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Endocrine Disruptors, Adipose Tissue, and Obesity-Related Cancer
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ABSTRACT

The endocrine system plays a crucial role in modulating the metabolism. Endocrine-disrupting chemicals (EDCs)
are environmental chemicals that have been shown to interfere with the functioning of hormones. The aim of
this literature review is to demonstrate the link between exposure to endocrine disruptors and the development
of obesity-related cancer. Studies on the cancer-causing effects of EDCs focus mostly on those with estrogenic
potential because the mammary gland and the uterus are the main estrogen target organs. In addition to their
direct effects on the estrogen target organs, estrogenic EDCs may also indirectly increase or decrease the risk of
developing cancer by affecting other risk factors. Human studies have showed inconsistency regarding the exact
effect of EDCs and flame retardants on thyroid hormones. EDCs are known to mimic natural hormones and
negatively affect the function and growth of normal reproductive organs.
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INTRODUCTION

The endocrine system plays a crucial role in modulating the metabolism
of fats, proteins, and carbohydrates and ensuring that these fuels always
meet the body's energy requirements. Hormones are responsible for
storing excess fuel during times of plenty and mobilizing fuel during
times of scarcity, as well as maintaining constant blood glucose levels.
Any change to these hormonally regulated processes will likely result
in a metabolic imbalance. The body's primary source of energy is fat
stored in adipocytes (in adipose tissue), and it is now known that adipose
tissue is also under the control of endocrine system and can function
as an endocrine organ capable of hormone secretion'. Interference
with the hormonal regulation of adipose tissue functions can result in
abnormal fat deposition and, consequently, obesity.

The term endocrine-disrupting chemicals (EDCs) refers to a large
number of environmental chemicals that have been shown to interfere
with the functioning of hormones. Although the majority of research
has focused on the disruption of reproduction due to interference
with steroid hormone actions and interference with thyroid hormone
actions??, there are increasing reports that some EDCs can also interfere
with the control of adipocyte function and regulatory processes in
metabolism, leading to imbalances in the regulation of body weight
(which can lead to weight gain)*®. These chemicals are known as
"obesogens"”®. Obesogens may have a negative impact on body
weight and lipid balance in different pathways including alterations
in adipocytes size, thyroid and hypothalamic glands regulations of
metabolism, insulin sensitivity and other mechanisms’. Furthermore,
obesogens were found to have an impact at a cellular level as they can
disrupt steroidal receptors and PPA receptors (peroxisome proliferator-
activated receptors)'.

In recent decades, an increase in obesity, defined as a body mass index
greater than 30 kg/m2, has become a global problem. Over 20% of adults
in the United Kingdom and over 30% of adults in the United States are
now obese'!. In addition, childhood obesity is on the rise in westernized
nations; in the United States, approximately 20% of children (aged 3 to

17) are obese'!. Although there are genetic determinants that contribute
to inherited susceptibility and environmental influences from excessive
food consumption and lack of exercise in modern life, these factors
alone cannot explain the current disease trends. As obesity, adipose
tissue, and endocrine disruptors are interrelated factors that may
promote the development of cancers associated with obesity. The aim
of this literature review is to demonstrate the link between exposure
to endocrine disruptors and the development of obesity-related cancer.

2. ENDOCRINE-DISRUPTING CHEMICALS

Endocrine disruptors are substances or mixtures of substances that can
be absorbed by the body and interfere with normal hormone function'?.
Endocrine disruptors were defined by the U.S. Environmental Protection
Agency (EPA) as “an agent that interferes with the synthesis, secretion,
transport, binding, or elimination of natural hormones in the body that
are responsible for the maintenance of homeostasis, reproduction,
development and/or behaviour”. Furthermore, the substance is
referred to as "Potential endocrine disrupter" if it possesses properties
that could possibly lead to endocrine disruption. Although most EDCs
are synthetic, some come natural sources'*!”. The timing and length of
EDCs exposure are critical factors in the determination of the resulting
effects on the endocrine system due to their similarity to the natural
endocrine hormones in have varying effects at various points in the
life cycle'®. Endocrine disruptors can lead to hormonal imbalances
due to their interference with the endocrine system. EDCs can exhibit
various mechanisms of action, such as binding to a hormone receptor
to inhibit or activate its signaling pathway, interacting with hormone
signaling pathway components downstream of a receptor, stimulating
or inhibiting endogenous hormone biosynthesis, stimulating or
inhibiting hormone-binding protein synthesis or degradation, binding
to circulating hormone-binding protein, and stimulating or inhibiting
hormone receptor expression'’. Other toxicological mechanisms may
possibly have additional negative consequences in molecules with
known endocrine disrupting activities. They may be teratogenic or
genotoxic (alteration of DNA: either by epigenetic modifications or by
mutations), which may result in malignancies apart from endocrine-
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related cancers, or directly cytotoxic or reprotoxic (direct alteration
of gametogenesis or other reproductive stages)'s. For instance, BPA
shows cytotoxic and genotoxic effects that have nothing to do with its
EDC characteristics'®*. The aryl hydrocarbon receptor (AhR), which
dioxin acts as an EDC via, has also been demonstrated to be a powerful
genotoxic?'. The possibility must be considered even though these
cytotoxic and genotoxic effects are often seen at higher concentrations
than endocrine-disturbing effects.

2.1 Types of Endocrine Disruptors

EDCs are widely distributed in nearly everyday objects used by humans
as the exposure could be through ingestion, air inhalation and even
dermally through products used daily such as plastics, the lining of
cans, toys, personal care items like sunscreen, household detergents and
pesticides??. EDCs have a lipophilic nature and thus they bioaccumulate
in the adipose tissue of living organism and become difficult to
eliminate once they have entered the food chain?. Moreover, humans
are exposed to many different EDC-containing products every day at
low doses which has become acceptable worldwide?*. However, there
are certain times in which the exposure is more critical and can produce
irreversible effects. EDCs exposure during pregnancy has the potential
to produce transgenerational consequences which can be the base
for future disease later in life*. Chemicals that disrupt the endocrine
system can be categorized according to their lipophilicity. The terms
"persistent organic pollutants" (POPs) refer to substances with a long
half-life and a high lipophilic activity that can bioabsorb in fat and
bioamplify via the food chain®. Dioxins, heptachlor, dichlorodiphenyl-
trichloroethylene, and polychlorinated biphenyls are representative
chemicals. Numerous epidemiologic and in vitro investigations have
estimated the gynecologic health risks to human populations posed by
POPs>™3,

Other substances with a shortened half-life and reduced lip solubility
are known as non-persistent EDCs (npEDCs)%*. Bisphenol A (BPA),
triclosans (TCSs), phthalates, and parabens are examples of npEDCs.
BPA is acommon EDC found in infant bottles, dental sealants, children's
toys, receipt coating, and epoxy resins used to coat the interior of food
cans. Di-2-ethylhexyl phthalate (DEHP) is a plasticizer used in a
variety of products, including plastics, cosmetics, and medical devices.
In personal care products such as cosmetics and pharmaceuticals,
parabens are used as preservatives®.

EDCs are incredibly diverse®'*2. They may be divided into two classes:
(i) Those occurring naturally. Phytoestrogens, such as genistein and
coumestrol, are naturally occurring chemicals present in human and
animal foods.
(i) Substances synthesized. These can be categorized further as
follows:

*Synthetic compounds used as industrial solvents or lubricants and
their by-products (for example, polychlorinated biphenyls (PCBs),
polybrominated biphenyls (PBBs), and dioxins)

*Plastics (such as bisphenol A)

*Plasticizers

*Pesticides (such as dichlorodiphenyltrichloroethane)

*Fungicide (e.g. vinclozolin).

*A number of pharmaceutical agents, including diethylstilbestrol
(DES).

The EDCs can also be categorized based on their origin:

(i) Natural and synthetic hormones (such as fitoestrogens,
3-omegafatty acids, contraceptive tablets, and thyroid medications).

(ii)) Medications that cause hormonal adverse effects, such as
naproxen, metoprolol, and clofibrate.

(iii) Industrial and household chemicals, such as phthalates,
alkylphenoletoxilate detergents, flame retardants, plasticizers,
solvents, 1,4-dichlorobenzene, and polychlorinated biphenyls
(PCBs).

(iv) By-products of industrial and domestic processes, including
polycyclic aromatic hydrocarbons (PAHs), dioxins, and
pentachlorobenzene.

Since EDCs are very similar to hormones and have the capacity to
function at low concentrations, they may interfere with hormone
activity in one of two ways'”:

1) Directly acting on the hormone-receptor complex (activation or
inhibition effect).

2) Affecting a particular protein that regulates certain parts of the
hormone delivery process (altering hormone bioavailability).

More details regarding EDCs modes of action are listed in Figure 1.

2.2. Nonmonotonic response and cocktail effect

The adverse effects of EDCs exposure may not be fully predicted as
the high toxic doses observations do not give precise estimation of the
potential low doses impact on the living organism. This phenomenon
is related to EDCs having a nonmonotonic dose response curve
(Non-linear) similar to the effects produced by normal hormones®3.
When humans are exposed to simultaneous low doses of EDCs via
different routes, their cumulative and combined effect (cocktail effect)
results in clinical damage years later rather than showing immediate
consequences®’.

3. ENDOCRINE DISRUPTING CHEMICALS AND
ADIPOSE TISSUE AND OBESITY

3.1 Endocrine Disrupting Chemicals and Obesity

An abnormal or excessive accumulation of fat that poses a health
risk characterizes overweight and obesity. Overweight is defined as a
body mass index (BMI) greater than 25 kg/cm2, and obesity is defined
as a BMI greater than 30 kg/cm2%*. In 2017, more than four million
individuals per year died as a result of being overweight or obese.
Adipose tissue, also known as body fat, is necessary for the production
of hormones and storage of energy. Adipose tissue accumulation,
however, can contribute to obesity. The fundamental cause of obesity

Modei of sctios

Figure 1. EDCs modes of action
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is a chronic energy imbalance between excessive caloric intake and
insufficient caloric expenditure®. The risk of metabolic diseases,
cardiovascular diseases (myocardial infarction, hypertension, and
stroke), osteoarthritis, depression, Alzheimer disease, and certain types
of cancer (such as prostate, breast, ovarian, liver, kidney, and colon)
significantly increase among obese people®.

The endocrine system is essential for controlling how lipids, carbs,
and proteins are metabolized and ensuring that these fuels always
satisfy the body's energy needs®. In addition to regulating blood
glucose levels, hormones are in charge of storing extra fuel during
times of abundance and mobilizing it during times of scarcity. Any
modification to these hormonally controlled procedures will probably
cause a metabolic imbalance®. The body uses fat stored in adipocytes
in adipose tissue as its main source of energy; nevertheless, it is now
understood that adipose tissue is also under endocrine control and
can serve as an endocrine organ capable of secreting hormones'.
Therefore, aberrant fat accumulation and, as a result, obesity can also
develop from hormonal interference with adipose tissue processes.
Endocrine disruptive substances or endocrine disruptors are a broad
category of environmental chemicals'?. Despite the fact that most
studies have concentrated on the interruption of reproduction brought
on by interfering with the functions of thyroid hormones and steroid
hormones'?, EDCs can also disrupt the control of adipocyte activity and
metabolic regulatory systems, causing abnormalities in the regulation
of body weight that can result in obesity>*!.

EDCs and Adipose Tissue Adipose tissue (AT) is a major contributor
to toxicological responses to EDC exposure, particularly to POPs
with a predominantly halogenated structure, which renders them non-
metabolizable and exceedingly lipophilic*>. Since EDCs are released
gradually or in huge amounts during lipolysis, AT is really regarded to
be the main internal source of long-term, low-level systemic exposure
to these compounds, despite the fact that it may appear to perform a
protective role by storing POPs. Thus, AT serves as a dynamic storage
compartment for EDCs in the body, with a constant flow between storage
and release throughout post-exposure periods. PCBs have been examined
in a lipolysis-imitating mouse cell model®, the dynamic mobilization
of EDCs by AT has been the subject of several in vitro and in vivo
studies. Others have shown that TCDD deposited in AT of xenograft
can be released into recipient animals and affect gene expression,
offering a direct proof of the potentially detrimental effects of TCDD.
This was done using a xenografted fat model*. A considerable weight
loss is associated with prolonged release of POPs from AT, primarily
hexachlorobenzene and PCB-153, DDE, in the first year following
bariatric surgery®. Despite consensus on the prevalence of some EDCs
and their relationship on metabolic parameters, adipocyte size, and AT
macrophage infiltration***’, investigations have also been made into the
unique variations in EDC bioaccumulation that occur in the fat depot.
Contradictory outcomes, though, have been found thus far.

The AT serves as a full-fledged endocrine organ, producing and
regulating hormones and adipokines in addition to serving as a
storage organ***°. Adipocyte differentiation, adipocytokine production,
oxidative stress, and inflammation are only a few of the EDCs whose
substantial effects on AT physiology have been documented in vitro
and/or in vivo’>>2, EDCs have been referred to as obesogens based on
a number of papers that have shown a potential function for them in
the origin of obesity**3%534 Tn fact, AT experiences two morphological
changes when exposed to chronically high calorie intake: hyperplasia
(growth in adipocyte number) and hypertrophy (increase in adipocyte
size due to lipid build-up in the adipocytes)*®*. In a healthy AT
expansion, hyperplasia occurs. However, hypertrophy results in the
production of dysfunctional adipocytes, which secrete pro-inflammatory
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adipocytokines including TNF-alpha, MCP-1, IL-6, and IL-8, as well
as adiponectin, leptin, or resistin as the primary ones. Adipocyte
mortality via membrane rupture and the release of cellular content
into the microenvironment are both caused by hypertrophy, which also
increases hypoxia and decreases vascular supply. All of this leads to
the invasion of inflammatory immune cells, such as lymphocytes and
granulocyte type 1 macrophages, changing the microenvironment of
the AT and causing the development of crown-like structures. Reactive
oxygen species (ROS) produced by certain structures are likely to
cause DNA damage. Local metabolism as well as systemic energy
homeostasis are both impacted by this low-grade chronic inflammation.
EDCs can influence adipose secretion in addition to AT hypertrophy
and hyperplasia**>%%’. For instance, because PPAR is a crucial molecule
in the control of adipogenesis, any EDC that acts as an agonist on this
receptor is likely to result in the expansion of adipocytes, which will
change the secretome and make it an obesogenic EDC. PFOA%6? and
tributyltin (TBT)** are two examples. TBT has been demonstrated
to increase fat mass and stimulate inflammatory infiltration into
adipocytes as well as the reproductive tract®*. Some EDCs induce
adipogenesis by means of estrogen, glucocorticoid receptors, or other
mechanisms in addition to binding to PPAR. Furthermore, studies on
murine and human adipocyte cells and on TCDD in mouse AT have
demonstrated the pro-inflammatory effects of several EDCs, including
dioxins, through the AhR pathway®*¢’. In addition to in vitro and in vivo
investigations, a number of epidemiological studies support the idea
that transgenerational effects on progeny can result from prenatal or
postnatal exposure to EDCs and elevated BMI**3254¢_ EDCs may thus
cause abnormalities in local and systemic energy metabolism as well as
an inflammatory response if they interfere with the coordinated control
of adipocyte metabolism, growth, and endocrine function®®. EDCs'
effects on the endocrine function of adipocytes have been studied, but
primarily in relation to obesity and/or cardiometabolic diseases.

Obesogens are substances (such as EDCs) that can induce obesity in
both humans and animals. Numerous studies have demonstrated a
causal link between EDC exposure and the onset of obesity in model
organisms, whether directly or indirectly by increasing sensitivity to
factors such as a high-fat diet. Numerous EDCs renowned for their
obesogenic effect on animals are associated with an increase in obesity
prevalence”™. Obesogens can directly affect adipocytes to increase
their number, encourage fat storage in already-existing adipocytes,
or generate adipocytes that are dysfunctional. By altering metabolic
set points, causing unfavourable changes in the composition of the
microbiome, altering metabolic set points, and increasing the proportion
of calories consumed that are stored as fat, among other mechanisms,
obesogens can also indirectly increase adiposity>***7!.

When exposure takes place during crucial developmental windows,
sensitivity to the obesogenic effects of EDCs is especially high. This
is due to specific characteristics of the fetus and new-born, such as
reduced expression of the cytochrome P450 enzymes that metabolize
xenobiotics, that result in higher tissue exposure than adults™. A
wide range of processes are also controlled by hormone signalling
pathways in the early years of life, when they can respond to and
adapt to physiological stresses™. This ability also makes people more
vulnerable to environmental stressors like EDCs, which can change
several systems over time and raise the chance of becoming obese later
in life. In fact, exposure to obesogens in infancy may alter physiological
functions that are important regulators of body mass, such as appetite
regulation, energy metabolism, and adipogenesis, resulting in a frugal
phenotype and raising the risk of weight gain.

Numerous animal and epidemiological studies have proven that early-
life exposure to EDCs has an obesogenic effect. BPA”, insecticides’™,
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nonylphenol”, and PFOA’® have all been linked in rodent studies
to prenatal or early postnatal weight gain, with a dose- and gender-
dependent relationship. Human studies have also demonstrated a
link between prenatal EDC exposure and a higher risk of obesity in
adulthood™. Animal model studies suggest that several EDCs also
have obesogenic effects when exposure takes place after crucial
developmental periods, which is vital to note’. As a result, in the
case of ongoing exposure, it is most likely that the effects of exposure
during infancy and maturity eventually define how obesogens affect
phenotypic. However, little is understood about how exposure to
diverse historical periods interacts.

Early-life obesogen exposure can increase white adipose tissue mass
by augmenting the steady-state number of adipocytes or adipocyte
precursors. It also promotes the development of adipocytes from
multipotent mesenchymal stromal stem cells or existing preadipocytes.
The activation of specific nuclear hormone receptors by EDCs has
been extensively studied as the mechanism underlying the action of
obesogens due to its ability to alter fat cell commitment, differentiation,
and function. Because it is additionally referred to as the "master
regulator” of adipogenesis, the nuclear receptor PPAR is a plausible
candidate for explaining the obesogen activity of compounds”. As
with other PPARs, PPAR has to heterodimerize with RXR in order to
bind DNA and control its target genes. Adipogenic genes are expressed
more frequently when this heterodimer is activated by endogenous
ligands, medications, or EDCs, which results in the development of fat
cells. In order to stabilize and advance the adipogenic destiny, PPAR
interacts reciprocally with the transcription factors CCAAT-enhancer
binding proteins (C/EBP)". Because of this, PPAR was the focus of
numerous screening attempts to find possible obesogens”™®!. Using
screening techniques like adipogenesis inducers in human cell-culture
models by activating PPAR, such as lactofen, diclofop-methyl, and
MEHP, a range of real and potential chemical obesogens have been
discovered®. However, it is known that PPAR-independent processes
may be used by EDCs to cause adipocyte differentiation. This is the case
for polychlorinated biphenyls (PCBs), organophosphate insecticides,
bisphenol A, and nicotine, all of which enhanced adipogenesis through
processes that may not have directly included PPAR activation’*. In
3T3-L1 preadipocytes, PCB-77 promotes adipocyte development via
the aryl hydrocarbon receptor®.

It's noteworthy that some obesogenic effects don't seem to be affected
by nuclear hormone receptor modulation directly. These include the
obesogen's transgenerational effect or the transmission of the fat
phenotype to future generations after exposure to the chemical during
infancy®. Understanding these transgenerational effects, which have
been observed for a small number of chemicals, has been a major
focus of research; probable hypotheses include chromatin architectural
changes and epigenetic modifications®.

3.2 The Impact of Endocrine Disrupting Chemicals on
Adipose Tissue

Due to their ability to imitate hormonal functions, EDCs can have a
wide range of impacts. The nuclear hormone receptor superfamily,
which includes steroid hormone receptors, thyroid hormone receptors,
retinoid X receptors (RXR), peroxisome proliferator-activated
receptors (PPAR), liver X receptors, and farnesoid X receptors, is the
mechanism of action for the bulk of the EDCs investigated®>®. All
nuclear receptor ligands have two traits in common: small size and
lipophilicity. It is hardly unexpected that many EDCs possess these
traits. For example, it is well known that activation of the nuclear
hormone receptor PPAR encourages the development of fat cells®’.
The expression of genes associated with adipogenesis, glucose, lipid,

and cholesterol metabolism is controlled by the dimerization of PPARs
with RXR and their binding to PPAR-responsive DNA regulatory
elements®. In light of PPAR's physiological role in the synthesis and
maintenance of adipose tissue, it has been proposed that disruption
of the regulatory pathways regulated by PPAR may play a role in the
emergence of obesity and other metabolic disorders®. Natural PPAR
ligands that promote the expression of genes and enzymes involved
in lipid metabolism include poly- and monounsaturated fatty acids,
eicosanoids, and lipophilic hormones®. Perfluorinated chemicals
(PFCs), certain phthalates, and variants of bisphenol A (BPA) all bind to
and activate PPAR. By encouraging the differentiation of preadipocytes
into mature adipocytes, the aforementioned xenobiotic substances that
activate this receptor enhance adipogenesis both in vitro and in vivo®.

3.3. Endocrine Disrupting Chemicals and Hormone Sensitive
Cancers

Cancer is a broad category of diseases that can affect any organ or
tissue in the body. Also included are malignant tumors and neoplasms®.
Cancer is characterized by a rapid growth of abnormal cells that attack
neighboring tissues and spread to other organs, a process known as
metastasis. The primary cause of cancer-associated mortality is
widespread metastases®. Cancer accounted for nearly 10 million deaths
worldwide in 2020°!, making it the primary cause of death worldwide.
In 2020, the most prevalent forms of cancer were breast, prostate, non-
melanoma skin, lung, colon and rectum, and stomach. Cancer is the
consequence of the transformation of normal cells into cancer cells
through a multistep process that typically moves from precancerous
lesions to malignant tumors®. These modifications are the result of
the interaction between a person's genetic factors and three types of
external agents: chemical carcinogens (such as alcohol, aflatoxin (a
food contaminant), asbestos (components of tobacco smoke), and
arsenic (a drinking water contaminant)), physical carcinogens (such as
radiation), and biological carcinogens (such as infections)®.

Itis believed that a number of cancers are caused primarily by hormones
that are assumed to circulate regularly in the body and connect to the
membrane and/or nuclear receptors of cancer cells, promoting cancer
cell growth and division. Along with breast cancer (BCa), which is
the most common cancer in women worldwide, prostate cancer (PCa)
and endometrial cancer (ECa), two of these hormone-dependent
malignancies, are the most common cancers of the male and female
reproductive systems, respectively®?. In the genesis, progression,
and treatment of hormone-dependent cancers”, steroid hormones
(estrogens and androgens) play a significant role. Therefore, it follows
that exposure to EDCs can affect the occurrence and progression of
certain cancers®.

EDCs (including diethylstilbestrol) were originally recognized as a
risk factor®”. In order to lower the risk of abortion, pregnant women
were frequently provided with this synthetic diphenol until the
1970s; nonetheless, some investigations have found an elevated risk
of uncommon malignancies in female offspring®’. It is significant
because the harmful consequences of prenatal DES exposure have
been demonstrated to last into the second generation, opening the
door for the idea of epigenetic transgenerational inheritance’.
After that, a number of epidemiological studies backed by in vivo
and in vitro tests have established this link between EDCs (namely
PCBs, DDE, dioxins, and bisphenol A [BPA]) and a higher risk of
hormone-dependent malignancies in both genders®®*-1°!, BPA can
promote seminoma cell proliferation via the GPR30/GPER pathway
in cases of testicular cancer'™'®. Prins et al.'s research on PCa has
demonstrated that exposure to BPA increases the sensitivity of prostate
stem cells to estrogen in adulthood and increases the likelihood that
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PCa will manifest'*1%, Exposure to chlordecone is a demonstrative
example of persistent EDCs, even though it has been highlighted, as
it significantly raises the risk of PCa and recurrence following radical
prostatectomy'””'®. An industrial organochlorine compound called
PCB-153 may play a role in the emergence of high-grade PCa'®. The
plasma concentrations of PCB-153 and PCa, however, showed an
inverse relationship in a prior investigation''’. Studies also disagree on
whether increased blood PFOA levels are associated with the initiation
or progression of PCa or not!!!, As a result, despite the substantial
research on the part of some EDCs in the occurrence of hormone-
sensitive malignancies, many investigations of their mechanisms
of action, their effects on tumor growth, and their impacts on the
development of metastases, particularly in humans, are still not fully
understood®®1'2,

3.3.1 Estrogen Dependent Female Carcinogenesis

The most prevalent female gender-related neoplasms whose growth
is predominately estrogen dependent are breast and uterine cancer'".
Therefore, the risk of these two estrogen-dependent cancers may
be increased by any EDC demonstrating estrogenic actions. The
findings of a large number of rat studies highlight the significance of
pre-pubertal and prenatal exposure to EDCs in the etiology of breast
and uterine cancer''*!>. Altering the hormonal environment during
pregnancy and before puberty can have negative impacts on adult
uterine and breast morphology and function''. According to the so-
called somatic mutation theory (SMT), the process of carcinogenesis
is typically viewed as the result of DNA mutations in the genes that
regulate cell proliferation, differentiation, and maturation'”. The so-
called tissue organization field theory (TOFT), which was proposed
recently, contends that cell-to-cell communication and cell-matrix
interactions play a crucial role in the disturbance at the tissue level that
leads to malignancy when these interactions go wrong''®. The stroma
and epithelium interact often throughout breast tissue development;
hence, the TOFT is more likely to account for the etiology of breast
cancer'”. The stroma of the developing mammary gland is the only
tissue compartment where fetal expression of the two ERP and ERa
isoforms has been identified'?*'?!, highlighting the importance of
this tissue compartment in the normal development of the breast.
Consequently, any imbalance in the hormonal and growth factor
exposure that regulates how the stromal and epithelial tissue of the
developing mammary gland develops correctly may cause neoplasia
later in life. This connection is extensively supported by experimental
findings from developing breast tissue in rats and mice'".

3.3.1.1 Direct effects of EDCs on the development of estrogen
dependent cancer

Studies on the cancer-causing effects of EDCs focus mostly on those
with estrogenic potential because the mammary gland and the uterus
are the main estrogen target organs. Since BPA is the most common
estrogenic EDC present in numerous consumer products'?*'24, the
majority of data comes from studies on this substance. The actions of
BPA on cell lines that express ERs, such as MCF-7, simply demonstrate
its estrogenic qualities and do not necessarily indicate that it has
carcinogenic potential'??. Data from numerous studies using breast
cancer animal models, however, suggest that BPA may potentially
encourage the establishment of this malignancy through non-estrogen-
dependent mechanisms'?*!?>, Additionally, it has been emphasized
that the timing of this compound exposure has a significant impact on
breast cancer risk'?. This malignancy appears to be greatly influenced
by interactions with the peri-ductal stromal breast tissue during fetal
mammary gland development'?’. Clinical evidence on the risk of breast
cancer development as a result of estrogenic EDC exposure is scarce
and contradictory'?13!. However, it was recently shown in research by
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Cohn et al. that in utero exposure to the estrogenic pesticide DDT is

linked to an elevated risk of breast cancer in later life'?2.

Surprisingly, there is relatively little information on how EDCs
contribute to the development of uterine hyperplasia and cancer.
Hiroi et al. carried out the initial investigation into how EDCs affect
females' endometrial morphology'33. These scientists showed that
there may be a link between BPA exposure and estrogen-dependent
endometrial diseases. However, Sturgeon et al.'s investigation found
no evidence of a connection between endometrial cancer and DDT-
related substances, PCB congeners, or organochlorine compounds'*.
Surprisingly, research on dietary isoflavones has found that females
have a lower chance of developing endometrial cancer'*!3, but
evidence from animal studies suggests that plant-derived compounds
and their estrogenic metabolites may have uterotrophic potential.
For instance, it has been demonstrated that the soy compound equol,
a metabolite of daidzein, increases endometrial size and hyperplasia
in ovariectomized rats'¥’. These findings were in line with research
by Unfer et al. which found that endometrial hyperplasia was more
common in females receiving soy extracts than in those taking a
placebo to treat menopausal symptoms!3®. There is still a need for
research on the relationship between estrogenic EDC exposure and the
risk of endometrial hyperplasia and cancer.

3.3.1.2 Indirect effects of EDCs on the risk of estrogen dependent
cancer

In addition to their direct effects on the estrogen target organs, estrogenic
EDCs may also indirectly increase or decrease the risk of developing
cancer by affecting other risk factors. Late menopause and early
menarche increase a female's lifetime estrogen exposure, increasing
her chance of developing cancers that are estrogen-dependent'®.
Therefore, any EDCs that have an impact on these two life events for
females may also have a sizable impact on the likelihood of developing
breast and uterine cancer''*'%. There is a severe lack of conclusive
information from human research that relates exposure to EDCs to
age at menarche. In utero exposure to dichlorophenyldichloroethylene
(DDE) decreased the age at menarche by one year'*!. This link was
no longer significant when the anticipated body size at menarche
was taken into account. Similarly, adolescent females with moderate
urine BPA concentrations were less likely than those with the lowest
to experience early menarche. Additionally, the link between urine
BPA concentrations and menarche age was significantly affected by
overweight status'#. There is still a dearth of clinical information about
the impact of EDC exposure and the timing of menopause.

EDCs that interact with ERs or estrogen signaling pathways may
also indirectly impact the risk of estrogen-dependent cancer through
their effects on the hypothalamic-pituitary-gonadal axis. In the
hypothalamus, EDCs with anti-estrogenic characteristics increase
ovarian steroid production and gonadotropin release. This increases
exposure to high levels of unopposed estrogen. On the other hand,
EDCs with estrogenic effects may also lead to an ongoing rise in LH
(a "positive" feed-back loop), which results in an excessive amount of
androgen being produced by the theca cells—a trait typically observed
in women with PCOS'®. The results of numerous clinical trials support
this theory. Unovulatory infertility and uterine cancer risk are both
increased in PCOS-affected females '*. However, there is still a lack of
consistency on the risk of breast cancer!'®.

Another factor that significantly affects the risk of uterine and breast
cancer is obesity'#®!¥7. This connection is caused by the dysfunctional
overexpression of the aromatase enzyme in adipose tissue, which
causes androstenedione to be converted from the adrenal cortex
into estrone, which can then be turned into E2 by the activity of
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the 17-hydroxysteroid dehydrogenase, resulting in unopposed
hyperestrogenemia'*. As a result, variables that promote or encourage
obesity can also significantly affect the risk of breast and uterine
cancer, particularly in postmenopausal females. Recent research has
provided evidence that prenatal exposure to EDCs is linked to the later
development of obesity'¥. Additionally, it has been demonstrated that
eating foods high in persistent organic pollutants (POPs) increases
obesity, which in turn affects the chance of developing breast cancer'*’.
The obesogenic potential of this EDC is also indicated by data from
research on the metabolic effects of BPA'S!.

Prolactin (PRL), the hormone that triggers postpartum breastfeeding,
also acts on breast tissue as a target organ. The action of estrogens
and their signaling pathway is primarily responsible for the pituitary
lactotrophic cells' synthesis of PRL. Because of this, any EDC with
estrogenic action may cause PRL secretion. Animal tests have actually
supported this'*>133, Tt is currently unclear if exposure to high PRL
levels increases the chance of developing breast cancer'>*. The primary
organ that PRL acts on is the breast tissue, where it promotes maturation
and growth both postpartum and during puberty's>. Therefore, such
a relationship is justified. However, there is still a dearth of clinical
information about how exposure to EDCs in humans affects PRL

secretion'!,

3.3.2 Obesity-related cancers

As risk factors—primarily obesity and metabolic syndrome—become
more prevalent, cancer incidence is continuing to rise'*®. In practically
all countries the incidence of obesity has drastically increased, reaching
epidemic proportions in industrialized nations where it affects 60—70%
of'the adult population'”!1%, When excess energy consumption outpaces

promation i .
- N
-~

Figure 2. Main mechanisms associating obesity and cancer

159

metabolic and physical activity-related energy expenditure, obesity
develops!'¥. Ectopic fat tissue forms as a result of excessive or aberrant
fat tissue deposition that surpasses the genetically and epigenetically
specified adipose tissue stores, which increases the risk for several
disease types. The growing incidence and prevalence of cancer are
mostly determined by obesity \'®. Ectopic fat deposition can alter DNA
repair, gene function, cell mutation rate, and epigenetic regulation,
which can lead to the development and spread of cancer!'¢'®2. These
changes can be brought on by a variety of metabolic, inflammatory, and
immunologic factors, Figure 2.

Because EDCs can interfere with hormones working inside the human
body in many ways, EDCs build-up in human body was found to cause
adverse health effects such as infertility, impaired sexual development,
alterations of thyroid or adrenal glands function, increased risk for
certain malignancies, immunosuppression and autoimmune disease'®.
Previous in vitro and in vivo studies have demonstrated the adverse
effects, that could be permeant, of the accumulated low doses of EDCs
on human body specially when taken at early stage of life (prenatal),
specially on the reproductive system and sexual hormones!®*165,

3.3.2.1 EDCs and Breast Cancer

The biological consequences of PFAS exposure are primarily
investigated in rodents, and the major impacts on humans have not yet
been thoroughly investigated. Recent epidemiological data, however,
describes the link between PFAS exposure and the emergence of breast
cancer. For instance, PFOA may raise the chance of developing breast
cancer and interfere with development'*1%. In addition, a study of
Inuit females in Greenland found that breast cancer risk was higher
in females with higher blood serum levels of PFOA, PFOS, and other
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PFAS chemicals'®*!7, Similar findings were found in a cohort study of
French females, which linked circulating PFAS levels to an increased
risk of breast cancer. Particularly, low concentrations of circulating
PFOA and PFOS were linked to cancers that lacked the estrogen
receptor, while circulating PFOS concentrations were linked to tumors
that did'"".

A recent study found that young Taiwanese females exposed to PFAS
had an increased chance of developing breast cancer. More specifically,
the risk was higher in females under 50 and rose when tumors
expressed the estrogen receptor'”?. Exposure to PFAS is linked to
breast cancers that lack hormone receptors. Perfluorohexane sulfonate
(PFHxS) exposures were linked to an elevated risk of hormone
receptor-negative breast cancer'”®. The serum PFOS levels and breast
cancer were also found to have a strong positive connection in studies
on Danish pregnant women. In a follow-up study, scientists examined
polymorphisms in genes involved in the metabolism of estrogen, as
well as environmental endocrine disruptors, and found that exposure to
PFOS was more strongly linked to breast cancer risk in females who
had some of these changes in these genes!™!”,

There is also epidemiological data connecting paraben exposure to
breast cancer growth. Breast tissue, particularly breast tumor tissue, has
been found to contain parabens!’¢'”. Parabens have also been identified
in breast cancer patients' urine and plasma samples'®. Despite the fact
that plasma paraben levels seem to be greater in females with breast
cancer, few epidemiological research have linked paraben exposure
to an increased risk of breast cancer'®. Females who had urine total
paraben levels in the highest quintiles had a 35% higher risk of breast
cancer'®. However, there is an inverse connection between total
paraben exposure and breast cancer risk in postmenopausal females'*.
The results of these two studies are difficult to compare because one
study'®?, which gathered postdiagnostic urine samples, and the other's3,
which collected prediagnostic urine samples. Studies that looked at
the relationship between using personal care products (representing
a potential source of parabens) and the risk of breast cancer reported
conflicting findings, with the Norwegian females reporting a weak
inverse association'® and the Sister Study finding a 10% to 15% higher
risk of breast cancer in females who used beauty products moderately
to frequently compared to females who used them less frequently'®.

In Vivo Evidence

Animal models are being used in more studies to determine how
parabens affect health outcomes. Rodents exposed to PFOA are more
likely to develop their mammary glands later, have smaller babies, and
have neonatal deaths'®®!1%6, Additionally, PFAS exposure can affect the
development of the mammary gland in female CD1 mouse pups and
impair nursing in mothers'.

According to Mogus et al., exposure to propyl paraben during pregnancy
and breastfeeding causes an alteration in the immune cell profile in the
mammary gland as well as an increase in epithelial cell proliferation
and a decrease in collagen thickness'®’. Although these findings imply
that propyl paraben can have a considerable impact on the integrity
of mouse mammary glands, this study did not explore the possible
impact of the changes caused by propyl paraben on the occurrence of
breast cancer. Rodents exposed to parabens in infancy also experience
altered mammary gland development. For instance, rats exposed to
modest doses of methyl paraben during the perinatal, peripubertal,
and pubertal periods showed altered mammary gland morphology
and gene expression'®s. Human breast cancer gene signatures show an
overrepresentation of genes impacted by methyl paraben'®®. According
to a second study, adult mice exposed to propyl paraben for four days
develop more R-loops'®, it has been connected to greater cellular stress
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and genetic instability as it builds up. This suggests that chromosomal
instability caused by parabens may play a role in the development of
breast cancer. Research has not yet convincingly demonstrated a link
between exposure to parabens and the initiation or progression of
breast cancer, particularly during significant exposure times. Overall,
exposure to EDCs during critical times for breast cell proliferation
and differentiation, such as adolescence and pregnancy, may have an
impact on mammary gland development'”. However, further research
is required to fully understand this link.

In Vitro Evidence

There is currently a dearth of information about PFAS activity in in
vitro breast cancer models. Human breast cancer cells are exposed to
either PFOS or PFOA in vitro, which improves the effects of estrogen
and increases cell growth and proliferation'®'. Breast epithelial cells
(MCF-10A) exposed to PFOA are stimulated to migrate and invade
through a PPAR-dependent mechanism, which raises the possibility
that exposure may slow tumor growth by triggering neoplastic
transformation'*?.

In human breast cancer cells, parabens have been demonstrated to
promote the characteristics of cancer?. Particularly, parabens promote
breast cancer cell line growth at clinically meaningful levels>'®. In
breast cancer cell lines, newly identified oxidized paraben metabolites
can also promote proliferation in an estrogen receptor-dependent
way'®. In these investigations, the proliferative effects were seen after
only a brief period of exposure, such as a few days. Parabens can cause
breast cancer cells to migrate and invade more readily when given a
longer course of treatment'*. The effects of parabens on migration and
invasion are estrogen receptor-dependent and more apparent after 20
weeks of therapy than after one week'. It has been suggested that
parabens may be involved in the transformation of mammary epithelial
cells since they have the ability to increase the proliferation of non-
transformed human breast epithelial cells!*>!*®,

Although the focus of these investigations was on the effects of
specific parabens, it is crucial to also take into account the possible
consequences of paraben combination exposure. For instance, when
paired with PFOA and bisphenol A (BPA), the effects of methyl
paraben on cellular proliferation and apoptosis avoidance work in
concert'”’. Additionally, non-cancerous human breast cells responded
to combination therapy more favourably than cancerous ones'®’. More
research is required to identify the precise processes underlying the
effects of parabens on non-malignant and malignant breast cells, even
though there is indication that these effects may be estrogen receptor
mediated.

3.3.2.2 EDCs and Prostate Cancer

The prostate gland is one of the glands that are highly sensitive to EDCs
effects since it is biologically controlled by hormones like androgens
and estrogen'. Exposure to EDCs can lead to hormonal imbalance
which in turn can be the cause for many prostate disorders including
BPH (benign prostate hyperplasia) and PC (prostate cancer)'®. Prostate
cancer (PC) is one of the most common solid tumors affecting men
with many risk factors for its occurrence?”. Many EDCs have been
linked to prostate cancer incidence including pesticides (highest
effect), organophosphates, and cadmium®'. Research from France,
Canada, and other countries in the USA, as well as the American
Agricultural Health Study has consistently linked occupational
exposure to pesticides to prostate cancer’>?*. An Australian analysis
revealed no statistically significant correlations between self-reported
occupational pesticide use and death, while only one study—from the
Netherlands—identified a negative relationship between the two®®.
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Other chemicals such phthalates, BPA, PBDEs, polycyclic aromatic
hydrocarbons (PAHs), and PFAS yielded few results, and the findings
for self-reported exposure to solely non-persistent pesticides were
inconsistent. None of these studies were able to specifically evaluate
the testicular dysgenesis syndrome hypothesis because they were all
cross-sectional studies without information on prenatal exposure.

In Vivo Evidence

A previous study on the effect of bisphenol A (BPA) effect on prostate in
mice found that the continuous exposure of low doses of BPA resulted
in increased both Estrogen receptor 1 (Esr-1) and Androgen receptor
(Ar) genes expression thus leading to permanent increase in prostate
size and its hormone responsiveness®. Furthermore, rats administered
neonatal low doses of BPA manifested prostatic intraepithelial neoplasia
progression to carcinoma®”. In general, prolonged adult exposure to
EDC:s can also trigger neo-plastic lesions and hyperplasia in addition to
the unfavourable alterations in the prostate as study’s findings indicated
that long-term BPA exposure can promote immunological disruption,
abnormal growth dysregulation and transcriptome reprogramming in
adult rat prostate®%.

The exposure of a single maternal dose of 2,3,7,8-tetrachlorodibenzo-
p-dioxin (TCDD), which is the most potent and toxic type of
dioxin, was found to be a possible cause of prostate carcinogenesis
in rodents?”. Moreover, polychlorinated biphenyls (PCB), organic
pollutant, exposure also elevates the proliferation and metastasis of PC
through the Aryl hydrocarbon receptor (AHR)?!°. AHR could increase
androgen signalling pathway and thus carcinogenesis in prostate
cancer cells?!!. Despite these evidences, the exact chemical mechanism
by which dioxin and PCB increase carcinogenicity in prostate
cancer is still unknown. Another EDC that affects prostate is di-(2-
ethylhexyl) phthalate (DEHP) which is known for its alterations on the
development and function of reproductive organs including the uterine
and prostate?'*'*. DEHP exposure during pregnancy and lactation may
disturb testosterone and estrogen balance and thereby increasing the
risk of prostate cancer?'. Estrogen hormone have also been linked
to disturbance of prostate function and possibility of prostate cancer
development?'>. Rats and mice exposed to prenatal doses of estrogen
suffered from impaired prostate function, increased proliferation,
inflammation, and dysplastic epithelial alterations later on*'®.

In Vitro Evidence

Many in vitro studies focused on the effect of different EDCs on the
prostate function and incidence of PC. For intense, an ecological study
investigated the correlation between oral contraceptives use during
pregnancy and the manifestation of prostate cancer in the child later
on?!”, Prostate cancer incidence and mortality rates were correlated with
the proportion of females who used contraceptives (oral and others).
The results showed a significant relation between oral contraceptives
use and prostate cancer (p< 0.05)?'7. furthermore, in another study,
both benign and malignant human prostate cells were treated with 17-
B- hydroxyestradiol for 72 hours either alone or in combination with
leptin. The combination resulted in significantly higher growth in all
cell types, while surprisingly, 17-B- hydroxyestradiol alone caused a
reduction in cell growth in benign prostate hyperplasia cells*'®. The
results align with other studies that shows either inhibition or increasing
effect of estrogen on prostate cells?!>219220,

Another EDC in relation with prostate cancer is phthalate. The presence
of urinary phthalate metabolites was positively correlated with prostate
carcinoma in obese men??!'. Phthalate carcinogenicity could be through
its activation of peroxisome proliferator- activated receptor o (PPAR a)
or by AhR receptor mentioned earlier’?. Further studies are required in
assessing the effect of each phthalate metabolite and their combination.

3.3.2.3 EDCs and Thyroid Cancer

Studies have linked EDCs to thyroid gland imbalance as they may affect
thyroidal function in at different levels, the bioavailability of T3/T4
hormones, as well as central regulation processes at the hypothalamus
or pituitary glands levels, all of which may interfere with the function
of the thyroid gland??>?**, There are numerous mechanisms in which
thyroid-disrupting substances could cause a decreasing the levels
of thyroidal hormones. These include: 1. iodide uptake inhibition,
2. thyroid peroxidase inhibition that induces disruption of thyroid
hormone synthesis, and 3. increased uridine diphosphoglucoronosyl
transferase enzymes*?. According to several studies, exposure to
certain EDCs alters thyroid function and is linked to a higher risk
of a number of harmful health effects, such as thyroid diseases,
developmental abnormalities, and several types of cancer®?%.
Pesticides, polychlorinated biphenyls (PCBs), flame retardants,
phthalates, perfluoroalkyl substances (PFAS), and bisphenol A (BPA)
are EDCs linked to thyroid cancer?. Although they are known to
be harmful to health and associated with thyroid cancer, they do not
necessarily reduce thyroid hormone levels, and studies to date have
been unable to determine their precise mechanism of action?!. These
chemicals can influence euthyroid state in a variety of ways, including
"disturbance of thyroid hormone biosynthesis by directly targeting the

non

sodium-iodide symporter (NIS)", "interaction with thyroid hormone
transporters/receptors"”, "interference with the hypothalamic-pituitary-
thyroid axis", and "disruption of multiple molecular alterations

associated with thyroid pathogenesis"*2.

In Vivo Evidence

The most common endocrine system cancer in thyroid cancer with a
faster incidence than any other malignancy®?. Flame retardants are
a widespread class of chemicals that is found in furniture, fabrics,
plastics, and many other household products®*. The similarity of
flame retardants, such as decabromodiphenyl ether (decaBDE) and tris
(2-chloroethyl) phosphate (TCEP), to natural thyroid hormones was
found to cause disruption in the living organism thyroidal homeostasis
and, most importantly, increased risk of thyroid cancer?>*¢. Despite
the lack of in vivo studies on human, animal and in vitro studies prove
the risk of EDCs interaction and alteration of thyroid function, specially
in infants’ later life when exposed during gestation. A study shows
that shortly after the exposure to decabromodiphenyl ether during
pregnancy and lactation in rats (146mg/kg/day) and mice (1500mg/kg/
day), a significant drop in blood T3 levels were observed®’. Another
study showed negative effects of polybrominated diphenyl ethers on
both adult rats and their developing offspring when they were exposed
to it through gestation, and the highest concentration was found in
breast milk proving lactational transfer of these chemicals to infants
and new-borns?%. In vivo studies have also included non-mammalian
models?'7*'®. For instance, a previous study studied the thyroidal
disruption effect of phenanthrene, a polycyclic aromatic hydrocarbon
found in pollution, on Arabian seabream fish**. Different phenanthrene
concentrations were given to assess the changes in thyroid gland tissue,
serum T3 and T4 levels, and the fish muscle content of phenanthrene.
The results showed a significant impact of phenanthrene on thyroid
function in fish as changes in T3 and T4 levels were observed along
with a decreasing thyroid follicle epithelium and increased follicle
diameter were shown?®,

In Vitro Evidence

Human studies have showed inconsistency regarding the exact effect
of EDCs and flame retardants on thyroid hormones****!. However,
all studies showed strong correlation between increased levels of
different EDCs and raised risk or incidence of thyroid cancer??*.
A case-control study regarding the effect of flame retardants (FRs),
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specially decabromodiphenyl ether (decaBDE) and tris (2-chloroethyl)
phosphate (TCEP), on the rates and severity of papillary thyroid cancer
(PTC) showed that higher levels of FRs are associated with higher
odds of PTC occurrence®. Another flame retardant, polybrominated
biphenyl (PBB), was found to disrupt the thyroid function homeostasis
through the suppression of thyroid receptor- mediated transcription in
in vitro cell cultures®*.

Another study also studied PTC association with polybrominated
diphenyl ethers and polybrominated biphenyls serum levels in US
patients and proved the strong correlation between them?®. The
association was even higher in women and with larger thyroid tumor
size (> 10mm)**. Furthermore, environmental pollutants bisphenol AF
and phthalates presence in human serum was linked to an increased
risk of developing thyroid cancer by 14 times*’. Another study also
linked the presence of 7 polycyclic aromatic hydrocarbon metabolites
(organic pollutants) to manifestation of nodular goiter and PTC>*.

3.3.2.4 EDCs and Uterine cancer

EDCs are known to mimic natural hormones and negatively affect the
function and growth of normal reproductive organs''®. By exploiting
epigenomic plasticity, intrauterine and early age exposure to EDCs
may be the cause reprogramming of myometrial stem cells that results
in mutations and possibility of cancer*®. The EDC chemicals related
to uterine disturbance and possibly cancer mainly acted on hormones,
since uterine cancer is estrogen dependant '*'. Many different chemicals
were included such as BPA, PFAS and EE.

EDCs, or substances that interfere with hormone activity, may
be a modifiable risk factor for fibroid growth since estrogen and
progesterone are crucial for fibroid growth and because reproductive-
aged women are frequently exposed to EDCs**!. Some EDCs,
including diethylstilbestrol (DES), which may behave as estrogen
agonists, have been implicated in the etiology of fibroid tumors,
according to earlier research??2. By mimicking endogenous hormones
and inhibiting their binding to the receptors or interfering with their
function and regulation, EDCs can change how hormones work by
attaching to nuclear receptors®3. Importantly, EDCs can have a non-
monotonic dose response curve, meaning that even low concentrations
of these chemicals might have pathologic consequences, especially
when multiple chemicals are exposed simultaneously®”?*. Certain
EDCs have been linked to poor reproductive results in humans as
well as reproductive toxicity in animal models®®>>?%, The majority
of in-vitro investigations show that EDCs, including DEHP and
bisphenol A, boosted the proliferation of human fibroid cells, aiding
in the development of fibroid®>*2%, A correlation between EDCs and
pathways connected to inflammation is suggested by a number of
fibroid mechanistic investigations?>*?!. In a study published in 2020
by Lee et al., fibroid prevalence among South Korean reproductive-
aged women was compared to exposures to non-persistent EDCs.
Transvaginal ultrasonography was used to detect the existence of
fibroids. They discovered that frequent users of personal care items
had higher associations between chemical exposures and fibroid risk,
which included the usage of specific parabens and phthalates, such as
EDEHP*2,

In Vivo Evidence

Several animal-model studies have been made in assessing the effect
of EDCs on uterus and their role in progression of uterine cancer.
BPA and 17 a- ethinyl estradiol (EE) are similar EDCs found in many
ingested products such as food packaging and cans, as well as in oral
contraceptives®®. Another study examined the pathology of these two
chemicals by exposing mice to continues oral doses of BPA and EE in
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a human exposure-mimicking doses?*. Two different uterine diseases

were found that were related to immunity and fibrotic pathologies,
pyometra and equine endometriosis-like phenotype®*. Both chemicals
significantly increase uterine weight as they act in an estrogen-like
action®®. Moreover, rats exposed with low-dose BPA for a lifetime (25
and 250 ng/kg/day) showed pathology in oestrous cycle and uterine
homeostasis**. The possible mechanism of action is proposed to be
through the dysregulation of multiple estrogen receptors, but the exact
mechanism is still unknown'®.

PCBs were also found to have a variety of mechanisms by which it is
related to endometrial cancer incidence or progression®. One of the
mechanisms that was found is by enhancing the inflammatory factors
by estrogen and AHR receptors without altering normal estrogen
levels®’. To study the exact mechanism of dioxin products on AHR in
living organisms, another study treated different strains of rats (dioxin-
sensitive and -insensitive) with TCDD and examined the alterations in
mRNA levels that are controlled by AHR?%. Dioxin-sensitive rat strains
exhibited higher transcriptional changes that could lead to endometrial
disturbance and other adverse health problems?%2¢%,

In Vitro Evidence

Breast and uterine, gender-related, cancers are estrogen-dependent
neoplasms. Epidemiologic studies linked several EDCs commonly
used in personal care products like di-(2-ethylhxyl) phthalate (DEHP)
and parabens to the increased risk of fibroids development and severity
in female uterine'. BPA relation to uterine pathology is also widely
studied as it is the most common estrogenic EDC present in numerous
daily used plastic-products®®. Higher BPA and PCB levels were
associated with ovarian cancer and uterine cancer in female patients'>.
Furthermore, a small cohort study in Japanese women linked complex
endometrial hyperplasia and cancer to low levels of serum BPA?™.

Polyfluorinated substances (PFAS) are another EDC, found in drinking
water, that was shown to be associated with increased risk of uterine
leiomyoma and PCOS in Swedish females*”". Another study examined
plasma levels of 7 PFAS in women with uterine fibroid and 9.4% fibroid
prevalence rate was found. PFAS were not associated with fibroid
number and initiation but rather affected fibroid growth enhancement or
suppression (depending on the original fibroid volume)?’?>. TCDD was
investigated regarding its toxic effect on uterine in Seveso women?”.
In contrast to its estrogenic effect on breast, TCDD was showed to
have an anti-estrogenic effect on the uterine myometrium and thus it
is possible to have a different effect on mammary tissue and uterine
endometrium, more studies are required regarding the mechanism for
these observations?’>?7,

CONCLUSION

Human studies have showed inconsistency regarding the exact
effect of EDCs and flame retardants on thyroid hormones. EDCs
are known to mimic natural hormones and negatively affect the
function and growth of normal reproductive organs.

Authorship Contribution: All authors share equal effort contribution
towards (1) substantial contributions to conception and design,
acquisition, analysis and interpretation of data; (2) drafting the article
and revising it critically for important intellectual content; and (3) final
approval of the manuscript version to be published. Yes.

Potential Conflicts of Interest: None

Competing Interest: None

Acceptance Date: 25 October 2025



Bahrain Medical Bulletin, Vol. 48, No. 1, March 2026

REFERENCE

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Kershaw E E, Flier J S. Adipose tissue as an endocrine organ. J C
End Met 2004;89(6):2548-56.

Darbre P D, Harvey P W. Parabens can enable hallmarks and
characteristics of cancer in human breast epithelial cells: a review
of'the literature with reference to new exposure data and regulatory
status. JAT 2014;34(9):925-38.

Darbre P D. Endocrine Disruptors and Obesity. Current obesity
reports 2017;6(1):18-27.

Heindel J, Schug T. The Obesogen Hypothesis: Current Status and
Implications for Human Health. Current Environmental Health
Reports 2014;1(1): 1-11

Janesick A S, Blumberg B. Obesogens: an emerging threat to
public health. Am j obs gyn 2016;214(5):559-65.

Nappi F, Barrea L, Di Somma C, et al. Endocrine Aspects of
Environmental "Obesogen" Pollutants. Int J Env Res Public
Health 2016;13(8):1-16.

Griin F, Blumberg B. Environmental obesogens: organotins and
endocrine disruption via nuclear receptor signaling. Endocrinology
2006;147(6):1-11

Heindel J J, Vom Saal F S, Blumberg B, et al. Parma consensus
statement on metabolic disruptors. Envir he 2015;14(1):1-7.
Hatch E E, Nelson J] W, Stahlhut R W, et al. F. Association
of endocrine disruptors and obesity: perspectives from
epidemiological studies. Inter j andr 2010;33(2):324-32.

Janesick A, Blumberg B. Minireview: PPARy as the target of
obesogens. J steroid bioch mol bio 2011;127(1):4-8.

OECD. Obesity Update [internet]. 2023 [Accessed on July 12,
2023].

Kabir E R, Rahman M S, Rahman I. A review on endocrine
disruptors and their possible impacts on human health. Environ
Toxicol Pharmacol 2015;40(1):241-58.

Kavlock R J, Daston G P, DeRosa C, et al. Research needs for the
risk assessment of health and environmental effects of endocrine
disruptors: a report of the U.S. EPA-sponsored workshop. Environ
Health Perspect 1996;104(4):715-40.

Gokseyr A. Endocrine disruptors in the marine environment:
mechanisms of toxicity and their influence on reproductive
processes in fish. J tox envir health 2006;69(1):175-84.

World Health Organization. State of the science of endocrine
disrupting chemicals [internet]. 2023 [Accessed on July 12, 2023].
Zoeller R T, Brown T R, Doan L L, et al. Endocrine-disrupting
chemicals and public health protection Endocrinology
2012;153(9):4097-110.

Combarnous Y, Nguyen T M D. Comparative Overview of the
Mechanisms of Action of Hormones and Endocrine Disruptor
Compounds. Toxics 2019;7(1):1-11.

Horan T S, Pulcastro H, Lawson C, et al. Replacement Bisphenols
Adversely Affect Mouse Gametogenesis with Consequences for
Subsequent Generations. Curr bio 2018;28(18):2948-54.

Chen C H, Jiang S S, Chang I S, et al. Association between fetal
exposure to phthalate endocrine disruptor and genome-wide DNA
methylation at birth. Environ Res 2018;162(1):261-70.

Huang F M, Chang Y C, Lee S S, et al. Bisphenol A exhibits
cytotoxic or genotoxic potential via oxidative stress-associated
mitochondrial apoptotic pathway in murine macrophages. Food
che toxi 2018;122(1):215-24.

Nguyen D T, Nguyen H H, Nguyen T D, et al. Whole Genome
Sequencing of a Vietnamese Family from a Dioxin Contamination
Hotspot Reveals Novel Variants in the Son with Undiagnosed
Intellectual Disability. Int J Env Res Public Health 2018;15(12):1-11.
Predieri B, ITughetti L, Bernasconi S, et al. Endocrine Disrupting
Chemicals' Effects in Children: What We Know and What We
Need to Learn. Int j m sc 2022;23(19):1-43,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Yilmaz B, Terekeci H, Sandal S, et al. Endocrine disrupting
chemicals: exposure, effects on human health, mechanism of
action, models for testing and strategies for prevention. Rev
Endocr Metab Disord 2020;1(1):127-47.

Rhomberg L R, Goodman J E. Low-dose effects and nonmonotonic
dose-responses of endocrine disrupting chemicals: has the case
been made? Regulatory toxicology and pharmacology : RTP
2012;64(1):130-3.

Predieri B, Alves C A D, Tughetti L. New insights on the effects
of endocrine-disrupting chemicals on children. Jornal de pediatria
2022;98(1):73-85.

Cho Y J, Yun J H, Kim S J, et al. Nonpersistent endocrine
disrupting chemicals and reproductive health of women. Obs gyn
sc 2020;63(1):1-12.

Caserta D, Di Segni N, Mallozzi M, et al. Bisphenol A and the female
reproductive tract: an overview of recent laboratory evidence and
epidemiological studies. Repr bio endo 2014;12(1):1-10.
Cooper G S, Savitz D A, Millikan R, et al. Organochlorine exposure
and age at natural menopause. Epidemiology 2002;13(6):729-33.
Eskenazi B, Warner M, Brambilla P, et al. The Seveso accident:
A look at 40 years of health research and beyond. Environ Int
2018;121(1):71-84.

Saxena M C, Siddiqui M K, Seth T D, et al. Organochlorine
pesticides in specimens from women undergoing spontaneous
abortion, premature of full-term delivery. J Anal Toxicol
1981;5(1):6-9.

Griin F, Blumberg B. Endocrine disrupters as obesogens. Mol Cell
Endocrinol 2009;304(1):19-29.

Griin F. Obesogens. Curr endo dia ob 2010;17(5):453-9.
Diamanti-Kandarakis E, Bourguignon J P, Giudice L C, et al.
Endocrine-disrupting chemicals: an Endocrine Society scientific
statement. Endocr Rev 2009;30(4):293-342.

Caliman F, Gavrilescu M. Pharmaceuticals, Personal Care
Products and Endocrine Disrupting Agents in the Environment —
A Review. Clea S A Wa 2009;37(1):277-303.

Vandenberg L N, Colborn T, Hayes T B, Heindel J J, et al
Hormones and endocrine-disrupting chemicals: low-dose effects and
nonmonotonic dose responses. Endocr Rev 2012;33(3):378-455.
Vandenberg L N. Non-monotonic dose responses in studies of
endocrine disrupting chemicals: bisphenol a as a case study. Dos
res 2013;12(2):259-76.

Margina D, Nitulescu G M, Ungurianu A, et al. Overview of the
effects of chemical mixtures with endocrine disrupting activity in
the context of real-life risk simulation: An integrative approach
(Review). W Aca Sci j 2019;1(4):157-64.

World Health Organization. Obesity [internet]. 2023 [Accessed on
July 12, 2023].

World Health Organization. Obesity and overweight [internet].
2023 [Accessed on July 12, 2023].

Blither M. Obesity: global epidemiology and pathogenesis. Nat
Rev Endocrinol 2019;15(5):288-98.

Heindel J J, Schug, TT. The Obesogen Hypothesis: Current
Status and Implications for Human Health. Curr Envir Health Rpt
2014;1(1):333-40.

La Merrill M, Emond C, Kim M J, et al. Toxicological function
of adipose tissue: focus on persistent organic pollutants. Environ
Health Perspect 2013;121(2):162-9.

Louis C, Tinant G, Mignolet E, et al. PCB-153 shows different
dynamics of mobilisation from differentiated rat adipocytes during
lipolysis in comparison with PCB-28 and PCB-118. PloS one
2014;9(9):1-10.

Joffin N, Noirez P, Antignac J P, et al. Release and toxicity of
adipose tissue-stored TCDD: Direct evidence from a xenografted
fat model. Environ Int 2018;121(1):1113-20.

2981



45.

46.

47.

48.

49.

50.

51,

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Endocrine Disruptors, Adipose Tissue, and Obesity-Related Cancer

Fénichel P, Coquillard P, Brucker-Davis F, et al. Sustained
bloodstream release of persistent organic pollutants induced by
extensive weight loss after bariatric surgery: Implications for
women of childbearing age. Environ Int 2021;151(1):1-12.
Pestana D, Faria G, Sa C, et al. Persistent organic pollutant levels
in human visceral and subcutaneous adipose tissue in obese
individuals--depot differences and dysmetabolism implications.
Environ Res 2014;133(1)170-7.

Rolle-Kampczyk U, Gebauer S, Haange S B, et al. Accumulation
of distinct persistent organic pollutants is associated with adipose
tissue inflammation. Sci tot envi 2020;748(1):1-15.

Lee M W, Lee M, Oh K J. Adipose Tissue-Derived Signatures
for Obesity and Type 2 Diabetes: Adipokines, Batokines and
MicroRNAs. J clin med 2019;8(6):1-36.

Scheja L, Heeren J. The endocrine function of adipose tissues in health
and cardiometabolic disease. Nat rev Endo 2019;15(9):507-24.
Heindel J J, Blumberg B, Cave M, et al. Metabolism disrupting
chemicals and metabolic disorders. Reprod tox 2017;68(1):3-33.
Kahn L G, Philippat C, Nakayama S F, et al. Endocrine-disrupting
chemicals: implications for human health. lancet Dia endo
2020;8(8):703—18.

Papalou O, Kandaraki E A, Papadakis G, et al. Endocrine
Disrupting Chemicals: An Occult Mediator of Metabolic Disease.
Front endo 2019;10(1):1-14.

Bateman M E, Strong A L, McLachlan J A, et al. The Effects
of Endocrine Disruptors on Adipogenesis and Osteogenesis in
Mesenchymal Stem Cells: A Review. Fron endo 2017;7(1):1-12.
Heindel J J, Blumberg B. Environmental Obesogens: Mechanisms
and Controversies. Annu Rev Pharmacol Toxicol 2019;59(2):89—
106.

Longo M, Zatterale F, Naderi J, et al. Adipose Tissue Dysfunction
as Determinant of Obesity-Associated Metabolic Complications.
Inter j mol sc 2019;20(9):1-23.

Griffin M D, Pereira S R, DeBari M K, et al. Mechanisms of
action, chemical characteristics, and model systems of obesogens.
BMC eng 2020;2(1):1-13.

Palmer J R, Wise L A, Hatch E E, et al. Prenatal diethylstilbestrol
exposure and risk of breast cancer. Ca epid bio prev
2006;15(8):1509-14.

Li C H, Ren X M, Guo L H. Adipogenic Activity of Oligomeric
Hexafluoropropylene Oxide (Perfluorooctanoic Acid Alternative)
through Peroxisome Proliferator-Activated Receptor y Pathway.
Environ Sci Technol 2019;53(6):3287-95.

Liu S, Yang R, Yin N, et al. Environmental and human relevant
PFOS and PFOA doses alter human mesenchymal stem cell self-
renewal, adipogenesis and osteogenesis. Ecotoxicol Environ Saf
2019;169(1):564-72.

Ma Y, Yang J, Wan Y, et al. Low-level perfluorooctanoic acid
enhances 3T3-L1 preadipocyte differentiation via altering
peroxisome proliferator activated receptor gamma expression and
its promoter DNA methylation. JAT 2018;38(3):398—407.

Vieira V M, Hoffman K, Shin H M, et al. Perfluorooctanoic acid
exposure and cancer outcomes in a contaminated community: a
geographic analysis. Environ Health Perspect 2013;121(3):318-23.
Yamamoto J, Yamane T, Oishi Y, et al. Perfluorooctanoic acid
binds to peroxisome proliferator-activated receptor y and
promotes adipocyte differentiation in 3T3-L1 adipocytes. Biosci,
Biotechnol, Biochem 2015;79(4):636-9.

Ceotto Freitas-Lima L, Merlo E, Campos Zicker M, et al. Tributyltin
impacts in metabolic syndrome development through disruption
of angiotensin II receptor signaling pathways in white adipose
tissue from adult female rats. Toxicol Lett 2018;299(1):21-31.

da Costa C S, Miranda-Alves L, La Merrill M A, et al. The
tributyltin leads to obesogenic mammary gland abnormalities in
adult female rats. Toxicol Lett 2019;307(1):59-71.

2982

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

Zanol J F, Niflo O M S, da Costa C S, et al. Tributyltin and high-
refined carbohydrate diet lead to metabolic and reproductive
abnormalities, exacerbating premature ovary failure features in
the female rats. Repro tox 2021;103(1):108-23.

Arsenescu V, Arsenescu R I, King V, et al. Polychlorinated
biphenyl-77 induces adipocyte differentiation and proinflammatory
adipokines and promotes obesity and atherosclerosis. Environ
Health Perspect 2008;116(6):761-8.

Kim M J, Pelloux V, Guyot E, et al. Inflammatory pathway genes
belong to major targets of persistent organic pollutants in adipose
cells. Environ Health Perspect 2012;120(4):508—14.

Gore A C, Chappell V A, Fenton S E, et al. EDC-2: The Endocrine
Society's Second Scientific Statement on Endocrine-Disrupting
Chemicals. Endocr Rev 2015;36(6):1-150.

Regnier S M, Sargis R M. Adipocytes under assault: environmental
disruption of adipose physiology. Biochimica biophysica acta
2014 (3):520-33.

Braun J M. Early-life exposure to EDCs: role in childhood obesity
and neurodevelopment. Nat rev Endo 2017;13(3):161-73.
Chamorro-Garcia R, Blumberg B. Current Research Approaches and
Challenges in the Obesogen Field. Front endocr 2019;10(1):1-7.
Hakkola J, Tanaka E, Pelkonen O. Developmental expression of
cytochrome P450 enzymes in human liver. Pharmacol Toxicol
1998;82(5):209-17.

Rubin B S, Paranjpe M, DaFonte T, et al. Perinatal BPA exposure
alters body weight and composition in a dose specific and sex
specific manner: The addition of peripubertal exposure exacerbates
adverse effects in female mice. Reprod toxic 2017;68(1):130—44.
Ren X M, Kuo Y, Blumberg B. Agrochemicals and obesity. Mol
Cell Endocrinol 2020;515(1):1-38.

Hao C J, Cheng X J, Xia H F, et al. The endocrine disruptor
4-nonylphenol promotes adipocyte differentiation and induces
obesity in mice. Cell phys bioch 2012;30(2):382-94.

Hines E P, White S S, Stanko J P, et al. Phenotypic dichotomy
following developmental exposure to perfluorooctanoic acid
(PFOA) in female CD-1 mice: Low doses induce elevated serum
leptin and insulin, and overweight in mid-life. Mol Cell Endocrinol
2009;304(1):97-105.

Tontonoz P, Spiegelman B M. Fat and beyond: the diverse biology
of PPARgamma. Annu Rev Biochem 2008;77(1):289-312.
Janesick A, Blumberg B. Endocrine disrupting chemicals and the
developmental programming of adipogenesis and obesity. Bir defe
res 2011;93(1):34-50.

Pereira-Fernandes A, Demaegdt H, Vandermeiren K, et al.
Evaluation of a screening system for obesogenic compounds:
screening of endocrine disrupting compounds and evaluation of
the PPAR dependency of the effect. PloS one 2013;8(10):1-17.
Pereira-Fernandes A, Vanparys C, Hectors T L, Vergauwen L, et
al. Unraveling the mode of action of an obesogen: mechanistic
analysis of the model obesogen tributyltin in the 3T3-L1 cell line.
Mol Cell Endocrinol 2013;370(1):52—64.

Punzon [, Latapie V, Le Mével S, et al. Towards a humanized
PPARy reporter system for in vivo screening of obesogens. Mol
Cell Endocrinol 2013;374(1):1-9.

Foley B, Doheny D L, Black M B, et al. Editor's Highlight:
Screening ToxCast Prioritized Chemicals for PPARG Function
in a Human Adipose-Derived Stem Cell Model of Adipogenesis.
Toxico sc 2017;155(1):85-100.

Janesick A S, Dimastrogiovanni G, Vanek L, et al. On the Utility of
ToxCast™ and ToxPi as Methods for Identifying New Obesogens.
Environ Health Perspect 2016;124(8):1214-26.

Amato A A, Wheeler H B, Blumberg B. Obesity and endocrine-
disrupting chemicals. Endo conn 2021;10(2):87—-105.

Griin F, Blumberg B. Perturbed nuclear receptor signaling by
environmental obesogens as emerging factors in the obesity crisis.
Rev Endocr Metab Disord 2007;8(2):161-71.



Bahrain Medical Bulletin, Vol. 48, No. 1, March 2026

86. Francis C E, Allee L, Nguyen H, et al. Endocrine disrupting
chemicals: Friend or foe to brown and beige adipose tissu. Toxicol
Lett 2021;463(1):1-31.

87. Rosen E D, Sarraf P, Troy A E, et al. PPAR gamma is required for
the differentiation of adipose tissue in vivo and in vitro. Mol Cell
1999;4(4):611-17.

88. Maradonna F, Carnevali O. Lipid Metabolism Alteration by
Endocrine Disruptors in Animal Models: An Overview. Front
endo 2018;9(1):1-14.

89. Delfosse V, Maire A L, Balaguer P, et al. A structural perspective
on nuclear receptors as targets of environmental compounds. Acta
pharmacologica Sinica 2015;36(1):88-101.

90. World Health Organization. Cancer [internet]. 2023 [Accessed on
July 12, 2023].

91. International Agency for Research on Cancer. CANCER TODAY
[internet]. 2023

92. Lauby-Secretan B, Scoccianti C, Loomis D, et al. Body Fatness
and Cancer--Viewpoint of the IARC Working Group. NEJM
2016;375(8):794-8.

93. Bosland M C. The role of estrogens in prostate carcinogenesis: a
rationale for chemoprevention. Rev uro 2005;7(1)4-10.

94. Green S M, Mostaghel E A, Nelson P S. Androgen action
and metabolism in prostate cancer. Mol Cell Endocrinol
2012;360(1):3-13.

95. Liang J, Shang Y. Estrogen and cancer. Annu Rev Physiol
2013;75(1):225-40.

96. Soto A M, Sonnenschein C. Environmental causes of
cancer: endocrine disruptors as carcinogens. Nat rev Endocr
2010;6(7):363-70.

97. Hoover R N, Hyer M, Pfeiffer R M, et al. Adverse health
outcomes in women exposed in utero to diethylstilbestrol. NEJM
2011;365(14):1304-14.

98. Fénichel P, Brucker-DavisF,ChevalierN. Thehistory of Distilbéene®
(Diethylstilbestrol) told to grandchildren--the transgenerational
effect. Annales d'endocrinologie 2015;76(3):253-9.

99. Koual M, Cano-Sancho G, Bats A S, et al. Associations between
persistent organic pollutants and risk of breast cancer metastasis.
Environ Int 2019;132(1):1-10.

100.Mallozzi M, Leone C, Manurita F, et al. Endocrine Disrupting
Chemicals and Endometrial Cancer: An Overview of Recent
Laboratory Evidence and Epidemiological Studies. Int J Env Res
Public Health 2017;14(3):1-23.

101.Rachon D. Endocrine disrupting chemicals (EDCs) and female
cancer: Informing the patients. Rev Endocr Metab Disord
2015;16(4):359-64.

102.Bouskine A, Nebout M, Mograbi B, et al. Estrogens promote
human testicular germ cell cancer through a membrane-mediated
activation of extracellular regulated kinase and protein kinase A.
Endocrinology 2008;149(2):565-73.

103. Chevalier N, Bouskine A, Fenichel P. Bisphenol A promotes
testicular seminoma cell proliferation through GPER/GPR30. Int
J Cancer 2012;130(1):241-2.

104. Chevalier N, Hinault C, Clavel S, et al. GPER and Testicular Germ
Cell Cancer. Front endocr 2021;11(1):1-9.

105. Lobaccaro J M, Trousson A. Environmental estrogen exposure
during fetal life: a time bomb for prostate cancer. Endocrinology
2014;155(3):656-8.

106.Prins G S, Hu W'Y, Shi G B, et al. Bisphenol A promotes human
prostate stem-progenitor cell self-renewal and increases in vivo
carcinogenesis in human prostate epithelium. Endocrinology
2014;155(3):805-17.

107.Brureau L, Emeville E, Helissey C, et al. Endocrine disrupting-
chemicals and biochemical recurrence of prostate cancer after
prostatectomy: A cohort study in Guadeloupe (French West
Indies). Int J Cancer 2020;146(3):657-63.

108. Multigner L, Ndong J R, Giusti A, et al. Chlordecone exposure
and risk of prostate cancer. Journal of clinical oncology :
official journal of the American Society of Clinical Oncology
2010;28(21):3457-62.

109. Ali L, Julin B, Glynn A, et al. Exposure to polychlorinated biphenyls
and prostate cancer: population-based prospective cohort and
experimental studies. Carcinogenesis 2016;37(12):1144-51.

110. Emeville E, Giusti A, Coumoul X, et al. Associations of plasma
concentrations  of  dichlorodiphenyldichloroethylene  and
polychlorinated biphenyls with prostate cancer: a case-control
study in Guadeloupe (French West Indies). Environ Health
Perspect 2015;123(4):317-23.

111. Chang E T, Adami H O, Boffetta P, et al. A critical review of
perfluorooctanoate and perfluorooctanesulfonate exposure and
cancer risk in humans. Crit Rev Toxicol 2014;44(1):1-81.

112. Di Donato M, Cernera G, Giovannelli P, et al. Recent advances
on bisphenol-A and endocrine disruptor effects on human prostate
cancer. Mol Cell Endocrinol 2017;457(1):35-42.

113.Key T J. Hormones and cancer in humans. Mutat Res
1995;333(1):59-67.

114. Albini A, Rosano C, Angelini G, et al. Exogenous hormonal
regulation in breast cancer cells by phytoestrogens and endocrine
disruptors. Curr Med Chem 2014;21(9):1129-45.

115. Mori T, Nagasawa H, Bern H. A. Long-term effects of perinatal
exposure to hormones on normal and neoplastic mammary growth
in rodents: a review. J env path toxic 1979;3(1):191-205.

116. Crain D A, Janssen S J, Edwards T M, et al. Female reproductive
disorders: the roles of endocrine-disrupting compounds and
developmental timing. Fer ster 2008;90(4):911-40.

117. Hanahan D, Weinberg R A. Hallmarks of cancer: the next
generation. Cell 2011;144(5):646-74.

118. Soto A M, Sonnenschein C. The tissue organization field theory
of cancer: a testable replacement for the somatic mutation theory.
Bio Essa 2011;33(5):332-40.

119. Sternlicht M D, Kouros-Mehr H, Lu P, et al. Hormonal and local
control of mammary branching morphogenesis. rese bio div
2006;74(7):365-381.

120. Lemmen J G, Broekhof J L, Kuiper G G, et al. Expression of
estrogen receptor alpha and beta during mouse embryogenesis.
Mech deve 1999;81(1):163-7.

121. Wadia P R, Cabaton N J, Borrero M D, et al. Low-dose BPA
exposure alters the mesenchymal and epithelial transcriptomes of
the mouse fetal mammary gland. PloS one 2013;8(5):1-10.

122.Keri R A, Ho S M, Hunt P A, et al. An evaluation of evidence
for the carcinogenic activity of bisphenol A. Repro toxic
2007;24(2):240-52.

123. Konieczna A, Rutkowska A, Rachon D. Health risk of exposure to
Bisphenol A (BPA). Roczniki Panstw 2015;66(1):5-11.

124. Vandenberg L N, Hauser R, Marcus M, et al. Human exposure to
bisphenol A (BPA). Repro toxic 2007;24(2):139-77.

125.Gao H, Yang B J, Li N, et al. Bisphenol A and hormone-
associated cancers: current progress and perspectives. Medicine
2015;94(1):1-8.

126. Seachrist D D, Bonk K W, Ho S M, et al. Areview of the carcinogenic
potential of bisphenol A. Repro toxic 2016;59(167-82.

127.Paulose T, Speroni L, Sonnenschein C, et al. Estrogens in the
wrong place at the wrong time: Fetal BPA exposure and mammary
cancer. Repro toxic 2015;54(1):58-65.

128. Arrebola J P, Belhassen H, Artacho-Cordon F, et al. Risk of
female breast cancer and serum concentrations of organochlorine
pesticides and polychlorinated biphenyls: a case-control study in
Tunisia. Sc tot envir 2015;520(1):106-13.

129. Aschengrau A, Coogan P F, Quinn M, et al. Occupational exposure
to estrogenic chemicals and the occurrence of breast cancer: an
exploratory analysis. Am J Ind Med 1998;34(1):6—-14.

2983



Endocrine Disruptors, Adipose Tissue, and Obesity-Related Cancer

130.Liu R, Nelson D O, Hurley S, et al. Residential exposure to
estrogen disrupting hazardous air pollutants and breast cancer risk:
the California Teachers Study. Epidemiology 2015;26(3):365-73.

131. Yang M, Ryu J H, Jeon R, et al. Effects of bisphenol A on breast
cancer and its risk factors. Arch Toxicol 2009;83(3):281-5.

132.Cohn B A, La Merrill M, Krigbaum N'Y, et al. DDT Exposure in
Utero and Breast Cancer. J clin endo meta 2015;100(8):2865-72.

133.Hiroi H, Tsutsumi O, Takeuchi T, et al. Differences in serum
bisphenol a concentrations in premenopausal normal women and
women with endometrial hyperplasia. Endocr J 2004;51(6):595—
600.

134. Sturgeon SR, Brock J W, Potischman N, et al. Serum concentrations
of organochlorine compounds and endometrial cancer risk (United
States). Ca cau con 1998;9(4):417-24.

135. Goodman M T, Wilkens L R, Hankin J H, et al. Association of soy
and fiber consumption with the risk of endometrial cancer. Am J
Epidemiol 1997;146(4):294-306.

136. Horn-Ross P L, John E M, Canchola A J, et al. Phytoestrogen intake
and endometrial cancer risk. J Natl Cancer Inst 2003;95(15):1158—64.

137.Rachon D, Vortherms T, Seidlova-Wuttke D, et al. Uterotropic
effects of dietary equol administration in ovariectomized Sprague-
Dawley rats. Climacteric 2007;10(5):416-26.

138. Unfer V, Casini M L, Costabile L, et al. Endometrial effects of
long-term treatment with phytoestrogens: a randomized, double-
blind, placebo-controlled study. Fert steri 2004;82(1):145-265.

139. Stoll B A. Western diet, early puberty, and breast cancer risk. Br ca
res tr 1998;49(3):187-93.

140. Yager J D, & Davidson, N. E. Estrogen carcinogenesis in breast
cancer. NEJM 2006;354(3):270-82.

141. Vasiliu O, Muttineni J, Karmaus W. In utero exposure to
organochlorines and age at menarche. Hu repro 2004;19(7):1506-12.

142. McGuinn LA, Ghazarian A A, Joseph Su L, et al. Urinary bisphenol
A and age at menarche among adolescent girls: evidence from
NHANES 2003-2010. Environ Res 2015;136(1):381-6.

143. Rutkowska A, Rachon D. Bisphenol A (BPA) and its potential role
in the pathogenesis of the polycystic ovary syndrome (PCOS).
Gyn endoy 2014;30(4):260-5.

144.Shen C C, Yang A C, Hung J H, et al. A nationwide population-
based retrospective cohort study of the risk of uterine, ovarian and
breast cancer in women with polycystic ovary syndrome. Oncol
2015;20(1):45-9.

145. Gottschau M, Kjaer S K, Jensen A, et al. Risk of cancer among
women with polycystic ovary syndrome: a Danish cohort study.
Gyn onco 2015;136(1):99-103.

146. Cooper R, Hardy R, Kuh D. Is adiposity across life associated with
subsequent hysterectomy risk? Findings from the 1946 British
birth cohort study. BJOG2008;115(2):184-92.

147.Key T J, Appleby P N, Reeves G K, et al. Body mass index, serum
sex hormones, and breast cancer risk in postmenopausal women. J
Natl Cancer Inst 2003;95(16):1218-26.

148. Wang X, Simpson E R, Brown K A. Aromatase overexpression
in dysfunctional adipose tissue links obesity to postmenopausal
breast cancer. J ste bio mol bio 2015;153(1):35-44.

149. Halldorsson T I, Rytter D, Haug L S, et al. Prenatal exposure
to perfluorooctanoate and risk of overweight at 20 years of
age: a prospective cohort study. Environ Health Perspect
2012;120(5):668-73.

150.Reaves D K, Ginsburg E, Bang J J, et al. Persistent organic
pollutants and obesity: are they potential mechanisms for breast
cancer promotion. Endocrine-related cancer 2015;22(2):69—-86.

151.Rubin B S, Soto A M. Bisphenol A: Perinatal exposure and body
weight. Mol Cell Endocrinol 2009;304(1):55-62.

152.Rachon D, Vortherms T, Seidlova-Wuttke D, et al. Effects of
dietary equol on the pituitary of the ovariectomized rats. Hor met
res 2007;39(4):256-61.

2984

153. Steinmetz R, Brown N G, Allen D L, et al. The environmental
estrogen bisphenol A stimulates prolactin release in vitro and in
vivo. Endocrinology 1997;138(5):1780-6.

154. Harvey P W. Hypothesis: prolactin is tumorigenic to human breast:
dispelling the myth that prolactin-induced mammary tumors are
rodent-specific. JAT 2012;32(1):1-9.

155.Lee H J, Ormandy C J. Interplay between progesterone and
prolactin in mammary development and implications for breast
cancer. Mol Cell Endocrinol 2012;357(1):101-7.

156. Arnold M, Leitzmann M, Freisling H, et al. Obesity and cancer:
An update of the global impact. Cancer epid 2016;41(1):8-15.
157.Berger N A. Obesity and cancer pathogenesis. Ann N'Y Acad Sci

2014;1311(1):57-76.

158.Kelly T, Yang W, Chen C S, et al. Global burden of obesity in 2005
and projections to 2030. Int j ob 2008;32(9):1431-7.

159. Avgerinos K I, Spyrou N, Mantzoros C S, et al. Obesity and cancer
risk: Emerging biological mechanisms and perspectives. Met clin
exp 2019;92(1):121-35.

160. Ligibel J A, Alfano C M, Courneya K S, et al. American Society of
Clinical Oncology position statement on obesity and cancer. J clin
onc 2014;32(31):3568-74.

161.Dalamaga M, Diakopoulos K N, Mantzoros C S. The role of
adiponectin in cancer: a review of current evidence. Endocr Rev
2012;33(4):547-94.

162. Dalamaga M, Christodoulatos G S, Mantzoros C S. The role of
extracellular and intracellular Nicotinamide phosphoribosyl-
transferase in cancer: Diagnostic and therapeutic perspectives and
challenges. Met clin exp 2018;82(1):72-87.

163. Sangeetha S V K, Loganathan BG. Environmental Contamination
and Human Exposure to Select Endocrine-Disrupting Chemicals:
A Review. Sust Ch 2021;2(2):343-80.

164. Gray L E J. Xenoendocrine disrupters: laboratory studies on male
reproductive effects. Toxicol Lett 1998;102(1):331-5.

165. Lacouture A, Lafront C, Peillex C, et al. Impacts of endocrine-
disrupting chemicals on prostate function and cancer. Environ Res
2022;204(1):1-14.

166. Fei C, McLaughlin J K, Tarone R E, et al. Fetal growth indicators
and perfluorinated chemicals: a study in the Danish National Birth
Cohort. Am J Epidemiol 2008;168(1):66-72.

167.Knox S S, Jackson T, Javins B, et al. Implications of early
menopause in women exposed to perfluorocarbons. J clin endo
meta 2011;96(6):1747-53.

168. White S S, Stanko J P, Kato K, et al. Gestational and chronic
low-dose PFOA exposures and mammary gland growth and
differentiation in three generations of CD-1 mice. Environ Health
Perspect 2011;119(8):1070-6.

169. Bonefeld-Jorgensen E C, Long M, Bossi R, et al. Perfluorinated
compounds are related to breast cancer risk in Greenlandic Inuit: a
case control study. Envir hea 2011;10(1):1-16.

170. Wielsee M, Kern P, Bonefeld-Jorgensen E C. Serum levels of
environmental pollutants is a risk factor for breast cancer in Inuit:
a case control study. Envir hea 2017;16(1):1-16.

171.Mancini F R, Cano-Sancho G, Gambaretti J, et al. Perfluorinated
alkylated substances serum concentration and breast cancer risk:
Evidence from a nested case-control study in the French E3N
cohort. Int J Cancer 2020;146(4):917-28.

172.Tsai M S, Chang S H, Kuo W H, et al. A case-control study
of perfluoroalkyl substances and the risk of breast cancer in
Taiwanese women. Environ Int 2020;142(1):1-7.

173. Hurley S, Goldberg D, Wang M, et al. Breast cancer risk and
serum levels of per- and poly-fluoroalkyl substances: a case-
control study nested in the California Teachers Study. Envir hea
2018;17(1):1-19.



Bahrain Medical Bulletin, Vol. 48, No. 1, March 2026

174. Bonefeld-Jergensen E C, Long M, Fredslund S O, et al. Breast
cancer risk after exposure to perfluorinated compounds in Danish
women: a case-control study nested in the Danish National Birth
Cohort. Ca cau con 2014;25(11):1439-48.

175. Ghisari M, Long M, Rage D M, et al. Polymorphism in xenobiotic
and estrogen metabolizing genes, exposure to perfluorinated
compounds and subsequent breast cancer risk: A nested case-
control study in the Danish National Birth Cohort. Environ Res
2017;154(1):325-33.

176. Amin M M, Tabatabaeian M, Chavoshani A, et al. Paraben Content
in Adjacent Normal-malignant Breast Tissues from Women with
Breast Cancer. Biom env sc 2019;32(12):893-904.

177.Barr L, Metaxas G, Harbach C A, et al. Measurement of paraben
concentrations in human breast tissue at serial locations across the
breast from axilla to sternum. JAT 2012;32(3):219-32.

178.Darbre P D, Aljarrah A, Miller W R, et al. Concentrations of
parabens in human breast tumours. JAT 2004;24(1):5-13.

179.Shen X, Liang J, Zheng L, et al. Ultrasound-assisted dispersive
liquid-liquid microextraction followed by gas chromatography-
mass spectrometry for determination of parabens in human breast
tumor and peripheral adipose tissue. J chroma B 2018;1096(1):48—
55.

180. Shen X, Liang J, Zheng L, et al. Application of dispersive liquid-
liquid microextraction for the preconcentration of eight parabens
in real samples and their determination by high-performance
liquid chromatography. J sep sci 2017;40(22):4385-93.

181.Parla A, Zormpa E, Paloumpis N, et al. Determination of Intact
Parabens in the Human Plasma of Cancer and Non-Cancer Patients
Using a Validated Fabric Phase Sorptive Extraction Reversed-
Phase Liquid Chromatography Method with UV Detection.
Molecules 2021;26(6):1-20.

182. Parada H, Jr Gammon M D, Ettore H L, et al. Urinary concentrations
of environmental phenols and their associations with breast cancer
incidence and mortality following breast cancer. Environ Int
2019;130(1):1-33.

183. Wu A H, Franke A A, Wilkens L R, et al. Risk of breast cancer
and prediagnostic urinary excretion of bisphenol A, triclosan
and parabens: The Multiethnic Cohort Study. Int J Cancer
2021;149(7):1426-34.

184. Rylander C, Veierad M B, Weiderpass E, et al. Use of skincare
products and risk of cancer of the breast and endometrium: a
prospective cohort stud. Envir hea 2019;18(1):1-12.

185.Taylor K W, Troester M A, Herring A H, et al. Associations
between Personal Care Product Use Patterns and Breast Cancer
Risk among White and Black Women in the Sister Study. Environ
Health Perspect 2018;126(2):1-8.

186.Lau C, Anitole K, Hodes C, et al. Perfluoroalkyl acids: a review of
monitoring and toxicological findings. Toxic sci 2007;99(2):366—
94.

187.Mogus J P, LaPlante C D, Bansal R, et al. Exposure to
Propylparaben During Pregnancy and Lactation Induces Long-
Term Alterations to the Mammary Gland in Mice. Endocrinology
2021;162(6):1-17.

188. Gopalakrishnan K, Teitelbaum S L, Lambertini L, et al. Changes
in mammary histology and transcriptome profiles by low-
dose exposure to environmental phenols at critical windows of
development. Environ Res 2017;152(1):233-43.

189. Majhi PD, Sharma A, Roberts AL, et al. Effects of Benzophenone-3
and Propylparaben on Estrogen Receptor-Dependent R-Loops and
DNA Damage in Breast Epithelial Cells and Mice. Environ Health
Perspect 2020;128(1):1-15.

190.Rodgers K M, Udesky J O, Rudel R A, et al. Environmental
chemicals and breast cancer: An updated review of epidemiological
literature informed by biological mechanisms. Environ Res
2018;160(1):152-82.

191. Sonthithai P, Suriyo T, Thiantanawat A, et al. Perfluorinated
chemicals, PFOS and PFOA, enhance the estrogenic effects
of 17B-estradiol in T47D human breast cancer cells. JAT
2016;36(6):790-801.

192. Pierozan P, Jerneren F, Karlsson O. Perfluorooctanoic acid (PFOA)
exposure promotes proliferation, migration and invasion potential
in human breast epithelial cells. Arch Toxicol 2018;92(5):1729-39.

193.Gonzalez T L, Moos R K, Gersch C L, et al. Metabolites of
n-Butylparaben and iso-Butylparaben Exhibit Estrogenic
Properties in MCF-7 and T47D Human Breast Cancer Cell Lines.
Toxic sci 2018;164(1):50-9.

194.Khanna S, Dash P R, Darbre P D. Exposure to parabens at the
concentration of maximal proliferative response increases
migratory and invasive activity of human breast cancer cells in
vitro. JAT 2014;34(9):1051-9.

195.Khanna S, Darbre P D. Parabens enable suspension growth of
MCF-10A immortalized, non-transformed human breast epithelial
cells. JAT 2013;33(5):378-82.

196. Wrobel A, Gregoraszczuk E L. Effects of single and repeated in
vitro exposure of three forms of parabens, methyl-, butyl- and
propylparabens on the proliferation and estradiol secretion in
MCF-7 and MCF-10A cells. Pharma rep 2013;65(2):484-93.

197. Dairkee S H, Luciani-Torres G, Moore D H, et al. A Ternary
Mixture of Common Chemicals Perturbs Benign Human Breast
Epithelial Cells More Than the Same Chemicals Do Individually.
Toxic sci 2018;165(1):131-44.

198.Di Zazzo E, Galasso G, Giovannelli P, et al. Prostate cancer stem
cells: the role of androgen and estrogen receptors. Oncotarget
2016;7(1):193-208.

199. De Falco M, Laforgia V. Combined Effects of Different Endocrine-
Disrupting Chemicals (EDCs) on Prostate Gland. Int J Env Res
Public Health 2021;18(18):1-18.

200. Gandaglia G, Leni R, Bray F, et al. Epidemiology and Prevention
of Prostate Cancer. Eur uro onco 2021;4(6):877-92.

201.Krstev S, Knutsson A. Occupational Risk Factors for Prostate
Cancer: A Meta-analysis. J ca prev 2019;24(2):91-111.

202.Lerro C C, Koutros S, Andreotti G, et al. Organophosphate
insecticide use and cancer incidence among spouses of pesticide
applicators in the Agricultural Health Study. Occup Environ Med
2015;72(10):736-44.

203.Lemarchand C, Tual S, Levéque-Morlais N, et al. Cancer
incidence in the AGRICAN cohort study (2005-2011). Ca epi
2017;49(1):175-85.

204.Meyer T E, Coker A L, Sanderson M, et al. A case-control study of
farming and prostate cancer in African-American and Caucasian
men. Occup Environ Med 2007;64(3):155-60.

205. Fritschi L, Glass D C, Tabrizi J S, et al. Occupational risk factors
for prostate cancer and benign prostatic hyperplasia: a case-control
study in Western Australia. Occup Environ Med 2007;64(1):60-5.

206. Richter C A, Taylor J A, Ruhlen R L, et al. Estradiol and Bisphenol
A stimulate androgen receptor and estrogen receptor gene
expression in fetal mouse prostate mesenchyme cells. Environ
Health Perspect 2007;115(6):902-8.

207.Prins G S, Ye S H, Birch L, et al. Prostate Cancer Risk and DNA
Methylation Signatures in Aging Rats following Developmental
BPA Exposure: A Dose-Response Analysis. Environ Health
Perspect 2017;125(7):1-12.

208.Lam H M, Ho S M, Chen J, et al. Bisphenol A Disrupts HNF4a-
Regulated Gene Networks Linking to Prostate Preneoplasia and
Immune Disruption in Noble Rats. Endocr 2016;157(1):207-19.

209.Moore R W, Fritz W A, Schneider A J, et al
2,3,7,8-Tetrachlorodibenzo-p-dioxin has both pro-carcinogenic
and anti-carcinogenic effects on neuroendocrine prostate
carcinoma formation in TRAMP mice. Toxicol Appl Pharmacol
2016;305(1):242-9.

2985



Endocrine Disruptors, Adipose Tissue, and Obesity-Related Cancer

210. Buiay J, Kossai M, Damon-Soubeyrant C, et al. Persistent organic
pollutants promote aggressiveness in prostate cancer. Oncogene
2023;1(1):1-11

211. Tran C, Richmond O, Aaron L, et al. Inhibition of constitutive
aryl hydrocarbon receptor (AhR) signaling attenuates androgen
independent signaling and growth in (C4-2) prostate cancer cells.
Biochem Pharmacol 2013;85(6):753-62.

212.Kim J H, Kim S H, Oh Y S, et al. In vitro effects of phthalate esters
in human myometrial and leiomyoma cells and increased urinary
level of phthalate metabolite in women with uterine leiomyoma.
Fert ster 2017;107(4):1061-9.

213.Sobarzo C M, Lustig L, Ponzio R, et al. Effect of di-(2-ethylhexyl)
phthalate on N-cadherin and catenin protein expression in rat
testis. Repro toxic 2006;22(1):77-86.

214.Xia B, Wang Y, Wang X, et al. In utero and lactational exposure
of DEHP increases the susceptibility of prostate carcinogenesis
in male offspring through PSCA hypomethylation. Toxicol Lett
2018;292(1):78-84.

215.Nelles J L, Hu WY, Prins G S. Estrogen action and prostate cancer.
Ex rev endo meta 2011;6(3):437-51.

216.Harkonen P L, Mékeld S 1. Role of estrogens in development of
prostate cancer. J ster bioch mole bio 2004;92(4):297-305.

217.Margel D, Fleshner N E. Oral contraceptive use is associated with
prostate cancer: an ecological study. BMJ open 2011;1(2):1-6.

218.Habib C N, Al-Abd A M, Tolba M F, et al. Leptin influences
estrogen metabolism and accelerates prostate cell proliferation.
Life Sci 2015;121(1):10-5.

219.Dobbs R W, Malhotra N R, Greenwald D T, et al. Estrogens and
prostate cancer. Pro ca pros dis 2019;22(2):185-94.

220.Qin L Q, Wang P Y, Kaneko T, et al. Estrogen: one of the risk
factors in milk for prostate cancer. Med hypo 2004;62(1):133-42.

221.Chuang S C, Chen H C, Sun C W, et al. Phthalate exposure and
prostate cancer in a population-based nested case-control study.
Environ Res 2020;181(1):1-8.

222.Wang Y C, Chen H S, Long C Y, et al. Possible mechanism
of phthalates-induced tumorigenesis. Kaohsiung J Med Sci
2012;28(1):22-27.

223.Kortenkamp A. Ten years of mixing cocktails: a review of
combination effects of endocrine-disrupting chemicals. Envir hea
per 2007;115(1):98-105.

224.Préau L, Fini J B, Morvan-Dubois G, et al. Thyroid hormone
signaling during early neurogenesis and its significance as a
vulnerable window for endocrine disruption. Biochimica et
biophysica acta 2015;1849(2):112-21.

225.Siegel R L, Miller K D, Fuchs H E, et al. Cancer Statistics, 2021.
CA 2021;71(1):7-33.

226.Camargo R Y, Tomimori E K, Neves S C, et al. Thyroid and the
environment: exposure to excessive nutritional iodine increases
the prevalence of thyroid disorders in Sao Paulo, Brazil. Eur j
endo 2008;159(3):293-9.

227.Kachuri L, Harris M A, MacLeod J S, et al. Cancer risks in a
population-based study of 70,570 agricultural workers: results
from the Canadian census health and Environment cohort
(CanCHEC). BMC Cancer 2017;17(1):1-15.

228. Wingren G B, Axelson O. Occupational and Environmental
Determinants for Benign Thyroid Disease and Follicular Thyroid
Cancer. Int j occup env hea 1997;3(2):89-94.

229.Zoeller T R, Dowling A L, Herzig C T, et al. Thyroid hormone,
brain development, and the environment. Environ Health Perspect
2002;110(1):355-61.

230. National Institute of Environmental Health Sciences. Endocrine
Disruptors and Your Health [internet]. 2023 [Accessed on July 12,
2023].

231.Jugan M L, Levi Y, Blondeau J P. Endocrine disruptors and thyroid
hormone physiology. Biochem Pharmacol 2010;79(7):939-47.

2986

232.Tang Z, Zhang J, Zhou Q, et al. Thyroid Cancer "Epidemic":
A Socio-Environmental Health Problem Needs Collaborative
Efforts. Environ Sci Technol 2020;54(7):3725-7.

233.Mughal B B, Demeneix B A. Endocrine disruptors: Flame
retardants and increased risk of thyroid cancer. Nat rev Endo
2017;13(11):627-8.

234.Wang Y, Wang X, Sui S, et al. Endocrine disrupting and
carcinogenic effects of decabromodiphenyl ether. Front endo
2023;14(1):1-8.

235.Hoffman K, Lorenzo A, Butt C M, et al. Exposure to flame retardant
chemicals and occurrence and severity of papillary thyroid cancer:
A case-control study. Environ Int 2017;107(1):235-42.

236.Pohl H R, Odin M, McClure PR, et al. Toxicological profile for
polybrominated diphenyl ethers (PBDEs). Ag Tox 2017;1(1):1-11

237.Kodavanti P R, Coburn C G, Moser V C, et al. Developmental
exposure to a commercial PBDE mixture, DE-71: neurobehavioral,
hormonal, and reproductive effects. Toxic sci 2010;116(1):297—
312.

238.Scholz S, Renner P, Belanger S E, et al. Alternatives to in vivo
tests to detect endocrine disrupting chemicals (EDCs) in fish
and amphibians--screening for estrogen, androgen and thyroid
hormone disruption. Crit Rev Toxicol 2013;43(1):45-72.

239. Delbes G, Blazquez M, Fernandino J I, et al. Effects of endocrine
disrupting chemicals on gonad development: Mechanistic insights
from fish and mammals. Environ Res 2022;204(1):1-24.

240.Liu M, Li A, Meng L, et al. Exposure to Novel Brominated Flame
Retardants and Organophosphate Esters and Associations with
Thyroid Cancer Risk: A Case-Control Study in Eastern China.
Environ Sci Technol 2022;56(24):17825-35.

241.Mousavi A, Salamat N, Safahieh A. Phenanthrene disrupting
effects on the thyroid system of Arabian seabream, Acanthopagrus
arabicus: In situ and in vivo study. Comparative biochemistry and
physiology. Tox pharma 2022;252(1):1-11

242.Lee D H. Evidence of the Possible Harm of Endocrine-Disrupting
Chemicals in Humans: Ongoing Debates and Key Issues. Endo
meta 2018;33(1):44-52.

243.LiuB, ChenY, Li S, et al. Relationship between urinary metabolites
of polycyclic aromatic hydrocarbons and risk of papillary thyroid
carcinoma and nodular goiter: A case-control study in non-
occupational populations. Envir poll 2021;269(1):1-12.

244.Schonfelder G, Friedrich K, Paul M, et al. Developmental effects
of prenatal exposure to bisphenol a on the uterus of rat offspring.
Neoplasia 2004;6(5):584-94.

245. Ibhazehiebo K, Iwasaki T, Okano-Uchida T, et al. Suppression of
thyroid hormone receptor-mediated transcription and disruption
of thyroid hormone-induced cerebellar morphogenesis by the
polybrominated biphenyl mixture, BP-6. Neuroto 2011;32(4):400-9.

246.Huang H, Sjodin A, Chen Y, et al. Polybrominated Diphenyl
Ethers, Polybrominated Biphenyls, and Risk of Papillary
Thyroid Cancer: A Nested Case-Control Study. Am J Epidemiol
2020;189(2):120-32.

247.Marotta V, Russo G, Gambardella C, et al. Human exposure to
bisphenol AF and diethylhexylphthalate increases susceptibility
to develop differentiated thyroid cancer in patients with thyroid
nodules. Chemosphere 2019;218(1):885-94.

248. Yang Q, Ciebiera M, Bariani M V, et al. Comprehensive Review
of Uterine Fibroids: Developmental Origin, Pathogenesis, and
Treatment. Endocr Rev 2022;43(4):678-719.

249.Bulun S E. Uterine fibroids. NEJM 2013;369(14):1344-55.

250.Bariani M V, Rangaswamy R, Siblini H, et al. The role of
endocrine-disrupting chemicals in uterine fibroid pathogenesis.
Cur op endo dia ob 2020;27(6):380-7.

251. Woodruff T J, Zota A R, Schwartz J M. Environmental chemicals
in pregnant women in the United States: NHANES 2003-2004.
Environ Health Perspect 2011;119(6):878-85.



Bahrain Medical Bulletin, Vol. 48, No. 1, March 2026

252.Katz T A, Yang Q, Trevifio L S, et al. Endocrine-disrupting
chemicals and uterine fibroids. Fert ster 2016;106(4):967-77.

253.La Merrill M A, Vandenberg L N, Smith M T, et al. Consensus
on the key characteristics of endocrine-disrupting chemicals as a
basis for hazard identification. Nat rev Endo 2020;16(1):45-57.

254. Toporova L, Balaguer P. Nuclear receptors are the major
targets of endocrine disrupting chemicals. Mol Cell Endocrinol
2020;502(1):1-10.

255.Howdeshell K L, Rider C V, Wilson V S, et al. Mechanisms of
action of phthalate esters, individually and in combination, to
induce abnormal reproductive development in male laboratory
rats. Environ Res 2008;108(2):168-76.

256.Peretz J, Vrooman L, Ricke W A, et al. Bisphenol a and
reproductive health: update of experimental and human evidence,
2007-2013. Environ Health Perspect 2014;122(8):775-86.

257.Hauser R, Gaskins A J, Souter I, et al. Urinary Phthalate Metabolite
Concentrations and Reproductive Outcomes among Women
Undergoing in Vitro Fertilization: Results from the EARTH Study.
Environ Health Perspect 2016;124(6):831-9.

258.Kim J H. Analysis of the in vitro effects of di-(2-ethylhexyl)
phthalate exposure on human uterine leiomyoma cells. Exp ther
med 2018;15(6):4972-8.

259.Li Z, Lu Q, Ding B, et al. Bisphenol A promotes the proliferation
of leiomyoma cells by GPR30-EGFR signaling pathway. J obs
gyn res 2019;45(7):1277-85.

260.Yu L, Das P, Vall A J, et al. Bisphenol A induces human uterine
leiomyoma cell proliferation through membrane-associated
ER0a36 via nongenomic signaling pathways. Mol Cell Endocrinol
2019;484(1):59-68.

261.Chen M, Guo J, Ruan J, et al. Neonatal exposure to environment-
relevant levels of tributyltin leads to uterine dysplasia in rats. Sci
tot env 2020;720(1):1-7.

262.Lee ], Jeong Y, Mok S, et al. Associations of exposure to phthalates
and environmental phenols with gynecological disorders. Repr
toxic 2020;95(1):19-28.

263.Kendziorski J A. Characterization of Endocrine Disrupting Effects
of Bisphenol A or 17a-Ethinyl Estradiol in Mouse Uterus. Uni
Chic 2015; 1(1):1-12.

264.Kendig E L, Buesing D R, Christie S M, et al. Estrogen-like
disruptive effects of dietary exposure to bisphenol A or 17a-ethinyl
estradiol in CD1 mice. Int J Toxicol 2012;31(6):537-50.

265.Leung Y K, Biesiada J, Govindarajah V, et al. Low-Dose Bisphenol
A in a Rat Model of Endometrial Cancer: A CLARITY-BPA Study.
Environ Health Perspect 2020;128(12):1-12.

266.Chen Y, Huang Q, Chen Q, et al. The inflammation and estrogen
metabolism impacts of polychlorinated biphenyls on endometrial
cancer cells. Toxic vitr 2015;29(2):308-13.

267. Moffat I D, Boutros P C, Chen H, et al. Aryl hydrocarbon receptor
(AHR)-regulated transcriptomic changes in rats sensitive or
resistant to major dioxin toxicities. BMC Genomics 2010;11(1):1—
16.

268.0Ohtake F, Takeyama K, Matsumoto T, et al. Modulation of
oestrogen receptor signalling by association with the activated
dioxin receptor. Nature 2003;423(6939):545-50.

269.Morgan M, Deoraj A, Felty Q, et al. Association between exposure
to estrogenic endocrine disruptors-polychlorinated biphenyls,
phthalates, and bisphenol Journal ofJournal of Carcino Mutage
2016;7(6):1-14.

270. Hammarstrand S, Jakobsson K, Andersson E, et al. Perfluoroalkyl
substances (PFAS) in drinking water and risk for polycystic
ovarian syndrome, uterine leiomyoma, and endometriosis: A
Swedish cohort study. Environ Int 2021;157(1):1-8.

271.Mitro S D, Sundaram R, Buck Louis G M, et al. Associations of
Pregnancy Per- and Polyfluoroalkyl Substance Concentrations
and Uterine Fibroid Changes across Pregnancy: NICHD Fetal
Growth Studies - Singletons Cohort. Environ Health Perspect
2023;131(5):1-9.

272.Eskenazi B, Warner M, Samuels S, et al. Serum dioxin
concentrations and risk of uterine leiomyoma in the Seveso
Women's Health Study. Am J Epidemiol 2007;166(1):79-87.

273.Ghassabian A, Trasande L. Disruption in Thyroid Signaling
Pathway: A Mechanism for the Effect of Endocrine-Disrupting
Chemicals on Child Neurodevelopment. Front endo 2018;9(1):1—
8.

2987



	Title
	INTRODUCTION
	2. ENDOCRINE-DISRUPTING CHEMICALS
	3. ENDOCRINE DISRUPTING CHEMICALS AND ADIPOSE TISSUE AND OBESITY
	CONCLUSION
	REFERENCE

