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ABSTRACT

Endocrine Disrupting Chemicals (EDCs) are exogenous chemicals in our
environment that interfere with any aspect of hormone action causing a variety
of disorders even increasing incidence rate of hormone-sensitive cancers. This
mini review mainly focuses on the recent studies on the carcinogenesis of EDCs
and the ideas how to reduce EDCs pollution in the aquatic environment.
Advanced technologies for sensitive detection, continuous monitoring and
efficient removal of EDC pollutants are required to minimize the exposures of
humans to these chemicals. It is also required a sustainable regulation updating
system to stop new pollutants entering our daily environment. All these efforts
can be made by collaboration with science, industry, government and
community.

Abbreviations: AhR: Aryl hydrocarbon Receptor; AR: Androgen Receptor;
AREs: Androgen-Response-Elements; BC: Breast Cancer; BPA: Bisphenol A;
DDT: Dichloro Diphenyl Trichloroethane; EDCs: Endocrine Disrupting Chemicals;
ER: Estrogen Receptor; EREs: Estrogen-Response-Elements; PAE: Phthalates;
PCB: Polychlorinatedbiphenyl; TC: Testicular Cancer

Introduction

Endocrine Disrupting Chemicals (EDCs) are environmental micro pollutants
(natural or anthropogenic) that alter the function of the endocrine system, by
interfering with hormone biosynthesis, metabolism, or action, and consequently
causing disturbances in the endocrine system even cause increased incidence of
cancers. Nearly 800 chemicals are known to have more or less interference
effects on endocrine system [1]. It has been alerted regarding the potential
adverse effects of EDCs on health of human and wildlife [2]. Although the
presence of endocrine disruptors in water sources is usually very low, EDCs
have been constantly released and spread into our daily environment, and still
are going on. The technologies for treatment of domestic and industrial
wastewaters are remained to be improved, but EDCs can be ubiquitously
found in the aquatic environment (such as surface waters, groundwater, waste
water, runoff, and landfill leachates), even transform into new contaminants

[3]. The environmental EDCs remained in landfill leachate, are inevitably
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discharged into rivers, groundwater and sea. Water
body contaminated with EDCs has been posing a serious
health risk including tumorigenesis [4]. It is not easily to
detect the trace of EDCs in the environment, but through
the food chain in the ecosystem of bioaccumulation, after
a few trophic levels, endocrine disruptors can achieve
remarkable concentration in wildlife animals even in
humans. Due to its ubiquitous nature and continuous
exposure, 91.3% of U.S. adults that were sampled had
a measurable amount of BPA in their urine; higher
exposures observed in women and low-income
individuals [5,6]. Multiple-source data of epidemiologic
studies and animal experiments have demonstrated that
EDCs polluted in water body in relation to
carcinogenesis of hormone-related cancers including
breast, testicular, prostate, uterine and ovarian cancers
[7,8]. Evidences of direct and indirect links between
exposure to EDCs polluted in water and hormone-
dependent cancers have been reported and, in turn,
attracted more and more researchers to further
investigate for identification and to find the related
mechanisms. More and more researchers and
policymakers have been paying attention to develop
technologies and to concern new regulation for
prevention of EDCs-sensitive cancers.

Carcinogenesis of EDCs

The cellular and molecular mechanisms of EDCs causing
hormone-sensitive breast, uterine, ovarian, and prostate
cancers have been well reviewed by a Scientific
Statement [9]. Scientists have continued to add our
knowledge that EDCs indeed can be found in human
body and related to disorders including cancers. PAEs,
BPA, and their metabolites were found in the umbilical
cord blood, amniotic fluid, placenta, and breast milk.
These data evidenced that EDCs might have a vast
influence on the development of fetus and newborns
[10]. It has been commendably clarified that EDCs can
transfer from mother to fetus through the placenta, as
well as to newborns via breast nursing. As we have
known that fetal or perinatal exposure to even very low
doses of EDCs may increase the risk of cancer-

developing [11]. Various EDCs acted through multiple
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mechanisms, for example, by chemicals that bind both ER
and AhR. EDCs are also involved in enhancing the
progression and metastasis by effecting on the tumor
microenvironment [12,13].

EDCs interfere a variety of genomic and non-genomic
activities, depending on the pathway that is disrupted.
EDCs can lead to tumor cell proliferation in the genomic
pathways in which AR/ER dimers directly bind to
Androgen-Response-Elements (AREs)/Estrogen-Response-
Elements (EREs) flowing ligands binding or interact with
other transcription factors by action of transcription
factor cross-talk [14,15]. Stimulation of AR- and ER-
mediated gene transcription (cyclin D and VEGF etc.) by
EDCs could also contribute to enhancement of hormone-
induced tumor cell proliferation [16,17]. In addition,
EDCs can compete with androgen/estrogen in ARs/ERs
binding and induce androgenic/estrogenic effects [18].
The activation of these pathways, mediated by steroidal
receptor (AR or ER) or by Growth Factor Receptors
(GFR) may be responsible for stimulation of proliferation
and/or cell migration in cancers [15,17,19].

EDCs have the ability to bind with deferent receptors
and consequently effect on gene expression and cancer
cell growth [19]. On the other hand, it also has been
shown to evoke inflammatory responses (likely mediated
by the NF-kB signaling) with increased release of
cytokines and growth factors (EGF, FGF, VEGF, etc.).
Therefore, EDCs increase cell proliferation, decrease
and alter the architecture of the organ/tissue, causing an
increasing risk of carcinogenesis.

Breast Cancer (BC) risks have both heritable and
environment /lifestyle components. The heredity actually
plays a minor role (contribution of 5-27%), whereas the
environment /lifestyle is considered as the majority of
risk. EDCs can act directly or indirectly on mammary
tissue to increase sensitivity to chemical carcinogens [20].
The timing of the exposure to environmental factors is
indispensable for cancer development [10]. During a
sensitive development window, EDCs exposures could
alter the mammary gland by increasing the risk of
cancer [21]. Rodent models and human epidemiological
investigations provide us evidences that some endocrine

disruptors (such as BPA, organochlorine pesticides and
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PCBs) can impact the development and function of
normal mammary gland, and many of those relate to
increasing the risk of BC [22-24]. These clues suggest
that traditional toxicology tests may lack lots of
important indicators on the mammary gland. It is better
to normalize  chemical detection scheme for
determination of threshold toxic level during the critical
stage of development, as well as for assessment of male
mammary gland. The pervasive presence of EDCs means
the continuous exposure of fetuses, newborns, children,
adolescents, and adults to these chemical mixtures. It has
been demonstrated that there is a possible link between
environmental exposures with EDCs and a risk of
Testicular Cancer (TC), especially, that exposure to EDCs
in early life may be involved in the etiology of TC [25].
Comprehensive precaution programs to reduce the EDCs
exposure to these vulnerable populations may be critical
in preventing estrogen-related cancers.

Some of the EDCs have been banned and their global
use has decreased. However, their persistence in the
environment, such as DDT, has resulted in continued
human exposure [26]. As the slow-dividing progenitor
cells are more vulnerable to the environmental factors
[27], exposure of human mesenchymal stem cells to these
EDCs for long term causes a series of alterations in self-
renewal, differentiation, and proliferation which may
partially lead to the homeostatic imbalance and

increased cancer incidence [26].

Reduction of EDCs Polluted in the Aquatic
Environment

As a result of civilization, urbanization and
industrialization, humans are continuously exposed to an
environment with pollution. We have to envisage the
serious problem of EDCs contamination in the aquatic
environment. Eco-friendly strategies to control EDCs
polluted in water body are urgently required.

1. More sensitive detection technologies are required
Better understanding about the carcinogenic effects of
EDCs polluted in water body as well as their molecular
mechanism(s) in hormone-sensitive cancers would be
useful in developing prevention and treatment

strategies. A large number of EDCs continuously enter
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water systems from various sources, such as landfill
leachate, human excretion, wrongful disposal, and
industrial wastes, can persist for a long time. The toxic
activity of individual compound can be at the
concentrations as low as pg L-1- ng L-1 [28]. However,
synergistic effects of mixtures of EDCs have been
demonstrated in animal models [29,30]. Which alerts
that disorders of body functions could be caused by
interaction of hundreds of chemicals each at levels
below toxicity? Importantly, there is still a lack of testing
systems suvitable for identification of the effects in
disturbing the function of the endocrine system.
Therefore, we should pay more attention on the
development of methods including quantitative high-
throughput screening platform to identify multiple EDCs
on key molecular targets in endocrine system at the
same time, such as quantitative high-throughput
screening to identify activators of AR and alkali assay to
screen for molecules that interfere with aromatase
activity [31-33]. More sensitive technologies for quick
detection of toxic EDCs used in daily life are also
demanded. The current framework of internationally
recognized EDCs testing systems has to be further
improved. Knowing more about carcinogenic effect of
EDCs is useful in sensitizing the scientific community and
the manufacturers to the importance of finding
alternatives to their indiscriminate use to protect human
health and the ecosystem. In addition, proper evaluation
of particular EDCs would help establish removal or
reduction strategies and provide guidance of policy
modifications for controlling these chemicals while
enhancing the recyclability of water.

2. Continuous monitor systems are required
Occurrence of EDCs in the landfill leachate from
municipal solid waste landfill has become a serious
problem. However, monitoring EDCs is still limited,
especially in the developing countries. This may be
connected to the fact that it is difficult to detect the trace
compounds in landfill leachate, due to its very complex
matrix. The levels of the most EDCs in the environment
are currently not efficiently monitored and/or regulated.
In the case of landfill, the insulation system between the

land filled wastes and the soil environment should be
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effectively monitored, because EDCs can easily
penetrate into ground and surface water once the
insulation system is leaking at any point [34]. In addition,
the existing wastewater treatment plants were not
traditionally designed to remove EDCs, therefore
contribute to the introduction of different levels of a
variety of EDCs from different plants into the
environment. Sewage treatment plant effluents and
wastewater discharges are considered to be a major
source of EDCs that directly release into the aquatic
environment. There is a pressing need for sensitive, quick
and inexpensive methods to monitor the quality of
treated wastewater effluents. Previous reports indicated
that combination of in vitro/in vivo testing and
instrumental analysis to monitor the occurrence of EDCs in
wastewater is feasible [35,36]. Bioassays are also
recommended as they can account for the overall effect
of complex mixtures [37]. Moreover, continuous real-time
and online systems for concentration monitoring and
analyses should be conducted comprehensively [38].

3. Reducing the discharge of pollutants into
environment should be compulsory

There is a need to coordinate guidance on the
regulation for the reduction of EDCs, but this has been
hindered by the lack of consensus among scientists [39].
Governments should consult with the organizations
representing medicine, chemistry, and environment
science, to set up sustainable strategies and regulations
to prohibit the discharge of the pollutants into our
environment, thereby reducing the risk of hormone-
related cancers in humans.

4 Efficient removal of pollutants from our daily
environment

Previous reports indicated that traditional wastewater
treatment processes are not efficient enough to prevent
contamination of environmental surface waters [36]. At
present continuously emerging technologies from
different disciplines can be cross-used to develop
advanced treatment processes to overcome the limitation
of ftraditional technologies for EDCs removal from
wastewater treatment system. For examples, membrane-
based treatment including reversing osmosis, bio-based

degradation, UV-fenton, Tertiary ozonation, and other
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advanced chemical and physical treatment processes
can be combined to remove and reduce the EDCs in
water body during the wastewater treatment process
[40-43].

Conclusion

EDCs are readily available in the aquatic environment
and long term exposure is inevitable. It is considered
that the exposure to these chemicals could increase the
risk of hormone-dependent cancers. Advanced
technologies for sensitive detection, continuous monitoring
and efficient removal of EDC pollutants are required to
minimize the exposures of humans to these chemicals. It is
also required a sustainable regulation updating system
to prohibit new pollutants entering our daily
environment. All these efforts can be made by
collaboration/cooperation  from  science, industry,

government and community.
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