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Abstract. Xenoestrogens are chemicals that mimic natural estrogens and disrupt hormonal
balance, posing health risks such as endocrine disruption and cancer. Recent studies have
demonstrated the widespread presence of xenoestrogens in various environmental matrices,
encompassing not only pesticides and industrial chemicals but also water, soil, air, and
consumer products. Exposure during critical periods such as fetal development and puberty is
of particular concern. Increased awareness of the effects of xenoestrogens on hormonal and
reproductive health is essential to address their potential long-term health impacts. The
presented paper discusses the principal sources of xenoestrogens, elucidating the endocrine
mechanisms they activate, and delineating the potential risks associated with neoplastic
development.

Key words: xenoestrogens, endocrine disruptors, reproductive health, hormonal homeostasis
Materials and methods: To obtain up-to-date information on trends in xenoestrogens, PubMed
and Google Scholar databases, along with the latest legislative reports in Europe and Poland,
were reviewed.

Aim of the study: This study aimed to explore current research on the mechanisms, health
impacts, environmental implications, and potential neoplastic threats related to xenoestrogens
across diverse ecosystems, with a specific emphasis on their effects on human health and well-
being.

1. Introduction
Xenoestrogens, also known as Endocrine Disrupting Compounds (EDCs), are
environmental hormones that resemble the activity of estrogen. Some are of natural origin,
whereas others can be industrially produced. They possess the capacity to associate with
intracellular estrogen receptors, thereby exerting estrogenic effects on the respective organism.
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It is presumed that when an organism is exposed to xenoestrogens, it may develop negative
aftermaths, such as disorders of the endocrine and reproductive systems, as well as neoplastic
changes. Nevertheless, they can also be useful as inhibitory factors for some cancer-related
ailments. Thus it is valid to say that these substances are clinically significant.

EDCs are a wide group of chemicals that can behave similarly to natural and synthetic
estrogens. Although they have been present for a long time in the natural environment, they
have been massively introduced into the global industry in recent years. Found in many
commodities of ordinary use, they can be recognized in different species of plants
(phytoestrogens), fungi (mycoestrogens), and types of metals (metalloestrogens), as well as in
cosmetics, pharmaceuticals, and many more artificial products (e.g., bisphenol A (BPA)). As
previously mentioned, not all of them have detrimental effects on living organisms (Wang et
al., 2021; Wang et al., 2021).

2. Examples of xenoestrogens and their sources
Presently, there is an escalation in the environmental impact of xenoestrogens. There have been
many reports on its presence in rivers, food containers, and cosmetics. Therefore, awareness of
the clinical impact and knowledge of how to avoid contact with them should be raised. In this
section, we focus on the sources of exemplary xenoestrogens, which come in many different

forms ( Figures 1 and 2).
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Figure 1. Types of Xenoestrogens and Their Sources
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Figure 2. Main Sources of Human Exposure to Xenoestrogens

2.1 Plants

Phytoestrogens are xenoestrogens found in plants, with isoflavones being prominent
examples. The most important of these are genistein (GEN), daidzein (DAI), and glycitein
(Ktizova et al., 2019). As shown in Table 1, many xenoestrogens are of natural origin.

Isoflavones can be found in many plants, such as red clover and alfalfa, as well as in
food vegetables, such as soybean and other legumes (K#izova et al., 2019). Numerous studies
have focused on the potential utility of xenoestrogens given their efficacy in disease prevention
and therapy across various ailments. Nevertheless, there are still some concerns regarding the
results of their application, as some side effects have been observed (Wang et al., 2021).

Vegetables are also a source of metals that can be classified as metalloestrogens. This
is particularly true for heavy metals, such as arsenic (As), cadmium (Cd), and mercury (Hg)
(Table 1).

Table 1. Natural Xenoestrogens: Biological Activities and Sources



Natural Class and o
Activities Sources
Xenoestrogens examples
Lignans, e.g.
Lariciresinol Cardioprotective, | gerries; seeds, grains,
M_atalres_lnol Reduced risk of breast quts, fruits and
Pinoresinol cancer cruciferous vegetables
Secoisolariciresinol
Flavonoids
(main class of Neuroprotective,
PhyEs), Red clover, dyer's
e.g. Protective role in broom, lucerne,
colorectal, prostate sohphlang flax,
Genistein, cancer, soybean and legumes,
Daidzein, cauliflower or
Puerarin, Protective in AD and broccoli
Phytoestrogens Genistin, PD
(PhyEs) Glycitein
Chalcones
e.g. Increased breast cancer Liquorice
risk (Glycyrrhiza glabra)
Isoliquiritigenin
Activate Era or ERp in
Other structure breast cancer cells, Mango fruit,
€.9. . Olive oil
Anti-inflammatory,
Mangiferin,
Norathyniol, Antiproliferative,
Oleocanthal
Neuroprotective
Cause of many systemic
. disruptions, e.g.
Metalloestrogen Arsef"c (As), gestational diabetes Some vegetables
S Cadmium (Cd), mellitus
Mercury (Hg) :
Ability to bioaccumulate
Decreased fertility,
Negatively effects on Contaminant in corn,
. oats, wheat, rice
Mycoestrogens Zearalenone male reproductive
(produced by
system, : ?
Fusarium species)
False pregnancy

2.2 Food and packaging
Of the many synthetic xenoestrogens presented in Table 2, one of the most well-known
is bisphenol A. BPA has long been used in the industry, primarily in metal can coatings, plastic

bottles, and thermal paper (Zbucka-Kretowska et al., 2018). Recent studies have highlighted its
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toxicity, revealing its ability to disrupt the endocrine system and migrate from packaging to
food (Tumu et al., 2023). BPA is also linked to the development of hormone-related cancers
(Komarowska et al., 2022).

Another group of xenoestrogens is phthalates, which are widely used as plasticizers
owing to their softening effects. They can permeate food, water, and other products that are
applicable to the human body. Nevertheless, they have been found in food contact materials
(FCM), medical devices, and some personal care products (Kiwitt-Cardenas et al., 2021). Even
toys for infants when sucked can be a source of these xenoestrogens (U.S. Environmental
Protection Agency et al., 2017). Some bisphenols, phthalates, and their analogs are considered
dangerous. To mitigate the risk of adverse human health effects, various global regulations have
been implemented that impose limits on the concentration of bisphenols for application in FCM
(Paterni et al., 2017).

2.3 Cosmetics

Compounds utilized in cosmetics, such as parabens, exhibit estrogenic characteristics.
They are frequently integrated into makeup and personal care items, including sunscreens,
deodorants, and toothpaste. Owing to their application in diverse regions of the human body,
they have the potential to permeate the skin, accumulate, and cause endocrine disruption.
Cosmetics are often spread around the breasts and underarms, so there are some conjectures
that parabens may influence the development of breast cancer. Considering their potential
involvement in activating estrogen receptor a, such a hypothesis appears plausible (Dairkee et
al., 2023).

2.4 Environmental pollutants (pesticides and insecticides)

Pesticides are chemicals designed to eliminate pests. However, some are biologically
potent and can bioaccumulate. They can also contaminate crops consumed by humans (Pathak
et al., 2022). The representatives of this group are OCPs - organochlorine pesticides, which
have the ability to bind to estrogen receptors (Kumar et al., 2022). In the case of insecticides,
the example is set by OPs - organophosphates. Although their use is associated with an
increased risk of breast cancer, they are still one of the most frequently used insecticides. Not
only the unconscious consumption of these EDCs is a serious concern - there is some proof that
persistent exposure during work in the agriculture
sector might lead to the development of different diseases such as non-Hodgkin lymphoma or

hormone-related cancers (Table 2) (Yang et al., 2020).

Table 2. Synthetic Xenoestrogens: Biological Activities and Sources
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Synthetic
Xenoestrogens

Activities

Sources

Bisphenol A

Alteration endocrine system

Associated with hormone-related
cancers

Increases intracellular levels of ROS

Changes in the expression of histone-
modifying enzymes

Increases sperm DNA fragmentation
index

Changes in genes associated with
metabolic and reproductive processes

Associated with miscarriages

Found in personal care
products,
pharmaceuticals, metal
can coatings, plastic
bottles, thermal paper,
and as contaminants in
foodstuff, fruits and
vegetables.

Phtalates

Changes in genes associated with
metabolic and reproductive processes

Associated with males’ infertility

Negatively affects pregnancy and
development

Used as plasticizers.
Found in food contact
materials, medical
devices, personal care
products, toys, and as
contaminants in
foodstuff, fruits and
vegetables.

Parabens

Estrogenic activity
Ability to accumulate

Associated with hormone-related
cancers (e.g. breast cancer)

Personal care products

Organochlorine
pesticides

Ability to accumulate
Estrogenic activity

Associated with hormone-related

Used as pesticides.
Found in fruits and

cancers vegetables.
Negatively affects pregnancy and
development
Organophosphates PSRRI A ACITTOnE Telkifae Used as insecticides.

cancer (e.g. breast cancer)

3. Interactions with estrogen receptors

Owing to their chemical structure, xenoestrogens can affect natural estrogen receptors,
and by binding to them, they might act as agonists, antagonists, or modulators of estrogen

receptors (Wang et al., 2021). It has been proven that these substances show affinity not only
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to these receptors but also to progesterone, androgen, thyroid and corticosteroid receptors. The
effects on the receptors may be both direct and indirect. An example of their indirect action is
the blockade of thyroid receptors, which are connected to estrogen receptors. Through an
uncertain mechanism, they affect them and can cause various effects (Waring et al., 2005).

There are two types of estrogen receptors. We differ in ERa and ERp, both of which
belong to the type of nuclear receptors called steroid hormone receptors. (Mal et al., 2020). One
of the main differences between them is their distribution in the tissues. ERa. is expressed in the
mammary gland, ovary, uterus, testes, epididymis, prostate, bone, adipose tissue, and the liver.
Meanwhile, ER is located in the ovaries, testes, prostate gland, bladder, and lungs (Heldring
et al., 2007). Both ERa and ERp also appear in the central nervous and cardiovascular systems
(Debska et al., 2010). Likewise, the function is the aspect that distinguishes these two subtypes
of estrogen receptors. While the alpha subtype primarily affects the uterus and mammary
glands, playing a role in metabolic regulation and maintaining skeletal homeostasis, ERp is
involved in regulating programmed cell death, modulating antioxidant gene expression,
adjusting immune responses, influencing the risk of heart failure, and modulating anxiety-
driven behavior (Koehler et al., 2005). It is also worth mentioning that ERa supports cell
proliferation, while subtype  has an opposing effect (Heldring et al., 2007). Even though they
have some differences, both subtypes of estrogen receptors participate in the formation
and function of the ovaries, as well as preservation of the cardiovascular system (Heldring et
al., 2007; Debska et al., 2010).

Estrogens typically exert their steroidal influence on target tissues through two cellular
pathways: via the nucleus and plasma membrane. In the nuclear mechanism, estrogen
compounds can bind as ligands to both subtypes of estrogen receptors, causing their
translocation to the nucleus. Inside the nucleus, the estrogen — receptor complex binds to
specific transcription elements, defined as estrogen response elements (ERE), initiating the
transcription of target genes (Heldring et al., 2007). The proteins encoded by these genes
participate in cell survival, proliferation, and tumor growth (Dg¢bska et al., 2010).

Among the most crucial compounds facilitated by the activation of these receptors are
insulin-like growth factor receptor 1, cyclin D1, anti-apoptotic protein BCL-2, vascular
endothelial growth factor, HER and its ligands, transforming growth factor alpha (TGF-a), and
amphiregulin (D¢bska et al., 2010). The second pathway is the membrane-mediated pathway,
which is independent of the cell nucleus. A small fraction of estrogen receptors are located near
the cytoplasmic membrane. The interaction between the ligand and membrane-bound ER or G-
protein-coupled E2 receptors triggers the activation of a signaling cascade. This cascade affects

cell metabolism through secondary messengers (Wnuk et al., 2023).
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4. Endocrine mechanisms and their effects on hormonal homeostasis.

Xenoestrogens not only affect various receptors but also disrupt hormonal homeostasis
at multiple levels. Despite their similarity to endogenous estrogens, these endocrine disruptors
can do more than mimic natural hormones. They may counteract natural hormones, interfere
with hormone synthesis, metabolism, and transport, and disrupt hormone receptor formation
(Maniradhan et al., 2023).

Cholesterol is the precursor of steroid hormones, such as estrogens, which are
synthesized through modifications involving cytochrome P450 isoforms. Recent studies have
shown that xenoestrogens influence steroid production by modulating the cytochrome activity.
Estrogens and their precursor, dehydroepiandrosterone (DHEA), are transported in the
bloodstream as sulfate esters, which prevent cell entry until hydrolysis by sulfatases.
Xenoestrogens can alter estrogen availability by interfering with sulfation or desulfation
enzymes, potentially increasing or decreasing the estrogen levels, respectively. Additionally,
xenoestrogens may disrupt estrogen inactivation through sulfation, thereby increasing the level
of active endogenous estrogens. They also negatively affect the neuroendocrine system by
affecting the thyroid gland. It has been shown that these substances not only obstruct the
attachment of thyroxine to thyroxine-binding globulin (TBG), but they can also bind to the
thyroid receptor due to their structural similarity to thyroid hormones. The outcomes arising
from the mechanisms of action of xenoestrogens outlined above disrupt endocrine homeostasis,
leading to obesity, fatty liver disease, insulin resistance, polycystic ovary syndrome (PCOS),
neurotoxicity, and carcinogenesis in certain hormone-sensitive tissues, etc. (Waring et al., 2005;
Maniradhan et al., 2023).

5. Genotoxic and epigenetic effects

Xenoestrogens influence gene expression by exerting genotoxic or epigenetic effects.
The genotoxic effects of estrogenic compounds are primarily caused by chromosomal
aberrations or DNA damage (Amir et al., 2021).

5.1 Chromosomal aberration

Chromosomal aberrations are among the most dangerous cellular changes. Among
them, we distinguished chromosomal aneuploidies, which signify any changes in the structure
or number of chromosomes. Endogenous estrogens play an important role during meiosis
because of their influence on chromosomal segregation and microtubule assembly.
Xenoestrogens interfere with the estrogenic pathway, causing defects in chromosome synapsis

during meiosis. Additionally, they interfere with the mechanisms responsible for repairing
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double-stranded breaks during cellular division (Allard et al., 2010). All these factors have an
impact on the reproductive system and lead to the formation of faulty gametes with
chromosomal aneuploidies, often resulting in infertility and miscarriages as well as
developmental defects and sterility in newborns (Hodes-Wertz et al., 2012).
5.2 DNA damage

Estrogens play a crucial role in shielding cells from oxidative stress by inhibiting their
production, thereby preventing DNA damage. Xenoestrogens oppose this function of estrogens,
thereby increasing the susceptibility of cells to DNA impairment (Amir et al., 2021). It has been
proven that BPA increases intracellular levels of reactive oxygen species (ROS), and through
this mechanism, causes damage to DNA. Sperm cells are particularly prone to DNA damage;
therefore, xenoestrogens can lead to deterioration of semen quality and induce developmental
abnormalities in offspring conceived by malfunctioning sperm (Chauhan et al., 2023).

5.3 Epigenetic effect

Xenoestrogens can also affect organisms by altering gene expression and function,
without permanently changing the DNA sequence. These modifications are referred to as
epigenetic alterations, serving as mediators between the environment and genes. The most
important epigenetic modifications include methylation, histone modification, and non-coding
RNAs. These changes appear to be heritable and can exert both positive and negative effects
on the offspring (Manikkam et al., 2013).

5.4 Histone modifications

The most common histone modifications include ubiquitination, acetylation,
phosphorylation, and methylation (Alaskhar Alhamwe et al., 2018). Estrogenic compounds can
disrupt the histone code by inducing these modifications, leading to abnormal gene expression.
For instance, women exposed to BPA showed altered expression of histone-modifying
enzymes, potentially contributing to ovarian dysfunction (Rutkowska et al., 2014).

5.5 Methylation

Methylation is a key epigenetic mechanism involved in DNA regulation, where methyl
groups attach to nucleotide bases, primarily cytosine. During lifetime, due to specific
conditions, DNA methylation patterns can change, leading to the establishment of specialized
methylation patterns in cells that regulate the transcription of tissue-specific genes (Kiselev et
al., 2022).

Xenoestrogens are known for exerting influence on the methylation pattern in animals.
By altering the methylation signature, they contribute to the development of heritable disorders
(Dumasia et al., 2017). Many estrogenic compounds affect the expression of methyltransferase

enzymes, and as a result can cause either hypermethylation or hypomethylation in various
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tissues (Sklias et al., 2021). Alterations in the methylation pattern can not only have a negative
impact on the female and male reproductive systems but also on other systems of the organism
(Amir et al., 2021; Dumasia et al., 2017). These chemicals exert a detrimental influence on
adipogenesis and embryonic development, among other processes, by interfering with the
conversion of androgen to estrogen in gonads (Bjune et al., 2022).

5.6 Micro RNAs damage

MicroRNAs (miRNAs) are a group of non-coding, single-stranded RNAs. This type of
RNA has a wide variety of functions and affects genes at the post-transcriptional level, cell
cycle regulation, cell specialization, stress response, programmed cell death, inflammation, and
MRNA firmness disruption (Budakoti et al., 2021).

Recently, it was suggested that miRNAs play a significant role in ontogenesis, as an
altered miRNA profile may cause defects in the development of the genital system in both
sexes. Due to their similar chemical structure to endogenous estrogens, xenoestrogens affect
both miRNA expression and activity. These chemicals can suppress and/or increase the
expression of various miRNAs. By altering miRNA expression, xenoestrogens lead to impaired
spermatogenesis, infertility, and a higher susceptibility to the toxic effects of harmful agents in

human placental cells, etc. (Avissar-Whiting et al., 2010; Sabry et al., 2019).

6. The influence of xenoestrogens on reproductive health and recent Research in this
field

Owing to their structural resemblance to estrogens, xenoestrogens can affect the
reproductive system of both males and females. Moreover, they can accumulate in the placenta
and disrupt fetal development, thereby influencing their subsequent health (Avissar-Whiting et
al.,, 2010). Xenoestrogens known to affect reproductive health include BPA, OCPs,
polychlorinated biphenyls (PCBs), perfluoroalkylated substances (PFAS), and phthalate esters
(PEs) (Table 2) (Manikkam et al., 2013; Rutkowska et al., 2014; Winstanley et al., 2024;
Iribarne-Durén et al., 2024).

6.1 The influence of xenoestrogens on males’ reproductive health

In men, xenoestrogens may lead to decreased fertility; however, the literature does not
conclusively confirm their negative impact on fertility (Toppari et al., 1996). In a study
conducted by Rozati et al., the levels of xenoestrogens (PCBs and PES) in the semen of fertile
and infertile men were compared. PCBs were not detected in fertile men, but were present in
infertile men. Additionally, infertile men exhibited significantly higher concentrations of PEs
in their sperms. Elevated levels of xenoestrogens in infertile patients correlated with

significantly reduced semen parameters (decreased ejaculate volume, sperm count, rapid and
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total progressive motility, normal morphology, vitality, sperm osmoregulatory capacity, nuclear
chromatin decondensation, and sperm nuclear chromatin integrity) (Rozati et al., 2002). Recent
research by Kiwitt-Cardenas et al. (2021) also identified a probable association between high
BPA concentrations in urine and a significantly increased sperm DNA fragmentation index
(SDF) (Kiwitt-Cardenas et al., 2021). This suggests that xenoestrogens may be one of the causes
of reduced sperm quality and the consequent infertility (Table 2).

In male individuals exposed to xenoestrogens during fetal life, disruptions in the
differentiation and development of reproductive organs as well as sexual behavior disorders in
adult life may occur (Chauhan et al., 2023; Manikkam et al., 2013). Studies on rats have shown
that fetal exposure to BPA, diethylhexyl phthalate (DEHP), and dibutyl phthalate (DBP)
resulted in changes in genes associated with metabolic and reproductive processes, including
genes regulating male sexual behaviors (Manikkam et al., 2013). Additionally, data suggest that
rats perinatally exposed to butylbenzyl phthalate had reduced testicular size and decreased daily
sperm production (Toppari et al., 1996).

6.2 The influence of xenoestrogens on females' reproductive health

Xenoestrogens can affect the reproductive health of pregnant women. Studies have
shown that, similar to men, exposure of the female fetus to xenoestrogens can influence the
differentiation of reproductive organs. Research on mice has revealed the impact of
diethylstilbestrol (DES) on the expression of HOX genes responsible for the development of
the Mullerian duct into reproductive organs. Mice exposed to DES during fetal life exhibited
mutations in HOXAL10 or HOXAL1 genes, leading to uterine factor infertility (Taylor et al.,
2008).

In addition to influencing the development of the reproductive systems of male and
female fetuses, xenoestrogens may interfere with other organ systems in the developing fetuses.
Studies have documented the passage of xenoestrogens from the maternal blood to fetal tissues,
such as adipose tissue, liver, heart, lung, and brain, as well as their accumulation in the placenta.
This may have further health consequences on the offspring and may be associated with
miscarriages (Iribarne-Duran et al., 2024).

In women with a history of miscarriage, significantly higher levels of BPA are detected
in the blood compared to women who have not experienced miscarriage. Furthermore, in some
women with elevated BPA levels in the blood, neutrophil extracellular traps (NETSs) and
proinflammatory proteins (MCP-1, TNF-a, NOX1, and NCF2) are also present. This suggests
that BPA may participate in the pathogenesis of miscarriage by promoting NET formation
(Omeljaniuk et al., 2022). BPA may also adversely affect pregnancy outcomes by acting on the

endocannabinoid system (Zbucka-Kretowska et al., 2018).
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7. The mechanisms and impact of xenoestrogens on hormone-dependent tumors and
recent research in this field

Xenoestrogens can influence the initiation and progression of various tumors — both
classical hormone-dependent tumors and non-classical hormone-dependent tumors. This can be
achieved through various mechanisms. One of them is binding to human sex hormone-binding
globulin (RSHBG) and modulating the bioavailability of endogenous estrogens. By binding to
hSHBG, endogenous testosterone and estradiol (E2) are displaced from their binding sites,
increasing the levels of the free forms of these hormones in the blood. In addition, hSHBG can
transport xenoestrogens to target tissues and cells. Studies have also demonstrated that
xenoestrogens can stimulate steroidogenesis by enhancing aromatase expression, resulting in
elevated E2 levels (Wang et al., 2021).

E2 activates ERa, which plays a significant role in the regulation of hormone-dependent
tumors (Wang et al., 2021). Activation of ER-related signaling pathways is closely associated
with the progression of many tumors, as it is linked to the regulation of downstream genes.
Activation of ERa has been shown to have a pro-carcinogenic effect, whereas activation of ER3
is associated with an anti-carcinogenic effect (Song et al., 2022). Most xenoestrogens, including
polybrominated diphenyl ether (PBDE) congeners, act as agonists of both ERa and ERS,
influencing cell proliferation, apoptosis, and migration (Arowolo et al., 2022). However,
phytoestrogens, such as GEN, DAI, and coumestrol (COU), have a significantly greater affinity
for ERB, thus exhibiting anti-tumor effects (Wang et al., 2021).

Xenoestrogens can act on both healthy cells and tumor cells by generating reactive
oxygen species (ROS). Oxidative stress, generated in part by xenoestrogens, such as BPA, is
likely associated with estrogen-dependent breast cancer carcinogenesis. On the other hand,
oxidative stress is essential for combating tumor cells. For this reason, the phytoestrogen COU
Is considered a potential chemotherapeutic agent for breast cancer (Wang et al., 2021).

7.1 The impact of xenoestrogens on breast cancer development

Breast cancer is one of the tumors most strongly associated with estrogen. Given the
similarity between xenoestrogens and estrogens, several studies have been conducted on the
impact of xenoestrogens on breast cancer (Table 2).

A study conducted in rodents sought to establish a link between BPA exposure and the
development of breast cancer. The results suggest that BPA activates p53 and stimulates breast
cancer cell proliferation. Other studies have found that BPA inhibits the expression of tumor
suppressor genes. It has also been observed that BPA reduces the effectiveness of tamoxifen

(TAM), used in breast cancer therapy, by preventing TAM from binding to the estrogen-related
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receptor gamma (ERRy) (Wang et al., 2021). Moreover, another xenoestrogen, flavonoid-
genistein, has been found to reverse the therapeutic effects of TAM at low doses (Boszkiewicz
et al., 2020).

A study was conducted to examine the impact of reducing the use of personal care
products (PCPs) containing xenoestrogens (parabens and phthalates) on xenoestrogen levels in
breast tissue (Reduced xenoestrogens intervention, REDUXE). Participants excluded PCPs
containing xenoestrogens from their daily lives. The study results showed that REDUXE led to
reduced excretion of xenoestrogens and their metabolites, and contributed to a decrease in the
expression of pro-oncogenic genes present in breast tissue cells prior to the study (Dairkee et
al., 2023).

7.2 The impact of xenoestrogens on the development of other tumors

Xenoestrogens may also influence the development of tumors other than breast cancer
(Tables 1 and 2). A study conducted in patients with endometrial cancer demonstrated a positive
correlation between the total effective xenoestrogen burden in serum samples (TEXB) and the
risk of this cancer (Costas et al., 2024). Additionally, the ability of xenoestrogen benzophenone-
1 (BP-1) to induce proliferation and metastasis of ovarian cancer cells through the activation of
the ERa and Wnt/B-catenin signaling pathways has been observed. It has also been
demonstrated that patients with meningiomas and gliomas exhibit higher levels of free and
bound BPA than the healthy population. This suggests a connection between xenoestrogens and
these tumors (Liu et al., 2022).

8. Current state of research on the impact of xenoestrogens on health

Due to the significant prevalence of xenoestrogens in the environment and their
comprehensive impact on organisms, the area requiring research and widening of knowledge
regarding their impact on disease progression and treatment methods continues to expand.

The correlation between the progression of hormone-dependent breast cancer and the
effectiveness of chemotherapy depending on the concentration of xenoestrogens requires
further investigation. Current knowledge suggests that phytoestrogens found in food products
may reduce the effectiveness of standard therapies and promote disease progression. Clinical
studies and a more detailed analysis of the impact of patients' diets on therapeutic effectiveness
would enable the creation of dietary recommendations that enhance its efficacy (Boszkiewicz
et al., 2020). To effectively monitor and assess exposure levels to xenoestrogens in food, it is
essential to conduct precise analyses of the content of these compounds in the individual

ingredients. Additionally, ensuring compositional control of patient meals is crucial.
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Developing a reliable and validated method for exposure assessment is imperative for accurate
evaluation.

Studies on the impact of xenoestrogens other than phytoestrogens on hormone-
dependent breast cancer are needed. Their frequent presence in a patient's environment has been
observed, yet a wide variety of exposure levels exists. Statistical studies have indicated a
significant relationship between the presence of dichlorodiphenyltrichloroethane (DDT) in the
environment and breast cancer risk, particularly when exposure occurs before the age of 14
years (Cohn et al., 2019). Given the carcinogenic potential of metalloestrogens, pesticides, and
industrial chemicals, it is conceivable that they may adversely affect breast cancer treatment
outcomes (Boszkiewicz et al., 2020). Developing methods that enable reliable estimation of
exposure to this class of compounds presents a challenge. The prospect of enhancing the
response to breast cancer treatment introduces a new approach to disease management,
potentially increasing the likelihood of successful treatment.

The association between the incidence of male cancers and exposure to environmental
xenoestrogens has been documented. Studies have indicated a higher likelihood of testicular
dysfunction, a significant risk factor for testicular cancer, due to the influence of pesticides.
While the impact of pesticides on prostate cancer development has not been definitively
established, important studies have suggested implications (Kumar et al., 2022). Further
research in these areas is necessary to establish appropriate preventive recommendations for
men.

An area requiring further study regarding xenoestrogens is the male reproductive
system. In addition to cancer risks, excessive levels of estrogens may lead to defects such as
testicular maldescent or a decrease in the number of sperm cells in ejaculation. It is important
to accurately measure exposure to these contaminants, especially during fetal life, identify
hazardous doses, and assess their potential to cause adverse effects on the male reproductive
system. Developing rapid tests capable of detecting estrogenic structures in chemicals and
determining their degree of harmfulness is also essential (Toppari et al., 1996).

There is a correlation between the progression of colorectal cancer and exposure to
xenoestrogens like BPA, diethylstilbestrol which is influenced by the presence of a specific
type of receptor, G protein—coupled estrogen receptor 1 (GPER1) on colorectal cancer cells.
However, the exact role of these substances remains unclear and requires further investigation
(Buhler et al., 2022). Additionally, comprehensive research is needed to understand the overall

influence of xenoestrogens on the colon and the entire gastrointestinal tract.

9. Summary
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Xenoestrogens are an increasing concern in the modern world and may contribute to the
rising incidence of endocrine-related cancers. The level of exposure and the resulting impact
vary depending on the type of xenoestrogen. However, given their prevalence, exposure to these
compounds is virtually unavoidable. Therefore, it is crucial to conduct research on lesser-known
groups of xenoestrogens, such as metalloestrogens, as this could yield significant insights
(Boszkiewicz et al., 2020).

Their environmental impact is linked to various factors, including water pollution and
agricultural activities, particularly the use of pesticides and insecticides (Pathak et al., 2022;
Yang et al., 2020; Iribarne-Duran et al. 2024). Further research and the implementation of
environmental regulations are needed. Xenoestrogens significantly affect many areas of human
health, including the progression and treatment of diseases. The reproductive systems of both
males (Toppari et al., 1996) and females (Taylor et al., 2008) and certain types of cancer are
particularly susceptible to these compounds. Considering the current prevalence of cancer, the
impact of xenoestrogens in this domain is of significant importance and warrants
comprehensive analysis.

The association between xenoestrogens and tumors in many tissues requires thorough
analysis and testing. Incidences of non-classical hormone-related tumors including lung cancer,
colorectal cancer and gastric cancer appear to be linked to xenoestrogen exposure (Wang et al.,
2021), either due to the presence of ER receptors on cancer cells or their impact on chemical
reaction pathways. The current understanding in this field is limited and needs to be expanded.
Advancing knowledge about the influence of environmental factors on the mechanisms
underlying tumor occurrence and development would enable the establishment of more up-to-
date health recommendations and enhance effective prevention strategies.

The use of current knowledge, as well as its expansion regarding the occurrence of
xenoestrogens, their impact on the environment, and human health, will allow for the

establishment of the most sustainable approach to the problem of using these compounds.
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