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Abstract: Lead and cadmium are non-essential and toxic heavy metals. Their presence and elevated
levels can lead to many pathologies. They disrupt the antioxidant properties of many enzymes,
consume the resources of antioxidant cells, and thus participate in the generation of oxidative stress,
which may result in DNA damage. In addition, they have been found to be carcinogenic through
their genotoxic properties. They have been shown to be present in various types of cancer, including
cancer of the female reproductive system. Both metals have been recognized as metalloestrogens,
which are important in hormone-related cancers. Participation in the oncogenesis of ovarian, en-
dometrial and cervical cancer was analysed in detail, using the available research in this field. We
emphasize their role as potential biomarkers in cancer risk and diagnosis as well as advancement of
gynaecological malignancies.
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1. Introduction

Various metals play a key role in the homeostasis of the human body. However,
there is an important boundary between those necessary for living organisms in small
amounts but revealing their toxic properties in higher concentrations, and those that do not
play a special role in metabolism and are simply included in the mandatory toxic group.
Cadmium (Cd) and lead (Pb) belong to the latter group. Since both Cd and Pb do not
perform important biological functions, their deficiency does not have consequences, while
their excess can cause various diseases [1]. Both belong to a larger group of elements—the
so-called “heavy metals” [2]. This term, widely used in the scientific literature, although
quite precise, is commonly defined as a group of elements with a density greater than
5 g/cm3 [3]. These elements are natural components of the Earth’s crust. As a result of a
wide range of human activities, their natural geochemical cycles and biochemical balance
have undergone colossal changes. Various industries, including transport and energy, as
well as municipal waste management and soil fertilizers contribute to the anthropogenic
causes of pollution and make Cd and Pb ubiquitous. Heavy metals are released into the air
(including during combustion, mining and processing), into surface waters (through direct
deposition, run-offs and releases from storage and transport) and into the soil (and thus into
crops and other organisms through food). All of the above-mentioned processes and routes
contribute to greater human exposure, occurring primarily through inhalation of polluted
air or tobacco smoke and consumption of contaminated food, water, beverages and a wide
range of other human goods, such as dietary supplements, drugs and cosmetics [4-7].

Researchers have emphasized that the concentrations of Pb and Cd are strongly
and positively correlated with each other, regardless of the type of tissue analysed—
endometrium, endocervix or polyps [8]. Previous studies have shown that the levels
of these two metals in human body fluids (including seminal plasma) also show strong pos-
itive correlations [9]. Both studies support the idea that sources of exposure may be similar
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for both elements. Other common features of these elements is their ability to accumulate
in flora and fauna (including humans) as well a long half-life [2]. Cumulative exposure
(especially compared to short-term exposure) of these metals is particularly important in
the aetiology of cancer [10].

Due to the global burden of cancer, there is an urgent need to identify risk factors.
Particular attention was paid to trace elements and heavy metals as significant and, more
promisingly, potentially modifiable environmental factors. Deficiency of trace elements that
play an important role in maintaining homeostasis (e.g., cofactors) and the accumulation
of some toxic metals may impair the host’s resistance to cancer. It is widely recognized
that the multi-stage process of carcinogenesis involves both genetic and epigenetic changes,
which are possible due to various environmental factors [1].

Metals are suspected to induce genotoxicity by multiple routes. The first important
phenomenon associated with the initiation and progression of cancer is the interference
with cellular redox regulation, which causes oxidative stress, i.e., a state in which the
increased production of reactive oxygen species (ROS) is not sufficiently compensated by
the antioxidant protection of the body, which is followed by DNA damage [11]. Both Cd
and Pb are well known as oxidative stress inducers [12,13]. Despite the fact that they are
redox-inactive metals, they exhibit toxic effects by binding to the sulfhydryl groups of
proteins and depleting glutathione, thereby disrupting redox homeostasis [2].

In addition, they also inhibit DNA repair mechanisms. As a consequence, genome
instability occurs, and critical mutations begin to accumulate, which further strengthens
the first mechanisms. Metals cause changes in cell proliferation because they inhibit cell
control by inactivating tumour suppressor genes or activating oncogenes in the cell cycle.
Some studies support the induction of carcinogenesis through metal with the participation
of epigenetic mechanisms [14]. DNA methylation and histone modification are essential
epigenetic mechanisms to ensure proper control of gene expression. Tumour suppressor
gene transcription is inhibited by hypermethylation in the promoter region, whereas onco-
gene activation has been linked to a decrease in DNA methylation. This explains the huge
role of the epigenetic component in the process of carcinogenesis [15-17]. The significance
of heavy metals in the development of cancer and the variation in their concentrations
between normal and cancerous tissues are of great interest. The importance of heavy metals
in the development of cancer and the variability of their concentrations in normal and
neoplastic tissues is of great interest. However, the exact role of heavy metals in carcino-
genesis and the mechanisms that contribute to the development of the disease are still not
fully understood.

Due to cadmium and lead’s special properties, both can mimic the action of oestrogen.
They are considered as endocrine disruptors; they play a particular role in hormone-
dependant diseases, including malignancies of the reproductive system [18-21].

In this review, special attention was paid to the role of lead and cadmium in onco-
genesis and the formation of gynaecological cancers. To gather all currently recognized
information on the topic, we performed a search of the literature, including studies up to
October 2022. We used PubMed, Cochrane Library, Web of Science and Embase databases.
We assessed the information included in articles published in English. We used a combi-
nation of keywords related to lead, cadmium, heavy metals, cancer, and gynaecological
malignancies. We searched for relevant articles and chose the applicable ones to accom-
plish the objective of our review, which is to show the existing and described associations
between the Cd and Pb and ovarian, cervical and endometrial cancers.

2. Lead

Lead is a very durable metal, and due to its physicochemical properties, it has found
application in various industrial conditions [22]. Its durability is determined by its long
presence in the environment—in water, dust, soil, as well as in manufactured products
containing lead [23]. Wastes from domestic, industrial and commercial sources can contain
various metals and contaminate soil and water sources such as groundwater and rivers [24].
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The WHO classified lead as a toxic element both to humans and animals [23,25]. Bones
and tissues act as lead stores, and the toxic metal is transported to these by the blood due
to its ability to bind with erythrocytes. Lead is constantly mobilized from bone tissue into
the blood. About 40-70% of the Pb in the blood comes from the skeleton in adults exposed
to Pb [26]. Blood lead concentrations reflect short-term exposure to lead. The half-life of Pb
is 1-2 months; then, it is removed from soft tissues and blood. Because of the indication of
long-term exposure, bone tissue has been postulated to be a better indicator of chronic lead
toxicities because it contains the majority (95%) of adult lead deposits [27,28], which are
removed much more slowly, with a half-life of years to decades. Urine excretion accounts
for around 70% of Pb excretion, with faeces accounting for a smaller portion. Some is lost
through sweat, hair and nails [29]. Lead can cross the placenta (and accumulate in the
developing brain) and can be passed on to babies through breast milk [30]. In women, lead
exposure is associated with several detrimental effects on women’s reproductive health.
The following have been reported in clinical trials: spontaneous abortion, premature birth,
foetal growth abnormalities, preterm delivery, low birth weight, pre-eclampsia, stillbirth,
gestational diabetes and neonatal death [31]. Elevated blood levels are the most common
way to identify lead toxicity. A blood level of 10 g/dL (0.48 mol/L) or higher is considered
dangerous; it can affect many organs and can range from clear clinical signs to enigmatic
biochemical ones [32,33]. This may result in neurological disorders, peripheral neuropathy
and cognitive impairments [32]. Lead is a neurotoxic substance that interferes with the
formation of synaptic connections in the cerebral cortex and is associated with behavioural
and psychological problems in humans and other animals [34,35]. In adults, high lead
intake is associated with potential development of nephropathy, hypertension and other
disorders [32,33]. Occupational and environmental exposure to lead is not indifferent to
the libido and impairs the synthesis and circulation of sex hormones and menstruation,
additionally reducing fertility, delaying the time of conception and affecting the outcome
of pregnancy [36].

2.1. Lead and Oxidative Stress

Under normal circumstances, free radicals and ROS are neutralized by the body’s
antioxidant defences; however, when the body’s reserves secrete unopposed oxidants,
it causes harmful effects and damage [2]. Oxidative stress is a key element in the aeti-
ology of a wide spectrum of diseases, including chronic, vascular and immunological
diseases, as well as atherosclerosis, neurodegeneration, aging processes, mutagenesis and
carcinogenesis [37].

Lead causes excessive levels of oxidative stress, which damages cellular components
in a similar way as other persistent hazardous metals (such as cadmium); see Figure 1.
Lead is also known to cause lipid peroxidation. Nevertheless, this metal is a redox inactive.
Due to this fact, Pb and do not possess the ability to easily undergo valance changes. The
pathogenetic effects of lead are multifactorial. First, singlet oxygen, hydrogen peroxides
and hydroperoxides as well as other ROS are produced. Second, the cellular pool of
antioxidants is depleted [2]. Thus, two independent but connected mechanisms contribute
to free radical damage caused by Pb [38]. These two mechanisms are interrelated, so when
ROS levels increase on one side, antioxidant pools are depleted on the opposite side [39].
The §-aminolevulinic acid substrate, known to induce ROS production, is increased by lead
inhibition of delta-aminolevulinic acid dehydratase (ALAD). Lead-induced free radical
damage is caused by these separate but connected pathways [2]. Pb directly interrupts the
activity of enzymes, competitively inhibits the absorption of important trace elements and
deactivates the sulfhydryl pools of antioxidants [40]. Lead mainly depletes the cellular
antioxidant pool by attaching itself to the sulthydryl groups of proteins and lowering
glutathione levels [2]. Lead inhibits two specific enzymes—glutathione reductase (GR)
and ALAD [41]. Lead has been shown to interfere with the cycle of converting oxidized
glutathione (GSSG) to reduced glutathione (GSH), which lowers GSH levels. GR is the
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enzyme responsible for recycling GSH [42]. More than 90% of the body’s non-tissue sulphur
pool is covered by glutathione, and lead primarily affects glutathione metabolism [43].

antioxidant
T i > l sulphpydryl pool

oxidative stress

Figure 1. Lead activity and oxidative stress generation.

In addition to ROS, reactive nitrogen species (RNS) have also been shown to play
a key role in lead toxicity, as demonstrated in a study of lead-induced hypertension in
humans [44]. The relaxation factor derived from the endothelium is nitric oxide. Nitric
oxide in vascular endothelial cells can be oxidized by ROS from lead exposure to form
peroxynitrite (ONOO), a highly reactive ROS that can damage lipids and DNA. In animal
studies, elevated blood pressure is caused by NO depletion after exposure to lead [45].

2.2. Lead and Carcinogenicity

Lead has been classified by IARC as a category 2B carcinogen, due to its proven
carcinogenicity in animals [46]. The mechanism of lead-related carcinogenicity remains
unclear, although there are studies that have shown that lead destabilizes the structure of
DNA, inducing chromatin aggregation through histone-DNA cross-links [47]. Lead has
been found to have a proliferative effect on liver cells in vivo as a mitogen [48]. This prolif-
eration was found to be directly hyperplastic and associated with TNF-« [49]. A similar
dose-dependent proliferative effect on renal tubular epithelial cells with occasional atypias
was also observed in lead-exposed rats. Lower doses caused nephrotoxic effects [50,51].

Increased Pb concentration in toenails was also associated with the risk of pancreatic
carcinogenesis [52]. In a prospective analysis of 4740 workers in Pb and Zn smelters, long-
term and low exposure to these metals was shown to be a risk factor for lung cancer. A
nine-fold increase in the probability of peritoneal and retroperitoneal malignancies has
also been documented [53]. Additionally, patients with gallbladder cancer were found
to have higher levels of lead in their tissues [54]. Moreover, exposure to Pb was linked
to breast cancer because it acts as a metalloestrogen and activates the oestrogen receptor-
o [18]. Concentrations of lead and cadmium in the scalp, hair and nails were also found
to be higher in patients with lung and prostate cancer in comparison to those of healthy
controls [55,56].

3. Cadmium

Cadmium is a heavy metal with an extremely long biological half-life [57]. Cadmium
has no important biologic functions [58], but as a cumulative toxin is a metal of ongo-
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ing environmental and occupational concern, with a multitude of negative impacts [57].
Chronic low levels of exposure to cadmium have been associated with a higher risk of many
diseases, including cancer, cardiovascular disease, bone damage, renal tubular disease,
diabetes and obstructive pulmonary disease [59].

There are several routes of Cd uptake, which include the lungs, skin and digestive
system [60]. Few sources of human exposure to cadmium make excellent use of these
routes, posing a risk to human health. One of the most dangerous transition metals, Cd,
is associated with air and water pollution and cigarette smoke [61]. It is worth noting
that cadmium makes up 0.1 parts per million (ppm) of the Earth’s crust [62]; historically,
exposure has been inversely correlated with environmental occurrence. However, over the
last century, the use of cadmium in manufacturing has increased dramatically, significantly
changing the risk of exposure to this rare element [63]. Numerous studies have been
conducted on the harmful effects of Cd, with a major focus on occupational exposure [64],
including employment in the primary metals industry [57].

Still, smoking is the main source of Cd intake. Tobacco plants naturally accumulate
relatively high concentrations of cadmium in their leaves. Each cigarette contains 1 to 2 ug
of Cd. Smokers can consume up to twice as much cadmium per day than non-smokers
when they smoke 20 cigarettes per day, resulting in an annual cadmium accumulation of
0.5 mg [65].

Although gastrointestinal absorption from food is typically much less effective than
from air or water due to the fact that Cd binds to food components, food is still the main
source of Cd for occupationally unexposed people [66]. Estimated global dietary intakes of
cadmium range from 10 to 40 micrograms per day in pollution-free areas, and up to several
hundred micrograms in cadmium-contaminated areas [67].

Compared to less than 10% of Cd absorbed with food, it is estimated that 10 to 40%
of Cd can be absorbed by inhalation [68]. Food also remains the major source of Cd for
non-smokers [67].

3.1. Cadmium and Zinc

Zinc, being one of the most crucial trace elements for humans, acts as a catalyst regula-
tory and structural ion. As a trace metal, it plays a key role in maintaining homeostasis
and the proper functioning of the immune system. It also protects the human body against
the adverse effects of oxidative stress and is necessary in apoptosis and the process of
aging [69]. More than 300 enzymes use it as a cofactor, although its primary function is to
stabilize the structure of proteins, especially signalling enzymes [70,71]. Zinc is believed
to potentially inhibit tumour growth due to its antioxidant properties [37]. The negative
effects of cadmium often result from interference with various zinc-mediated metabolic
processes. The usage of zinc in treatment can reduce or abolish the toxic effects of cadmium,
which supports their specific relationship [66]. Being structurally similar to zinc, Cd com-
petes with Zn for protein binding sites and can replace them. It has been hypothesized that
the toxicity of cadmium results from its role as a key Zn cofactor in many critical enzyme
systems [72].

In one of the studies on the effect of exposure to cadmium in rat heart tissue, reduced
activity of superoxide dismutase (SOD) was demonstrated [73]. Cadmium poisoning
changes the activity of antioxidant enzymes, one of which is Zn-SOD, which was also
demonstrated in another study on rats [74]. Zinc is one of the components of SOD—
an enzyme that catalyses the dismutation of superoxide radicals to hydrogen peroxide.
Reducing its activity may cause oxidative stress and lead to carcinogenesis and tumour
progression [75,76].

It has been reported that one of the key mechanisms by which cadmium antagonizes
zinc may be the result of its replacement in the DNA-binding domain of the Zn finger,
and this may be how Cd causes not only toxicity but also cancer [77]. Zinc finger proteins
(Ztp) are the largest family of transcription factors in the genome of humans. They are
sequence-specific DNA-binding proteins [78]. Zinc is the main structural component
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of Zfp and is necessary to ensure their stability [79] They are present in almost half of
human transcription factors, making them major determinants of network and regulatory
processes [80].

Moreover, the inhibition of repair is attributed to displacement of Cd(I) ions due to
the fact that Mg and Zn, which are cofactors of DNA polymerase, effectively protect against
carcinogenesis in vivo [81]. In addition to the accumulation of potentially dangerous
and unnecessary trace metals, an imbalance in the trace metal composition, known to be
essential for homeostasis, can cause disease. This may suggest that the host’s resistance to
carcinogenic stress may be impaired by the lack of vital trace metals, which act as enzyme
cofactors [82].

3.2. Cadmium and Metalothioneins

Cadmium accumulates in tissues because there is no mechanism for excretion of Cd for
humans. Cadmium in the renal cortex has a half-life of 20-35 years. Cadmium accumulates
mainly in the liver and kidneys. The next largest metal deposits are the pancreas and lungs.
In the body, Cd is mainly associated with metallothioneins (MT) [60]. Proteins called MTs,
which bind to low-molecular-weight metals, are expected to sequester the metal with high
affinity [83]. Due to their nature of intracellular polypeptides, MTs have an extraordinary
ability to bind to metal ions, including essential metals, as well as harmful and heavy
metals such as cadmium and lead [82]. Immunohistochemically detectable overexpression
of MT has been shown in various cancers, particularly breast cancer. They seem to play a
homeostatic role in the control and detoxification of these metals [84].

3.3. Cadmium and Antioxidants

Disruption of metal ion homeostasis can lead to oxidative stress [2]. Cd is an important
factor that strongly contributes to the disruption of redox homeostasis in the cell. Its toxic
effect is due to several mechanisms: generation of tissue damage by free radicals, as it can
be a catalyst for oxidation reactions, inhibition of enzymes of the antioxidant system, and
blocking the use of nutrients (Figure 2) [58].

... . A
re—
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Figure 2. Cadmium activity and oxidative stress generation.

Cadmium itself is not able to directly generate free radicals, but its action results
in increased indirect production of ROS and RNS with the participation of superoxide
radicals, hydroxyl radicals and nitric oxide [85]. The generation of hydrogen peroxide
from non-radical particles has been confirmed, which in turn can be a relevant source of
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radicals through Fenton reaction [86]. Cadmium poisoning leads to a substantial increase
in the concentration of lipid peroxides and changes the activity of antioxidant enzymes
such as Zn-SOD, catalase (CAT), glutathione peroxidase (GPx), glutathione reductase (GR)
and glutathione S-transferase (GST) stocks in rats [74]. Cd also depletes sulthydryl groups
associated with proteins [77]. One of the studies on the consequences of exposure to
cadmium (exposure in drinking water in rat heart tissue) showed a considerable increase
in the markers of oxidative stress—malondialdehyde (MDA) and lipoperoxides—and a
decrease in SOD and GPx activity [73].

In addition, studies also reveal that under the conditions of exposure to cadmium and
the excessive amount of ROS caused by its presence, the number of cells with single-strand
DNA breaks and cellular DNA damage were significantly elevated in the exposed groups
compared to the control groups [87]. Another mechanism of the indirect role of Cd in
the formation of free radicals consisted of the replacement of iron and copper in various
cytoplasmic and membrane proteins (such as apoferritin and ferritin). This increases the
amount of unbound free or weakly chelated Cu and Fe ions involved in oxidative stress
through Fenton chemistry. Thanks to this reaction, the copper displaced from the binding
site can catalyse the decomposition of hydrogen peroxide. The replacement of Fe and Cu
by cadmium may be a good explanation for the increased toxicity induced by Cd [88].

The toxic effects of cadmium are known to occur intracellularly, mainly as a result
of damage caused by free radicals. These effects are particularly damaging to the lungs,
heart, bones, kidneys, central nervous system and reproductive system. However, the exact
mechanisms are not yet fully understood [89].

3.4. Cadmium and Cancerogecity

As stated by the International Agency for Research on Cancer (IARC), there is sufficient
evidence of human carcinogenicity of cadmium and cadmium compounds, which have
been identified as Group 1 human carcinogens [66]. Cd has already been identified in sev-
eral malignancies [24]. In plant, animal and human cells, Cd causes DNA strand breakage,
sister chromatid exchange, chromosomal aberrations and oxidative damage [90,91]. More-
over, Cd enhances the mutagenic properties of UV light [81]. The induction of oxidative
DNA damage and interaction with DNA repair processes are responsible for the genotoxic
properties of Cd. Two mechanisms responsible for DNA repair, nucleotide excision repair
(NER) (the master repair system) and repair of oxidative modifications of DNA bases, are
disrupted by Cd(Il) ions [81].

An interesting explanation of cadmium-induced carcinogenicity in relation to cell ad-
hesion suggests that E-cadherin, being a transmembrane glycoprotein, plays an important
role in cell-cell adhesion and has the ability to attach Cd to Ca(ll) binding regions, resulting
in a conformation change of the glycoprotein. Disturbances in cell-cell adhesion caused
by this heavy metal seem to be a possible explanation for the induction and promotion of
cancer in some cases [92].

Cd is a strong carcinogen that may cause prostate, lung and gastrointestinal (partic-
ularly pancreatic and kidney) cancer. Cigarette smoke acts synergistically in the process
of carcinogenesis and intensifies its effects [93,94]. The incidence of cancer (especially of
the lungs) has been extensively studied in the polluted environment in the vicinity of zinc
smelters. The study outcome revealed a relationship between cancer risk and environmen-
tal exposure to Cd, as evidenced by 24 h urinary excretion, a result that remained consistent
after adjusting for gender, age and smoking [95]. In addition to lung cancer, associations
between urinary cadmium levels and leukaemia mortality in both sexes have also been
suggested [96].

4. Lead, Cadmium and Gynaecological Malignancies

173—estradiol (E2) and other steroidal oestrogens have key physiological effects for
many tissues; exposure to oestrogens is a known risk factor, which is especially important in
gynaecological cancers, as they are often hormonal in origin [97-99]. Chemical substances
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inducing estrogenic activity can be divided into several groups, such as oestrogens (e.g.,
173-estradiol), xenoestrogens (e.g., Bisphenol-A), phytoestrogens (e.g., genistein) and
metalloestrogens (cadmium and lead) [100]. Inorganic heavy metal ions that attach to
oestrogen receptors and induce their subsequent activation are called “metalloestrogens”.
Cd and Pb are among these; they have estrogenic properties and have been found to
produce a pronounced oestrogen-like effect [19,101]. Metalloestrogens can be divided into
two distinct subclasses: oxanions and divalent cations Cd and Pb. Metalloestrogens and
metalloids (semi-metals) possess the ability to activate the oestrogen receptor (ER) [98]. Two
ER isoforms—Er« and Erf3—can mediate many of the effects of oestrogens. Erx activation
results in the mitogenic effects associated with this hormone, whereas Erf3 activation results
in the opposite, anti-mitogenic effects [102]. It has been hypothesized that environmental
pollutants resembling the action of oestrogens cause reproductive system disorders [97].

Because Pb acts as a metalloestrogen by activating the oestrogen receptor-c, it has been
linked to breast cancer [18]. It has been found that the toxic metal induces cell proliferation
and increases the transcription and expression of genes regulated by oestrogens, causing
oestrogen-dependent breast cancer [103]. Cd has also been found to have oestrogen-
like capacity and functionally acts as an endocrine disruptor by mimicking the effects
of oestrogen [19-21]. In this study on ER levels and oestrogen-induced responses in Cd-
induced human breast cancer cells, the metal was shown to significantly decrease ER levels,
decrease ER mRNA and increase progesterone receptors, which are typical estrogenic
effects [19]. Another study aimed to gain insight into the mechanism by which Cd activates
ER-a. Researchers were able to provide evidence that the oestrogen receptor activation
occurs through the interaction of a high affinity metal with the receptor’s hormone-binding
domain. The analysis of the mutations helped in identification of a few amino acids as
potential metal interaction sites, implying that ER-« activation by Cd occurs by forming a
coordination complex in the hormone-binding domain of the receptor [20]. Environmentally
significant doses of cadmium induced a few very typical oestrogen responses in rats.
Increase in uterine weight and progesterone receptor expression, endometrial hypertrophy
and hyperplasia, as well as mammary gland growth and development, were observed [104].

There are not many studies addressing the correlation of Cd and Pb with gynaeco-
logical malignancies, but some of the results from those commonly available are summa-
rized below.

4.1. Cervical Cancer

Cervical cancer was the most common and deadly gynaecological malignancy in
the world in 2020 [105]; it is disproportionately common (>80%) in the underdeveloped
world [106]. Early sexual initiation, specific sexual behaviours such as having multiple
partners, having sex at a young age, infrequent condom use, multiple pregnancies, chlamy-
dial infections and HIV-related immunosuppression, which is associated with a higher
risk of HPV (human papilloma virus) infection, are blamed for the growing trend of the
disease in developing countries [107]. Smoking, multiparity and long-term use of oral
contraceptives can double or triple the risk of precancerous disease and cancer in women
infected with carcinogenic HPV types [108-110]. Persistent infection with one of the approx-
imately 15 genotypes of carcinogenic HPV causes almost all cases of cervical cancer—both
squamous cell carcinoma and cervical adenocarcinoma [111].

In one study, the Cd content of scalp hair samples was significantly higher in the hair
of cancer patients compared to women in the reference group. The result was obtained in
cervical and ovarian cancer [112]. Another study was conducted on patients with various
stages of cervical cancer. Parameters were compared between blood samples taken before
and after radiotherapy. In this study, plasma Cd increased in the cancer stage 3 and 4 groups,
while the stage 1 and 2 patient groups showed no marked change. Cd levels fell to near
normal levels after 30 days of radiotherapy. The authors speculated that the observed
increase in the level of Cd in patients with stage 3 and 4 may result from the specific effect
of advanced tumor mass growth. In their opinion, another reasonable speculation is that
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the accumulation of Cd may be the reason for the reduction of zinc levels in advanced
stages of cervical cancer due to the structural similarity between them [113].

Studies on Pb showed higher Pb levels associated with higher risk of cervical cancer
compared to HPV-negative/non-cancerous individuals (adjusted for age effect). The
study characterized the potential cancerous role of lead (Pb) as a common environmental
toxicant for CIN (cervical intraepithelial neoplasia) outcomes. The finding suggests a
direct significant relationship between Pb accumulation and the existence of CIN. Lead
concentration was quantified using an atomic absorption spectrometer in liquid cytological
samples. However, the authors themselves stated that their results and conclusions from
inductive thinking should be treated with caution, because their cases concerned only
potentially premalignant CIN transformation; it is worth noting that their study included
only three cases of CIN [114]. However, another similar study with a larger sample followed,
providing better statistical power. Researchers assessed and evaluated the relationship
between Pb concentration in women suffering from CIN associated with HPV genotypes
compared to non-HPV/non-cancerous outcomes. These studies provide unequivocal
evidence of elevated Pb levels accumulated in cervical neoplastic tissue. They also focused
on finding any relationship between HPV and Pb genotypes, but there was no significant
difference [8].

4.2. Endometrial Cancer

Endometrial cancer is the second most common among gynaecological malignan-
cies [115]. Most cases are detected after menopause [116]. Typical risk is more common in
developed countries; however, though endometrial cancer is less common in less developed
countries, the mortality rate is much higher. The most common—type 1 lesions—are usu-
ally hormone-sensitive, low-stage, and have an excellent prognosis, while type 2 tumours
are mostly high-grade and recurrent tumours, even at an early stage. The endometrium
undergoes constant structural modification in response to the cyclical changes in oestrogen
and progesterone levels during the menstrual cycle. Long-term, non-contradictory expo-
sure to oestrogen leads to endometrial hyperplasia, which increases the risk of developing
atypical hyperplasia and ultimately type 1 endometrial cancer [117]. The involvement of
most risk factors in its development can be explained by the phenomenon of unopposed-
oestrogen action. This includes being overweight, usage of tamoxifen, nulliparity and
hormone replacement therapy with insufficient time for progesterone compound addition
as important risk factors [118-122]. Great multiparity and pregnancy, birth control pills
containing oestrogens with progestogens, and smoking reduce the risk of endometrial
cancer [123-126]. Due to the large number of blood vessels of the endometrium and the
endocervix, they may be sensitive to many substances supplied by blood, both endogenous
(such as hormones) and exogenous (such as toxic heavy metals, which may accumulate
with prolonged exposure) [127].

Elevated levels of Cd have been observed in neoplastic endometrial tissues [8]. Urine
Cd studies have also provided some evidence of an association between increased uCd
levels and higher endometrial cancer [96]. Cd from food has also been identified as a
potential risk factor for endometrial cancers in postmenopausal women, but there is no
consensus among researchers. Some studies do not indicate that our estimated dietary
intake of Cd is associated with hormone-related cancers in women [128]. However, authors
offer several possible explanations for why their results were inconclusive, for example,
misclassification in the assessment of dietary Cd may have weakened the observed associ-
ations [129]. However, other dietary studies have linked elevated levels of Cd in food to
the risk of endometrial cancer. Statistical significance of long-term cadmium intake and
a higher risk of cancer of the endometrium was proven in all women. These outcomes
support the hypothesis that Cd induces estrogenic effects, which may result in a greater risk
of hormone-related malignancies [130]. A population-based case-control study of women in
the Midwestern United States found a statistically significant positive association between
urinary Cd levels and endometrial cancer risk. A doubling of cadmium exposure increased
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the risk of endometrial cancer by 22%. These findings show that Cd may increase the risk
of endometrial cancer, perhaps due to the effects of oestrogen [131]. The goal of another
researcher was to conduct a study that would answer the question of how changes in blood
Cd levels behave during six cycles of chemotherapy in patients with genital cancer, taking
in account the treatment stage. In endometrial cancer, concentrations increased slightly
in the first cycle of chemotherapy but decreased in the third and remained at a similar
level in the sixth. In-depth study of the collected data showed the interaction between the
stage of chemotherapy and the type of cancer affected the concentration of Cd. This was
considerably affected by the cancer type as well as the chemotherapy cycle used. Insightful
analysis can prove useful in better understanding the physiologic processes resulting from
chemotherapy. Researchers point out that further studies on trace element monitoring
may determine the efficacy of cancer treatment, thereby improving treatment outcomes
and extending patient survival time [132]. Compared to histologically normal tissues,
endometrial cancer, hyperplasia and CIN demonstrated relevantly increased toxic metal
concentration—not only for cadmium but also lead. Understanding of the existence, func-
tion and diseases of metals in the female reproductive system is facilitated by the findings of
this study [8]. As noted in another study, hyperplasia of endometrial tissue, considered one
of the risk factors for the development of cancer [133], also showed substantially increased
concentrations of lead compared to healthy tissue. Elevated Pb concentration in these
tissues may contribute to the advancement of lesions and tumorigenesis, given that it may
increase cellular levels of reactive oxygen species and cause genetic imbalance [13].

4.3. Ovarian Cancer

Among gynaecological malignancies, ovarian cancer ranks second in terms of mor-
tality [134], mainly due to relapse and chemoresistance [135]. There are several genes that
have been found to be connected to hereditary ovarian cancer. About 23% of ovarian cancer
cases are thought to have a hereditary predisposition. Germline mutations in the BRCA1 or
BRCA2 genes, which account for 20-25% of high-grade serous ovarian cancer, are the most
commonly inherited disorder [136]. Other important factors are menstrual and hormonal
factors (such as early menstrual age and late menopause), use of hormone replacement
therapy during menopause, and high BMI. Unambiguously higher parity and the usage
of oral contraceptives lower the risk of ovarian cancer [137]. The abovementioned study
of Cd in hair samples of female cancerous patients and their healthy female counterparts
clearly advocates for a strong association of ovarian and cervical cancers with elevated
Cd concentration [112]. Research confirms the relationship between higher urinary Cd
concentrations and an increase in the incidence of ovarian cancer [96]. Some studies suggest
that exposure to dietary Cd is unlikely to have a significant effect on the development of
ovarian cancer [128,138]. An interesting discovery was made in the study of changes in the
concentration of Cd in the blood during six cycles of chemotherapy. In ovarian cancer, Cd
levels increased in the third cycle of chemotherapy and then decreased slightly in the sixth
cycle. The results of the study indicate that the level of Cd was significantly dependent on
the cancer type and the course of chemotherapy [132]. Pb and its concentrations in ovarian
tissue were found to be increased in both malignant and borderline tissues compared to
healthy ovaries. Lead concentrations in malignant tissues, borderline papillary projections,
and capsular tissue samples were not different. This study concluded that Pb accumulation
in the tissues of the ovary was related, with borderline and malignant proliferation of the
superficial epithelium [10].

5. Conclusions

Both lead and cadmium play an important role in the oncogenesis of gynaecological
cancers due to their ability to generate oxidative stress, genotoxicity and metalloestrogenic
properties. Undoubtedly, further research into the pathogenesis mechanisms of various
malignancies is needed, as there are still many gaps in our understanding of carcinogenesis
and the involvement of heavy metals in this process. Gynaecological cancers are one of the
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most common causes of death among women; thus, it is important to focus on this topic.
While the environmental pollutants mimicking the effects of oestrogen have been suggested
to contribute to the high rate of hormone-related cancers, little additional data exist. In
particular, the scientific literature on Pb in genital cancer is limited. With this in mind,
there is a strong need for trials with larger patient populations and multicentre trials to
create studies with greater statistical power. Cd and Pb appear to be modifiable risk factors
for cancer, making a compelling case for intensified efforts to eliminate their exposure. A
deeper understanding of these heavy metals may prove to be a great diagnostic clue, and
they may have a potential role as biomarkers for cancer risk or advancement.
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