence, they used
parameters related to differentiation and proliferation activity
as markers to assess modifications in the susceptibility induced
carcinogenesis by the effect of BPA exposure. On the other
hand, the protective effect of parity seemed to be caused by
persistent changes in circulating hormones or growth factors
rather than local effects on the mammary gland (42,43). Other
authors (44,45) proposed that the changes occurring in the
mammary gland that affected its resistance to transformation occurred during the process of involution that followed
pregnancy and lactation by eliminating pre‑malignant cells
or cells that were particularly susceptible to oncogenic transformation, thus avoiding the progression to an invasive state.
This interesting hypothesis was not radically different from
the one first proposed by Hu et al (46) who postulated that
the Lob 1 and the TEB found in the breast of nulliparous
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women or of young virgin rats respectively, did not completed
their differentiation into Lob 2, Lob 3, and Lob 4, then BPA
exposure induced changes in the mammary gland that were
time‑ and dose‑specific. Prenatal exposure to the non‑steroidal
estrogen diethylstilbestrol has been associated with increased
breast cancer risk (47), whereas neonatal exposure reduced
the incidence of spontaneous (48) and induced mammary
tumors (49,50). Thus, exposure to estrogenic compounds,
especially in utero, acting as endocrine‑disrupting chemicals
might have potential adverse effects on hormone‑sensitive
organs such as the breast (32).
BPA is genotoxic. Although different international organizations, regulatory entities, and manufacturing industries have
been involved in the discussion regarding BPA there are still
some concerns about its genotoxicity and human safety (51).
It has been shown that BPA produces reactive oxygen species
(ROS) affecting the normal functioning of mitochondria,
causing DNA damage and changing the expression of some
genes due to DNA methylation (52). Particularly, genotoxic
effects have been observed in ERα‑negative mammary cells,
where nanomolar concentrations of BPA are enough to exhibit
proliferative effects. The molecular mechanism at low‑doses
of BPA involves the up‑regulation of c‑Myc and other proteins
associated with cell‑cycle in mammary cells, eventually
inducing cell proliferation (53,54).
BPA modulates receptor‑mediated effects. As it was mentioned
before, BPA is known as an endocrine disruptor due to its
capacity to alter the endocrine system function. For instance,
it has been reported that at micromolar doses BPA has a
considerable affinity for ER when it is compared with other
phenol compounds. Besides, in MCF7 cell line studies it has
been proven that BPA induces proteins that are regulated by
estrogen, therefore mimicking 17β‑estradiol (E2) but not only
in vitro but also in vivo, being considered for some authors
as an agonist for this hormone (55). Structurally speaking
it is possible to say that the ER form a hydrophobic pocket
were this diphenylmethane can be docked in a non‑coplanar
manner, consequently, the endogenous ligand does not have
access. Therefore, it has been proposed that BPA can serve
as an allosteric modulator. Interestingly, this interference does
not only affect the binding with the estrogen but also affects
the communication between the ligand‑binding domain (LBD)
and the DNA binding domain (DBD) (56).
Others (23) reported the effects of BPA and BP ‑another
structurally similar estrogenic ligand‑ on critical physiological
responses such as growth and apoptosis in breast cancer
cells. The same authors also reported that small differences
in the shape of the complex ligand‑ERα had a stronger effect
on estrogen‑induced apoptosis than replication induced
by estrogen in breast cancer cells. Due to their structural
compositions, some bisphenol derivatives such as bisphenol‑S
(BPS) and bisphenol‑F (BPF) have been used to replace BPA.
Unfortunately, it has been demonstrated that similarly to their
analog they exert some cancer progression properties as well.
By the study of protein expression, migration and proliferation
it was determined that these compounds were involved in the
ER‑dependent pathway, likewise, BPA, mimicking endogenous estrogen (57). Thus, cells under BPA treatment gained
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mesenchymal phenotypes via the epithelial‑mesenchymal
transition process (EMT) with further migration potential.
Regarding E2, it has been demonstrated that physiological
concentrations of E2 along with a low dose of BPA (10 ‑9 mol/l)
can decrease the apoptosis rate (24). Therefore, supporting the
fact the BPA can indeed modify the receptor‑mediated effects
but also affects the biological result of the endogenous ligand.
As mentioned before, BPA causes a conformational change of
the receptor and this can be also done by other compounds
such as synthetic estrogen, diethylstilbestrol that through steric
and electrostatic features can alter the structure of the estrogen
receptor. Moreover, this modification results in an alteration
of gene expression even though BPA can evenly interact with
ERα and ERβ (58).
Nevertheless, it is important to take into account the route
of administration since BPA is metabolized preferentially in
the liver via glucoronidation. Therefore, its response may vary
depending on the type of exposure, dose, duration, as well as
the stage in life when it occurred (59). Thus, many studies have
mainly demonstrated the importance during fetal exposure,
since BPA can cause severe and long‑lasting effects such as
abnormal reproductive organs and a significant increase in
pre‑neoplastic lesions, and intraductal proliferation contributing to cancer formation (60,61). On the other hand, it has been
shown that ERs are also located at extranuclear‑sites, such as
membrane or cytosol, activating other than the classical transcription via estrogen receptor elements (EREs). Even more
surprisingly, it is the fact that this outside‑nucleus‑activation
can induce other signaling molecules exerting gene expression as well, making active other endocrine receptors such
as G‑coupled protein receptors, estrogen‑related receptor
gamma, and thyroid receptors (62).
BPA is immunosuppressive. It is well known that inflammatory
responses are important during the early stages of damage.
However, when this condition becomes chronic can cause
several inflammation‑related diseases. Thus, the influence of
BPA has been demonstrated on the inflammatory response via
alteration of the immune system and through changes in their
cells, altering cell proliferation and functioning (63). There
are many receptors involved in the immunity response, for
example, ERs, which are closely related to the such system
since it has been shown their influence to mediate their
response. Likewise, BPA can bind to other receptors relevant
in the immune system response such as aryl‑hydrocarbon
receptor (AhR), Toll‑like receptors (TLRs) and peroxisome
proliferator‑activated receptor (PPAR) affecting, directly and
indirectly, the response (63‑66).
Noticeably, the relationship between BPA and ERs affects
the immune system and the inflammatory response, presumably linked via cross‑talking. It has been shown that activation
of ERs can modulate the type 1 helper cell immunity and type 2
helper (Th1)/(Th2) ratio (67). Naturally, the presence and the
effect to exert will depend on physiological and pathological
conditions, stage of development of the immune system, type
of cell, and dose/time of exposure to BPA. Even though BPA is
a recognized EDC, the study of these effects largely depends
on the dose/concentration, exposure period, clearance and
metabolism, sample source, and adult or pre‑perinatal exposure among others (68).

BPA alters DNA repair or causes genomic instability.
Ligand‑receptor interaction is a complex process that brings
out a sophisticated network of communication with a wide
spectrum of effects. Interestingly, this cross‑communication
can occur at different places of the target cell. For instance,
beyond the classical ER genomic pathway, steroids can also
elicit a rapid non‑genomic cascade via secondary signaling
pathways due to its subtype or receptor localized in the
membrane, therefore activating the mitogen‑activated protein
kinase MAPK cascade (69). The mitogen‑activated protein
kinase is in turn related to different mitogens and oncogenes
enlarging the spectrum of interactions to eventually modulate
DNA sequences related to proliferation or even anti‑apoptotic
processes (69).
Even though upstream mediators like Ras or Src are
complex to analyze due to their multiple interactions it has
been proved that only following MAPK pathway is enough
to demonstrate the effects on DNA, particularly chromosome
alteration, demonstrated via induction of Ras overexpression
with a subsequent increase of micronucleus frequency (sign
of DNA damage) (70). Similarly, BPA can trigger the same
responses due to its versatility. Interacting with ERs, this EDC
activates the non‑genomic route such as phosphorylation of
Erk1/Erk2 (71), thus affecting the phosphorylation state of
subsequent mediators to finally alter the gene transcription or
DNA stability as described above.
BPA induces epigenetic alterations. An epigenetic
alteration is an inherited non‑genomic alteration. It can
involve DNA hypermethylation/hypomethylation, histone
post‑translational modifications (acetylation, methylation,
phosphorylation, ubiquitination and ADP ribosylation)
and other regulatory mechanisms such as expression of
non‑coding RNAs (ncRNAs) (72,73). All these are indeed
fundamental in the early stages of development such as a
perinatal period. Briefly, the DNA methylation is normally
related to modulation in gene promoters (repression) and
is mainly present in the CpG dinucleotide sequence (74).
Regarding the histone post‑translational modification, it refers
to modifications that affect the histone structure with further
DNA‑access‑difficulties, thus changing the expression of
certain genes. The ncRNAs are another kind of inheritable
regulator which acts at mRNA level triggering degradation or
translation inhibition (75).
For these epigenetic changes to be inherited they must
occur at early phases of the prenatal development, particularly
during the programming and reprogramming gene expression
and it is evident that any environmental contaminant will have
a tremendous effect on the proper cellular growth and for
future generations. As mentioned before, BPA can be a ligand
for ERs, causing many effects at different levels that seem to
be linked to epigenetic changes that may be one of the plausible molecular mechanisms (76,77). Epigenetic effects have
been studied over the last decade and many environmental
factors have been published. For instance, Morgan et al (78)
in 1999 studied the influence of epigenetic modification on the
offspring phenotype, being a change that can be transferred to
another generation. An interesting study showed that maternal
exposure to BPA significantly changed the coat color of the
agouti (Avy) mouse offspring due to the hypomethylation in the
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cytosine‑guanine (CpG) dinucleotide sites within the Agouti
gene, especially, in the intracisternal A particle. Remarkably,
this effect was reverted by changing the maternal dietary,
providing a source of the methyl group via folic acid supplementation (79).
Molecular effects can also be caused by exogenous estrogen
compounds since it has been shown that exposure to BPA, as
well as, low doses of estradiol can cause important effects such
as the modulation of cell cycle or apoptosis via epigenetics
mechanisms and even increasing the cancer risk in the adult
period. It has been suggested that neonatal exposure to BPA
or other estrogen‑like compounds induces hypomethylation of
phosphodiesterase type 4 variant 4 (PDE4D4) repressor genes,
eventually causing prostate carcinogenesis (72,73). Likewise,
early and long‑term exposure to low doses of BPA increases
the susceptibility of breast neoplasm in adults. It is postulated
that this long‑term exposure also may induce a ligand‑independent response. However, the mechanisms by which the
effects of BPA exposure are transferred onto the offspring are
still not well known. More than 100 genes have been related to
tumorigenesis, which under the influence of BPA can modulate the tumorigenesis. For instance, the lysosomal‑associated
membrane protein 3 (LAMP3) is hypermethylated under BPA
exposure in CpG island, therefore, reducing the expression.
This heritable influence on gene expression was observed in
ERα positive breast tumor as well (74).
BPA affects histones by increasing the expression of the
histone methyltransferase. A study done in MCF7 cells linked
the histone modification to breast cancer risk in animals,
particularly, the expression of histone methyltransferase, Zeste
Homolog 2 (EZH2) in mice exposed to BPA and diethylstilbestrol (DES), another EDC, these changes are modulated
by DNA methylation and histone structure modification.
These modifications on EZH2 are associated with mammary
tissue/gland alterations increasing the risk of breast cancer
later as adults (80,81).
BPA induces oxidative stress. Oxidative stress has been related
to aging and other degenerative diseases including cancer.
ROS are produced by biochemical reactions and they are
extensively affected by exogenous factors (82). These reactive
species affect different organs and can interact, unfortunately,
with several biomolecules. In this context, the most important
interaction is with the DNA, forming DNA‑protein interactions. Particularly, via 8 hydroxylation on the C‑8 position of
deoxyguanosine. Therefore, in order to repair this damage,
8‑hydroxy‑deoxyguanosine (8‑OH‑dG) is produced indicating
a DNA repair product. Thus, under BPA exposition, the
(8‑OH‑dG) can be considered as an oxidative stress biomarker
and as an index of DNA oxidation by hydroxyl radical on the
C‑8 position of deoxyguanosine (83). In vitro studies have
demonstrated an important change in the normal balance of
antioxidant species such as glutathione when micro molar
BPA concentrations are used (84).
In summary, despite years of investigation and the accumulation of results there still are some factors that must be probe
and considered to clarify the real effect of BPA in humans.
Most of the studies have focused on in vitro approaches.
As we mentioned above, BPA has been involved in many
interactions with nuclear receptors as well as extranuclear

23

receptors. Therefore, several pathways are activated but the
molecular mechanisms are not understood (85,86). Moreover,
dose‑response, direct‑effect measure, route of exposition,
cellular surrounding, cell type, organ affected and metabolism are just a few of the factors that must be considered and
included in order to get a better insight of the physiologic, toxic,
and carcinogenic effects of BPA in vivo and in epidemiological
studies (8,87). Therefore, the lack of evidence in experimental
animals and deficient epidemiological data regarding its
carcinogenicity in humans denote a need for more research
concerning BPA exposure and its effects in order to obtain
more knowledge to compare and establish some models that
will eventually enable us to understand BPA interactions and
their biological consequences.
4. Dichlorodiphenyltrichloroethane (DDT)
DDT, 1,1,1‑trichloro‑2,2‑bis(ƿ‑chlorophenyl)ethane, is a
synthetic pesticide widely used for disease‑vector control and
agriculture since the 1940s. It was an important substance in
malaria eradication but it was banned in the USA in 1972 and
was only allowed to be used in public health emergencies;
however, it is still largely used in developing countries for insect
control (88). Technically, it is composed of ƿ,ƿ´‑DDT; o,ƿ´‑DDT
and o,o´‑DDT forms. It is possible to find its main metabolite,
DDE (dichlorodiphenyldichloroethylene), as an environmental
contaminant as well (88). Human main‑route of exposure is by
direct contact or inhalation in those areas where this pesticide
is still under use. Nevertheless, due to its chemical features,
this compound is highly volatile and extensively spread. Since
its onset, it has been deposited into the land or the water, even
more surprisingly, it has been found in animals living thousands of kilometers away from the source of contamination
due to its long‑time‑biodegrading process (88,89), it is known
that both DDT and its main metabolite (DDE) have a half‑life
in humans of >5 years (90). However, in those countries where
this product has been banned the principal route of exposure is
by ingesting contaminated food, mainly meat, whereas the risk
for nursing infants delivery may be related to maternal DDT
levels, plus the environmental exposure to the pesticide (91).
DTT is bio‑accumulated in the lipid component of biological
systems with a slowly released into the bloodstream since it is
highly lipophilic and resistant to degradation. Its metabolites
have been associated with metabolic syndrome by interfering
with the weight control process and with carcinogenicity and
other diseases such as type 2 diabetes mellitus (92‑95). Besides,
reports have shown that DTT is able to bind the ER, therefore,
affecting all receptor‑mediated changes such as stimulation of
breast cancer cells to proliferate (96‑98).
DDT alters cell proliferation, cell death, or nutrient
s u p ply. From st ud ies eva lu at i ng t he ef fe ct s of
o,p'‑dichlorodiphenyltrichloroethane (o,p'‑DDT), and its
metabolites p,p'‑dichlorodiphenyldichloroethylene (p,p'‑DDE),
and p,p'‑dichlorodiphenyldichloroethane (p,p'‑DDD), it is
possible to mention that these compounds can modulate
many carcinogenesis‑related processes, including breast
cancer, underlining the relevance of persistent organic pollutants in the environment. Concerning the invasive potential,
DDT decreased cell viability in the less invasive MCF‑7
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cell line. However, no evident response was observed in
treated‑MDA‑MB‑231, being the most invasive cell line (99).
Acting through natural hormone pathways they can affect the
synthesis, metabolism, transport, or alter the hormone‑receptor
binding (99). In addition, they can interact with the aryl hydrocarbon receptor (AhR) altering the expression of enzymes such
as CYPP450. Thus, promoting cell growth and contributing to
abnormal physiological responses for further development and
progression of cancer (100). However, more epidemiological
studies are required in order to establish a direct relation
between DTT and its long‑term effects on carcinogenesis.
DDT is genotoxic. A few years ago and despite the efforts,
results from studies trying to determine whether DDT caused
genotoxic effects were divergent. The cytogenetic effect of
DDT was investigated in human blood cultures in vitro, and
although there was no correlation between DDT concentrations and chromosomal aberrations in cells, statistics showed
that at certain DDT concentrations (0.20, 4.05, and 8.72 mg/ml)
the proportion of cells with structural aberrations was significantly higher in respect to the controls (101). Some in vivo
studies have provided more data related to the genotoxicity
of DDT throughout the years. For instance, a study done in
mice indicated that after 24 h of DDT injection the chromosomal aberrations reached its maximum percentage (102).
Thereafter, it was described that DNA damage was among the
effects caused by DDT and its metabolites, which was demonstrated in both, in vitro and in vivo studies including human
and non‑human test systems (88). Nevertheless, is possible to
say that there still some unexplained mechanisms involved in
human carcinogenesis related to DDT.
DDT modulates receptor‑mediated effects. Pesticides,
including DTT and its metabolites, have demonstrated
their estrogenic activity in both in vivo and in vitro studies.
Several lines of evidence have investigated whether DDT
or its metabolites affect breast cancer risk. Those studies
included the identification of some congeners of DDT as
environmental estrogens. This action is due to the competition of these compounds with the endogenous hormone, E2 for
the receptor (103). Moreover, it has been published that DTT
can modulate the metabolism of the estrogen and other key
elements taking part in breast cancer development (104,105).
Some metabolic essays have shown that DDT can also inhibit
metabolic cooperation between cells, modifying the function
of the cells (106). However, due to limited evidence is not
possible to relate this compound (DDT) as a direct promoter
of mammary tumors and as an inhibitor of gap junctional
intercellular communication (107).
To have a clear scenario regarding the DDT‑ER interaction
in breast cancer or another cancer etiology is fundamental to
understand the molecular biology, this could also explain the
risk of breast cancer and how other estrogenic compounds
can modulate the effects of endogenous estrogen in cells and
tissues. To elucidate how estrogenic compounds can compete
with DDT by their estrogenic potential (108,109) some studies
have yielded several molecular mechanisms explaining this
interaction. For instance, it has been shown that DTT increased
the growth of HTB 133 cells by enhancing the ER‑DNA
specific binding to the specific ERE (estrogen response

elements) and also potentiates the activity of cyclin‑dependent
kinase 2 in MCF‑7 breast cancer cells but not ER‑negative
HTB 125 breast cells or rat liver epithelial cells (110). Besides,
there is evidence in vivo and in vitro that shows the influence
of DTT in the interaction of ER and specific genes promoting
cell proliferation (11,109), in fact, DTT can also bind to ERs
in different places of the body other than female reproductive
sites. The knowledge of a β ‑receptor has introduced a new
understanding of estrogen and DDT binding. Considering
these concepts one can understand, partly, the molecular
actions of DDT and its relation with ERs (108).
At the same time, epidemiologic studies have assessed
the link between environmental exposure to DDT and the
increased risk of cancer; however, the data is not fully consistent to establish a positive and direct association (111). Many
factors are involved and have exerted an important role in the
cancer development, particularly in the breast cancer, such as
age, breastfeeding history, hormone therapy, evidence of breast
cancer in the family, radiation exposure, presence/absence
of gene mutations being without any doubt lifestyle is one
of the most important factors (109). Accordingly, there
are some controversial results regarding the correlation
between DDT/DDE and the risk and developments of breast
cancer (112,113). Even though there are some limitations in
epidemiological studies, we cannot deny from this knowledge, the fact that exposure to environmental contaminants
will cause a detriment in the system of living organisms in
the future. Therefore, the need for more studies to determine
the biological effects of DTT is evident, involving molecular
mechanisms and more solid epidemiological studies.
DDT is immunosuppressive. Regarding the effects of DTT on
the immune response, it is possible to find data from decades
ago. Street and Sharma (114) studied the dose‑dependent relation between DDT and immunosuppressive effects in mammals.
Supporting previous works, they established that DDT could
alter the metabolism of antibodies exerting a suppressive
effect upon the immune system. Particularly, they found out
that the antigen‑induced increase in serum γ‑globulin was later
decreased with DDT treatments (114). This immune‑mediated
effect by DDT could also imply a risk in breast cancer (115).
Strikingly, other epidemiological approaches demonstrated
some relation between DDT exposure and impaired immune
response, thus facilitating infections or noxious vectors related
to a certain type of cancer as lymphoma (116).
DDT induces epigenetic alterations. As aforementioned,
epigenetic modifications such as DNA methylation, histone
modifications, and microRNAs are heritable changes that
involve, predominantly, DNA methylation and histone modifications (117). In addition, miRNA are other gene modulators
that have a relation with epigenetic processes and carcinogenesis (118). It has been demonstrated that exposure to DDT
and its binding to ER may induce transcriptional effects.
Furthermore, this exposure, at the hypothalamus level, is
related to oxidative stress in young male rats that by epigenetic
alteration can alter ER function as well (119). An in vivo study
performed in rats examined the effects of DDT for over three
generations. Results showed that this pesticide has the ability
to induce epigenetic trans‑generational inheritance for obesity
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and related diseases (120). This is fundamental to understand
the effects of DDT long‑term exposure on humans.
Another change that DDT can cause at the epigenetic
level is the expression of miRNAs. The characterization of
miRNA can vary depending on the type of tissue or cells that
are analyzed (121). A study performed in rodents showed a
significant positive modulation of miRNA in hepatic cells.
Therefore, it is viable to state that DTT may modulate miRNA
for those genes involved in detoxification, such as genes
that encode for CYP enzymes. It has been postulated that a
plausible mechanism is DNA methylation (121). The available
scientific tools, of the modern world, have allowed us to get
acceptable evidence of the long‑term exposure to DTT and its
effects on the biological system. However, we certainly know
that more investigation must continue regarding the direct
epigenetic effects of DDT in order to get a better insight into
the molecular mechanisms involved.
DDT induces oxidative stress. Some studies have demonstrated
that several organochlorine pesticides (OCPs) including DDT
can induce CYP enzymatic complex. It is well‑known that
cytochromes P450 are in charge of detoxification of exogenous
compounds with a subsequent formation of metabolites, which
can be active and exert a carcinogenic action (122). Besides,
most of the OCPs are able to produce ROS (123‑125). It has
been shown that OCPs can induce oxidative stress and lipid
peroxidation in various tissues (126,127), and that oxidative
cycle by the effect of pesticides can cause structural damage to
DNA (128). Additional studies have evaluated DDT exposure
on mammary gland and hepatic cells in rodents, determining
ROS production. Therefore, these studies rely on this fact to
explain the oxidative DNA damage (129,130), and this is an
important step in the process of carcinogenesis.
DTT induces chronic inflammation. Interestingly, data show
the effects of DTT upon inflammation since it is widely known
that macrophages are involved in inflammatory responses (131).
It has particularly been shown that nitric oxide (NO) production and pro‑inflammatory cytokines are increased in mouse
macrophages in a dose‑dependent manner by DTT via NF‑κ B
even more, modulating the inducible nitric oxide synthase
(iNOS) gene expression (131). But NO is not only associated
with inflammation but also with increased cancer risk (132).
Besides, it is documented that apoptosis is influenced by DDE
through the generation of pro‑inflammatory mediators (133).
Unfortunately, the molecular mechanisms related to all these
physiological responses are not resolved yet. It is important
to notice that pro‑inflammatory factors and OCPs can also
activate other transcription factors through different signaling
pathways. Therefore, further investigation is imperative in this
regard to have a clear picture of the mechanism relating to
DDT with the inflammatory process.
The role of organochlorine compounds as etiologic agents
in breast cancer was suggested by case‑control studies that
showed that a) levels of DDT and related metabolites (primarily
p,p'‑DDE) higher in serum or tumors of breast cancer patients
versus controls (134), and b) DDE levels higher in mammary
adipose tissue of estrogen receptor‑positive breast cancer
patients compared to controls (111). Overall, the insecticide
DDT was classified as ‘probably carcinogenic to humans’ in
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group 2A by IARC based on limited evidence in humans since
there was a positive association in cancers of the liver, testis,
and non‑Hodgkin lymphoma (135).
5. Polychlorinated biphenyls (PCBs)
PCBs comprise 209 synthetic chemicals distinguished by
degree and pattern of chlorination. They are non‑flammable
and chemically stable. Because of their chemical properties, these compounds have been used worldwide for many
industrial purposes such as plasticizers, pigments, capacitors,
and transformers among other uses (136). PCBs were used
from 1929 until 1979 in the USA (137). Like other synthetic
industrial compounds, PCBs are accumulated in soil and water
and then taken by animals and eventually by humans. Therefore,
the main exposure route is through the food chain (138). Due
to high concentration of chlorine compounds its degradation
can last for years giving it time to bio‑accumulate in the fatty
tissue of living organisms and then transferred to other living
organisms including humans. For instance, an important
accumulation of these compounds was found in breast adipose
tissue (139). Other exposure routes are inhalation or drinking
water with portions of PCBs that are still remnant (136).
The manufacture of PCBs was banned in the late 1970s in
the USA (137,138) and despite the restriction, it is still used for
some domestic production or discharged by some industrial
manufacturers (136). It was calculated that in 1991 the intake
was <0.001 µg/kg/day in the USA (88,140). The bio‑accumulation of PCBs in human tissue has been associated with
pathological effects. High levels of certain PCBs have been
observed in breast tissue and characteristics as ubiquity,
lipophilic, and accumulation have contributed to breast cancer
etiology (141‑143). This accumulation is mainly present in
fatty tissue due to the high lipophilicity of PCBs and their
half‑life has been estimated for >10 years (144). Unfortunately,
the mechanism is not fully understood but it is suggested that
some of these PCB compounds can have an effect upon some
nuclear receptors such as ERα/β or glucocorticoid receptor.
Either the agonist or antagonist modulation depends on the
structural characteristic of the compound (145). Thus, it
does not only exert an estrogen‑like activity but also induces
enzyme formation such as cytochrome P450 complexes (146).
Even though large scale use of PCBs decreased after their
prohibition (147), it still exists in the environment (88). As
consequence, the intake of the population has not stopped.
Sadly, their environmental distribution has no limit and will
be circulating for many years in the soil, waters, and animals.
Epidemiological studies in animals and humans support
these findings (148). However, more studies are required to
understand this relation and the specific action of organochlorine compounds in carcinogenesis. Therefore, PCBs will
be assessed according to the key characteristics stated by the
IARC-for human carcinogens‑ (4), and we will explore their
bioactivity profiles regarding their potential impact on carcinogenic mechanisms as follows.
PCBs alter cell proliferation and cell death. Considering
PCBs as a mixture of polychlorinated biphenyl compounds,
the results related to cell proliferation and cell death, obtained
from different studies are complex to analyze. Particularly, on
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breast cancer, different outputs make hard to conclude whether
PCBs represent a factor for its incidence. It is known that
PCB compounds behave as endocrine disruptors (149,150).
These environmental contaminants are metabolized by the
enzymatic complex so‑called CYP450, releasing metabolites
which have different performances and effects. Some of them
can bind competitively to ERs and other receptors, such as 3,
4‑diOH‑PCB3 that can have strong effects on the apoptosis
process (151). Therefore, it has to be considered that metabolites
themselves play an independent role in each process and they
must be recognized as individuals for some studies according
to the specific process to be assessed. Some authors (152) have
been evaluating different PCB metabolites in order to get an
insight into their specific role in the cell cycle process, establishing some of them as initiators and promoters of certain
cancers (152). For instance, some studies have focussed on the
initiation stage of hepatic cancer. Therefore, some specific PCB
metabolites including ROS are formed during the metabolic
process of PCBs. Such substances eventually will interact with
molecules like proteins, RNA and even DNA, causing potential
damage specifically in hepatocytes (153). On the other hand,
in epidemiologic studies indicated that PCBs certainly aid the
survival of those with breast cancer (154), which mechanisms
are unknown. Perhaps through their activated metabolites or
due to its interaction with the nuclear receptor, these and other
specific details must be clarified in further studies.
PCBs are genotoxic. As PCBs consist of a number of isomers
and congeners, the study of their genotoxicity requires separate
analysis. Several commercial mixtures have been examined
in vitro to determine their influence in the promotion and
initiation of the tumor (136,155). The metabolism of PCBs
by cytochrome P450 iso‑enzymes produces different species
depending on the halogenation grade and their position in
the molecule (136). It has been noticed that high halogenated
compounds induce CYP450 enzymes and low chlorinated
biphenyls are easily bio‑activated via metabolic processes.
Further conversion leads to different adducts via hydroquinone
oxidation, which is involved in the DNA bases binding (156),
being the main contributor in the genotoxicity and toxicity
of PCBs. Specifically, the reaction of the semiquinones or
quinones metabolites of PCB with DNA and nucleotides has
also been evaluated through segregation by thin‑layer chromatography and detected by 32P‑post‑labeling (157). Assays
together with other mechanistic studies provide convincing
evidence that specific PCB congeners can be bio‑transformed
to genotoxic, therefore, potential metabolites as initiators in
the carcinogenic process (158). Particularly, it is feasible
to think that concerning breast cancer most of the origin is
attributable in a great manner to ER activation. However, it
has been shown a certain grade of DNA damage in negative
estrogen‑receptor systems. As consequence, it is possible to
say that the biotransformation process of some compounds to
their active forms as quinones by CYP450 can produce DNA
damage, similar to what was described before (159).
PCBs induce epigenetic alterations. Epigenetic alterations are
critical at early‑life exposure determining a set of alterations
consisting of DNA methylation, histone modifications, and
non‑coding RNAs with alteration of gene expression (160). Such

epigenetic changes can even last over generations contributing
to the incidence of diseases. PCBs are known for intervening
in estrogen normal metabolism and transcription response
as endocrine disruptors but also they are known because of
their epigenetic‑modulator activity, especially, by decreasing
DNA methylation of certain promoters and changing histone
post‑translational levels (160). Another study (161) evaluating
the same changes in DNA and histones found that exposure
to PCBs at the early stages of development mostly reduces
DNA methylation and histone post‑translational modifications. Furthermore, there is an influence upon the androgenic
receptor expression, establishing an interesting relationship
between some of these modifications and gender (161). A
study (162) in utero and post‑natal exposing rats to organochlorine pesticides found that PCBs decreased global genome
DNA methylation and CpG methylation of the promoter of
the CDKN2A (162), which encodes for several proteins, and
tumor suppressors most of them. All these studies certainly
grant more information serving as hallmarks to understand
human cancer (163). An epidemiological study (164) done
in a population exposed to low doses of pollutants including
PCBs revealed that indeed there is a relationship with the
global hypomethylation of the DNA and the concentration of
chemical pollutants (164). Nevertheless, it does not rule out
other factors that may also influence the degree of epigenetic
modifications such as aging, dose, diet, lifestyle, physiological
characteristics of each subject, and other chemical exposure
that might have contributed to the result.
PCBs induce oxidative stress. Some PCB congeners are
metabolized by enzymes (CYP450) resulting in quinones
and semiquinones, then reactive electrophiles will eventually
form adducts. Studies (165) focused on that concept also have
shown that the production of ROS after metabolic reactions
of PCBs behaves in a dose‑time‑depend manner (165). It is
well‑known that PCBs act as endocrine disruptors, having an
estrogenic action defined by their affinity (166). Moreover, it
is known that catechol metabolites of E2 induce free radical
damage and this damage was detected as DNA strand breaks
and the formation of 8‑oxodeoxyguanosine (8‑oxodG). It
was proposed that these arose via a redox cycling mechanism (159,167,168). Attention must be paid when endocrine
disruptors are related to carcinogenesis of breast cancer
since it was found that PCB exposure affects breast cancer
risk and progression via Rho‑associated Kinase (ROCK)
signaling (169). In a study performed in MDA‑MB‑231 cancer
cells (ER‑negative), assessing the effects of PCBs upon migration/invasion it was found that characteristics of metastases
were augmented by activating ROCK pathway, which is the
main modulator of Rho activity such activation was mediated
by ROS species derived of PCB metabolism (169). Therefore,
inhibition of ROCK appears to represent a novel therapeutic
approach for metastases in breast cancer upon PCB exposure (169). However, it has been observed that metabolized
products as hydroxylated (OH) PCB congeners, (OH)‑PCB,
can distribute differently to their progenitors due to their
solubility, therefore, they are able to reach other organs and
contribute to other processes such as altering cell cycle via
ERK1/2 and contributing to neurotoxicity instead of generating only ROS (166).
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Table I. Summary of the key characteristics obtained for each compound following the evaluation.
Key characteristics

Bisphenol A		
(BPA)
Dichlorodiphenyltrichloroethane

It alters cell proliferation, cell death, or nutrient supply
It is genotoxic
It modulates receptor‑mediated effects
It is immunosuppressive
It alters DNA repair or causes genomic instability
It induces epigenetic alterations
It induces oxidative stress
It is electrophilic or can be metabolically activated
It induces chronic inflammation

PCBs are electrophilic or can be metabolically activated. Many
studies (167,170‑172) have demonstrated that lower halogenated
biphenyls are found in high amounts in the breast, where they
are available for metabolism by cytochrome P450‑mediated
oxidations within the breast tissue itself, and then those metabolites can react with proteins or form adducts. In an analogous
paradigm, the carcinogenicity of the endogenous hormone E2
is attributable to the ability of its catechol metabolites to induce
free radical damage as well (167,170‑172). Some data also
suggest that ER‑α status may contribute to the PCB‑induced
oxidative response in breast cancer cells (173).
PCBs are immunosuppressive. We focused also on PCBs
immunomodulation action. Different studies support the relation between certain PCB congeners and their effects upon the
immune response (174). Like other environmental pollutants,
PCBs exert a wide spectrum of biological effects on humans
such as immunotoxicity and even allergic reactions via diminishing T and B cells (175). Epidemiological studies have also
studied the effects of PCBs exposure on the immune system,
suggesting that exposure to these pesticides is a risky for certain
types of leukemia in children and for non‑Hodgkin lymphoma
(NHL) in adults. Even though, the specific mechanism is not
well defined, it has been suggested that it can be toxic for
immune cells among other cell cycle modulations (176).
PCBs cause chronic inflammation. Overall, PCBs can widely
affect human health and cardiovascular diseases are not exceptions. There are some data relating these organic pollutants to
inflammatory diseases such as hepatic disorders, obesity, and
diabetes (177). It has been shown that PCB 126, a dioxin‑like
pollutant, is one of the most pro‑inflammatory compounds in
mice, it increases the level of cytokines and pro‑inflammatory
circulating molecules and it increases the risk for atherosclerosis in a low‑fat diet (178). Nevertheless, the evidence that
involves PCBs with these inflammatory diseases is still under
investigation, since there are other environmental or biological
factors not considered yet (179).
In summary, PCBs were classified as ‘carcinogenic to
humans’ in group 1 based on sufficient evidence in humans
such as cancer of the breast as well as malignant melanoma
with a positive association for non‑Hodgkin lymphoma (180).

x
x
x
x
x
x
x
‑
‑

x
x
x
x
‑
x
x
‑
x

Polychlorinated
biphenyl
x
x
‑
x
‑
x
x
x
x

Regarding the relation with inflammatory‑related diseases and
chronic inflammation itself, the data are still controversial and
deficient. Authors used a cohort of 150 breast cancer patients
and 150 control subjects in California and showed that there was
not a significant difference in serum organochlorine levels in the
two groups (113). Other authors have demonstrated the estrogenic
activity of some PCBs and hydroxylated PCBs in breast cancer
cells and in the rodent uterus. However, it is also true that other
persistent chlorinated pollutants including some PCB congeners,
polychlorinated dibenzofurans, and dibenzo‑p‑dioxins, exhibit
antiestrogenic activities in the same bioassay (181). Safe (13)
has suggested that in terms of dietary intake of organochlorine
pollutants, the overall intake of antiestrogen equivalents was
greater than estrogen equivalents in the diet. PCB levels were
higher in mammary adipose tissue of breast cancer patients in
Connecticut than in controls (182). Education to help patients,
health professionals, besides awareness from policymakers and
consciousness from the industry are required to diminish the
amount of these compounds in the environment. Therefore, more
in vivo experiments and epidemiological studies are needed to
augment evidence regarding the effects of these endocrine
disruptor‑compounds in the normal progress of organ formation
from critical stages of development upon early‑ and throughout
life exposure. However, data were insufficient for evaluating the
alignment of PCBs with the other key characteristics of carcinogens such as DNA‑repair alteration, genomic instability, and
modulation of receptor‑mediated effects
6. Conclusions and future perspectives
The evaluation based on the 10 key characteristics of known
human carcinogens provided by the IARC has given new
approaches to identify carcinogenic risks to humans. In
summary, BPA, DDT, and PCBs assessment coincided in
five key characteristics of human carcinogens as i) they alter
cell proliferation, cell death, or nutrient supply, ii) they are
genotoxic, iii) they are immunosuppressive agents, iv) they
induce epigenetic alterations, and v) they induce oxidative
stress. In addition, both BPA and DDT are able to modulate the
receptor‑mediated effect. However, DDT and PCBs happen to
induce chronic inflammation. Finally, BPA yielded sufficient
information as a compound that alters DNA repair or causes
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genomic instability. Table I shows a summary of several signs
of carcinogenicity by the effect of endocrine disruptors as
a guide for further studies with other pollutants on several
tissues in in vivo studies.
It is interesting to consider that these assessments can
be applied to other environmental pollutants, which can be
considered carcinogenic, to determine if they can be aligned
to the several characteristics of human carcinogens described
by the IARC. Thus, the study of EDC exposure and its effects
on carcinogenesis is certainly necessary to augment scientific
evidence in this regard and originate preventive action plans to
improve the quality of life of future generations (8,183). Despite
several limitations in each study, the continuous investigation
will allow properly cover those limitations one by one. Further
analysis and data compilation will be a key issue in this process
as well. Moreover, to grasp more details of such complex
molecular‑mechanisms present in the human body will help
us to come up with more solid conclusions regarding the direct
effect of endocrine disruptors on a specific process, especially
carcinogenesis of breast cancer that indeed can be correlated
with in vivo studies and epidemiological evidence (184). We
hope that current and future knowledge will not be forsaken
regarding most of the men‑made compounds that are released
into the environment. A study like this enables us to realize the
real effects and hazards of these compounds and comprehend
that wildlife, animals, and eventually humans will suffer the
consequences. Small attempts from the scientific community
have been made in order to clarify the real effects of these
compounds on the human body (8,185). Therefore, this can
serve as a key for decisions regarding what pesticides or industrial compounds will be used in the future. The data, collected
up to now is certainly not negligible and must be considered by
governments, policymakers, and the industry. The knowledge
about these pesticides does not only serve as an alert but also
as a perspective‑change, where the considerations of the development of future industrial material, manufacturing processes,
material usage, waste release process, and other ones can be
more friendly with health and environment.
Finally, scientists in order to purify or detoxify animals
and the environment have prompted to search for new treatments or processes based on the new technology. Therefore,
technologies as bio‑nanotechnology can serve as an important
tool in the treatment of detoxification of certain pollutants
using different mechanisms and nano‑materials (177), as the
so‑called nano‑pesticides. They are intelligent nanoparticles
that release the compound according to the needs of the environment improving not only the crops but also decreasing their
amount in the soil, water, and air (186). The nano‑micelle‑based
products are a nano‑system able to entrap harmful particles
from the environment, which are the main focus in the food
industry due to their ability to clear away pesticides from
vegetables (187). The same concept can probably be used to
capture contaminants from the environment or from living
organisms including human beings. Undoubtedly, these
materials due to their physicochemical properties as their size,
solubility, and transport capacity can be used to go further
and to specific genes, being a challenge for future researchers.
On the other hand, the study concerning the direct influence
of EDCs on certain hormone‑dependent cancers as breast,
prostate, ovaries and testicular will provide new insights in

the study of disruption of normal endocrine function that may
cause long‑term effects not only in initiation but also in cancer
progression. Consequently, this work will set up a model for
further analysis and classification of other EDCs.
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