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Abstract— Cancer is the leading cause of various incidences of
mortality, morbidity, and premature death worldwide. Toxic
metals like arsenic, chromium, nickel, aluminium obstruct
several physiological processes, including the central nervous
system (CNS) and renal functions, having specific interactions
with system cells, tissues, and organs. Most importantly, these
metals result in the induction of tumors leading to cancer. This
review focuses on various heavy metals in the induction of
complex disorders and cancer. This work also aims to provide a
brief understanding to ordinary people about the most simple

day-to-day activities that can get us exposed to heavy metals.
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INTRODUCTION

Nowadays, over half of world populations face newly
diagnosed cancers, and 70% of all cancer death occur in
developing and undeveloped countries [1,2]. The prevalence
of cancer varieties is multifactorial polygenic diseases that
may vary depending upon the environmental factors and
genetic susceptibility because they have identifiable heredity
factors. Rapidly changing lifestyle and diet adaptation may
influence the heritability of variant phenotypes dependent on
the nutraceutical's supplementation for their expression [3,4].

To date, relevant information about carcinogens is
available, and many of these agents have already been
identified [5]. However, many potential carcinogenic heavy
metals are present in food and beverage items and are
assumed to be safe when consumed by humans that cause
serious health problems. In this regard, Regular consumption
of daily requirements may expose them to heavy metals in
drinking water which pose the greatest threat to public health.
Daily life's basic necessity is water, which is the primary
source of heavy metals that contaminate the surface and
ground waters by industrial sewage and agricultural runoff
[6]. Some people may not afford the purified mineral water,
and they consume tap water which is the direct source of
contaminated heavy metal mixed water [7].

According to several research studies, the concentration of
these carcinogenic groundwater elements is high in some
countries, including India, Bangladesh, and Argentina [8,9].
These elements are known to induce cancer of different types
leading to genetic and epigenetic effects [10]. Epigenetic
mechanisms play a prominent role in the process of
carcinogenesis. Such events include reversible modification

of CpG islands of gene promoters and histone proteins that
affect somatic cells and germ cells' gene expression level and
cause indirect changes genetically [11,12]. Mammalia genes
account for nearly 40% of CpG islands (5'-CG-3’ sequence).
The C5 position of cytosine residue results in
hypermethylation and hypomethylation, which involved the
inhibition of the expression of tumor suppression of genes or
an increase in oncogenic gene expression, jointly contributing
to cancer development and progression [13].

Deamination of methylated cytosine base may produce a
thymine base, resulting in a specific transition mutation in
CpG island, for example, in p53 (tumor suppressor gene or as
guardian of the genome), the chromatin configuration
changes due to histone proteins' hypermethylation [14].
Corresponding alterations in growth control genes such as
DNA-repair genes, oncogenes, protooncogenes, apoptotic
genes combine to dictate the cellular phenotype and
differentiation [12,15]. Comparing these epigenetic effects
caused by the following elements in cancer concerned genes
shows the impact in biological systems.

I. TOXICITY AND CARCINOGENICITY

The degree of toxicity can be acute and chronic. Toxic
metals obstruct several physiological processes, including the
central nervous system (CNS) and renal functions, having
specific interactions with system cells, tissues, and organs.
Like Mercury, Gold, Platinum, Beryllium, chromium, and
Nickel, a few metals may induce type I, II, Ill, or IV
hypersensitivity [16]. The half-life of metals within tissues is
very important to learn about its toxicity. For Hg, the half-life
is 60 -70 days [17], Cd is 10-20yrs [18], and Pb is 10yrs [19]
depending upon the type of tissue, for example, lead has a
half-life in soft tissues for few weeks however it is of 20yrs in
bone tissue.

Another factor is chemical complexity that may alter the
metals' pharmacokinetic properties, including the ability for
absorption and distribution to reach the cellular and
intracellular targets [20]; chemical forms (elemental, organic,
inorganic) strongly affect the route of exposure,
bioavailability, and toxic profile. Organic forms are highly
lipophilic and quickly cross the biological membrane (Blood-
Brain barrier and Gastrointestinal wall, Placental membrane).
Organic forms of mercury metal (ethyl mercury,
phenylmercury, and methylmercury) can accumulate in
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lipophilic tissues, crossing the BBB (Blood-brain barrier)
give rise to neurotoxicity. Significant toxic effects are on
CNS and neuron anatomical regions. Signs and symptoms
include dysarthria, constriction of the visual fields,
paraesthesia, ataxia, and hearing loss [21]. Inorganic forms
are salts of metals (e.g., vapors of atomic Hg and salts HgO,
HgS, and Hg.Cl,) having hydrophilic nature, mainly cause
renal toxicity [17,22].

Toxic effects of metals are often tissue-specific due to
specific proteins that selectively bind metals like
Metallothionein (MT) [23]. Cd metal in the liver can bind to
GSH (glutathione) and get excreted out of the liver with bile
and bind to MT and form Cd-MT complex, representing
metal accumulation. Physical and chemical similarities, some
non-essential metals that are not required during
physiological processes, can compete with essential metals (
requisite metals for numerous biological processes),
disturbing the homeostatic ionic equilibrium [24].

Heavy metals are known to demonstrate a high affinity for
aminic, thiolic, phosphoric, and carboxylic groups of organic
compounds present in inactive or reactive sites of biological
proteins and nucleic acids. Heavy metals mainly function as
carcinogens or co-carcinogens, producing a cascade of
biochemical events during various metabolic processes such
as replication, transcription, and DNA repair systems. Ni, Cr,
As, Cd, Be, and Pb metals are classified as potential human
carcinogens based on epidemiological evidence [25].
However, the exact mechanism of genotoxic action is not
entirely  understood. For example, arsenic  (AS)
carcinogenicity  involves  cytotoxicity  followed by
regenerative cell proliferation; this is due to the formation of
reactive metabolite DMAII (Dimethylarsinous acid), which
leads to oxidative damage or binds with critical urothelial
sulfhydryl groups [26].

I.  CARCINOGENIC HEAVY METALS

A. Arsenic (As)

Arsenic is also called an epigenetic carcinogen metalloid.
Arsenic has two states: trivalent arsenite has more
carcinogenic properties than pentavalent arsenate [27,28].
Trivalent arsenic has a high binding affinity to thiol groups of
proteins and reduced glutathione (GSH) [29]. Uptake of
drinking water for a long duration containing low arsenite
levels induces carcinogenesis in skin, lung, bladder, and
kidney tissues, resulting from alteration of multiple signaling
pathways [30]. Exposure to reduced arsenic-induced reactive
oxygen species formation is an unavoidable reaction of
normal cell metabolism [31].

Arsenic carcinogenesis plays a role in increasing the
genotoxicity of other carcinogens, including UV and ionizing
radiations, alkylating agents, or oxidants. UV-radiations
induce non-melanoma skin cancer. Strands of DNA exposed
to photons of ultra-violating radiations (A & B) break, and
CPDs (Cyclobutane pyrimidine dimers) are formed [32,33].
UV radiation can activate zinc finger motifs of protein PRAP

(Protein family poly (ADP-ribose) polymerase) of PARP 1
family has an essential role in the regulation of NER
(nucleotide excision repair) [34,35]. Around 40- 60% of
arsenic intake is excreted into the urine, and the majority is
composed of demethylated arsenic [36,37].

B. Cadmium (Cd)

It is a toxic heavy metal naturally present in the
environment as a pollutant from industrial and agricultural
sources. Atmospheric pollution and the use of Cd-containing
fertilizers are found to contaminate background levels in soil,
farmland [38]. In non-smoking individuals, Dietary Cd
(found in Shellfish, offal products, certain seeds, cereals,
potatoes, roots, crops, and vegetables are the primary sources,
roughly 80%) is the major source of human exposure to this
heavy metal. The average Cd intake from food varies
between 9 and 25 mg/day in the US and Europe and between
19.7 and 35.4 mg/day in Asia. Smokers usually absorb a
similar Cd from cigarettes as for food ingestion (1-3 mg/day)
[39]. The half-life of cadmium retaining capacity in the
kidney for many vyears (half-life: 10-30 years) and the
concentration is proportional to that in the urine [40].

Biomarkers of cadmium exposure are blood, urine, hair,
and nails. Information regarding Cd's recent absorption in the
blood can be taken into account, and its concentration is
independent of tissue deposition [41]. Serum Cd normal
range in healthy subjects is 0.1-0.5 mg/L [42]. Cd
accumulation of Urine-Cd in the kidney mainly reflects its
life-long exposure [40]. Hair and nails provide long-term
information and are easily accessible for non-invasive
sampling. However, some data indicate that Cd accumulates
in organs and blood rather than skin appendages [43,44].

However, the results are often inconsistent and sometimes
are dependent on the different Cd sources considered
(occupational vs. non-occupational settings). Accumulated
epidemiological evidence has established a link between Cd
exposure and prostate cancer risk/mortality. Sawada et al.
evaluated Cd consumption's relationship at levels observed in
a general population with all cancers' risk. Furthermore, many
factors, including smoking, diet, other heavy metals,
pollutants, and lifestyle, may mystify the results and amplify
a positive relationship [45].

The mechanisms involved in Cd carcinogenesis are
complex and only somewhat known. Some of these
mechanisms may include induction of oxidative stress and
DNA damage, enhanced proliferation and depressed
apoptosis, altered DNA repair, and hormone-like actions in
the prostate model [46,47].

Notably, Malignant transformation by chronic exposure to
low Cd concentrations can also be induced in human
immortalized prostate cells [48]. These cells behave as
poorly-differentiated adenocarcinoma cells and acquire the
ability to form colonies and grow in nude mice, a helpful
model, to investigate the molecular mechanisms involved in
Cd-induced carcinogenesis in humans' prostate. Several
pieces of evidence indicate that both androgens and estrogens'
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hormone-mimicking Cd's actions are highly suspected of
playing a role in Cd-dependent prostate carcinogenesis
through complex and not wholly understood mechanisms
[49,50]. Long-term Cd accumulation can raise the possibility
that the prostate may induce multiple mechanisms that may
favor carcinogenesis [51].

C. Aluminium

Aluminum exhibits many applications in different areas,
including food additives and cosmetics. It induced
carcinogenesis as it has a binding ability to the estrogen
receptor (ER) and imitates estrogen functions, therefore
termed metalloestrogens (ME) [52]. Aluminum has an
affinity for both cell surface estrogen receptors and nuclear
estrogen receptors and ERE; this results in the activation of
both ER signal transduction [53]. ME triggers the expression
of genes that contain ERE (Estrogen Responsive Elements)
on their promoters. ERE increases breast cells' proliferation
in the mammary glands, increasing replication error in
cancer-related genes [54]. This element is used in the
antiperspirants that block the odor and sweat when applied on
the skin around underarms and breast areas; when effectively
not washed, continuous exposure of these salts of aluminum
in that area enhances the risk of cancer [55].

In addition to breast cancer, estrogen can activate
telomerase gene expression as a gene containing ERE in ER-
alpha positive cell results in endometrial cancer [56]. The
epigenetic effects of aluminium take place through the
binding of trivalent (Al3+) to the phosphate groups of DNA
under physiologic pH, thus changing DNA topology from B
to Z in (CCG) 12 repeat regions [57]. The expansion of the
triplet repeats is named "dynamic mutation." A minimum of
5-10 triplet-repeats increases the probability of hairpin
formations, mainly in the lagging strand. These hairpin
structures lead to replication slippage and genomic instability
due to the inappropriate DNA polymerase movement, causing
deletion mutations. Expansion of these repeats tends to form
more than 200 copies of leads to excessive methylation of
cytosines in the promoter of the FMR1 gene, resulting in
fragile X syndrome [58].

D. Nickel

Nickel compounds are water-insoluble, including nickel
sulfides, disulfide, and oxides permeable to the cell
membrane are very potent carcinogens [59]. Drinking water
is the primary nickel source [60]. It induces carcinogenesis
through interruption of the biological process, including DNA
hypermethylation, mutation, ROS generation, modification
by inhibiting histone proteins (H1, H2, H3), a substantial
increase of the ubiquitination of H2A, H2B and H4
acetylation, and converting protooncogenes to
heterochromatin. Therefore, nickel plays a vital role in the
suppression (silencing) of genes and the other genes that are
involved in carcinogenesis pathways [61,62].

E. Chromium
The trivalent form of chromium is an epigenetic
carcinogen factor since it can form stable compounds with

macromolecules such as DNA and cysteine of proteins and
glutathione [63]. The trivalent form cannot pass through the
cell membrane, but its hexavalent salts can pass the cell
membrane. Hexavalent chromium (reduced form) interrupts
the fundamentals process of replication by breaking the single
strands, DNA inter-strands cross-links form (ICLs), and
oxygen radicals, thus inducing apoptosis. Its carcinogenicity
is imposed through hypermethylation of CYPlal promoters
in lung epithelial cells and fibroblasts [64].

CYP1A1l plays an essential role in the metabolism of
carcinogens such as polycyclic aromatic hydrocarbons
(PAHS) and heterocyclic amines; they are widely distributed
in our environment through automobile exhausts, charcoal-
broiled cooking, cigarette smoke, and industrial waste.
CYP1A1 inhibits PAH carcinogenesis. Thus, inhibition of
CYP1A1l by chromium leads to the production of a PAH
[65].

Poly Aromatic Hydrocarbons play an essential role in
activating cytosolic ligand-activated transcription factors
named aromatic hydrocarbon receptor (AhR) [66]. It forms
the PAH-AhR complex, dissociation of complex inside
nucleus and AhR binds with a nuclear partner (Arnt), this will
interact with the DRE of CYP1Al gene. CYP1Al gene
activates, and its expression is causing bioactivation of
exogenous pro-carcinogens of both hepatocellular and lung
carcinomas [67].

Cr induced apoptosis by phosphorylating the P53 gene at
serine 3932, down-regulation of several anti-apoptotic genes
from the Bcl2 family and bax, these events adversely destruct
the mitochondria and release the cytochrome C protein
[68,69]. Cr interferes with ATM regulation of apoptotic
pathway and acts as the MAPK kinase in the MAPK kinase
pathway, increasing survival/proliferation in a dose-
dependent manner [70,71].

F. Selenium

It is an essential trace element with a narrow range
between toxic and therapeutic doses. Therefore, its activity is
highly  dose-dependent.  Selenium is detoxified by
methylation through SAM (S-Adenosylmethionine) pathway
as arsenic does. This increase in the competition between
these two elements for methyl groups leads to increased
arsenic retention in tissues [72]. SeC (Selenocysteine) have
shown more anti-carcinogenicity in lung cancer model
system than another inorganic compound. In contrast with
selenomethionine, Selenocysteine decreases cellular reduced
thiol agents like N- acetylcysteine (NAC) and GSH, thus
increasing the ROS formation [73].

Proteins containing selenium elements induce apoptosis
pathways through caspase activation. Another form of
selenite and selenomethionine predominantly activates
apoptosis through P53 activation and anti-apoptotic
inactivation. They produce ROS (reactive oxygen species),
ROS disturbs ATM and ATR apoptotic pathway and can
activate p53 in MCF-7 human breast cancer cells and human
prostate cancer [74]. The Se- MSC (Se-methyl
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selenocysteine) shows its anti-carcinogenic activity; on the
other hand, its up-regulation of some extracellular matrix
proteins such as collagen type 6 alpha 1 (COL6A1) and
collagen type 4 alpha 5 (COL4Ab) genes in a human prostate
cell line [75].

G. Zinc

Zn (essential trace element) is involved in Vvital
bioprocesses. Zn's main source is diet (primary food sources
are milk, flesh food, cereals, and vegetables), and its levels in
animal products depend on the soil and water concentrations
where the animals are cultivated. The recommended daily
intake for men ranges from 5.2 to 16.2 mg/day [9]. Serum Zn
levels in healthy individuals are maintained by homeostatic
mechanisms within a narrow range (12-15 mmol/l, 78-98
mg/dL) [76].

The only biomarker of Zn status in the population can be
drawn from the level of Zn concentration in serum, as
recommended by WHO/UNICEF/IEA/IZINCG, and reflects
dietary zinc intake and predicts responses to zinc metal
interventions in various biochemical processes.

It had been shown that there is a positive correlation
between Zn dietary intake and prostate carcinogenesis in a
large multicentre hospital-based case-control study conducted
in Italy [77]. Several other factors should be considered as
they alone or may affect serum Zn levels like nutritional
status, race, clinical conditions, lifestyle, chronic stress,
aging, inflammation [78,79].

Here, all the data currently available from various
epidemiological studies aim to refine the correlation between
Zn concentrations in various biological samples (dietary,
serum, toenails, hairs) are inconclusive. Therefore, in the
future, for conclusive results, we likely need more extensive
prospective epidemiological studies with repeated collection
overtime which better reflect long-term exposure [80,81].

Zn has a fundamental role in human metabolism. Beyond
Iron, Zinc is the central metal ion present in the human body
and has three major biological roles: structural, regulatory,
and catalytic [82]. In mammalian biological systems, zinc is
present in three forms: the first (bound to proteins is
approximately 54% of the Zn pool and is the non-
exchangeable and non-reactive part); the second (loosely
bound to a ligand and is an exchangeable reactive pool of Zn
(44.7%)); and the third (the reactive pool of Zn or the free Zn
(less than 1%)). It stabilizes the structure of many proteins
and DNA, RNA, and ribosomes, is a component of more than
3000 transcription factors, and is a cofactor of various
enzymes [83].

Suggesting that Zn is essential for prostate functions, a
study shows zinc concentration varies in different organs, but
the highest concentration is found in the prostate tissue three
times higher than in other mammalian cells and100 times
higher than in plasma [84]. Some of the data correlate with
the zinc's different intracellular content. High levels of Zn
and citrate are essential constituents of prostatic fluid

principally produce by the human prostate gland. The
epithelial cells of the gland's peripheral zone. Its import is
regulated by the ZIP1 gene [85]. A plasma membrane
transporter is localized in the basolateral and apical cell
membrane. Since its uptake mainly determines total
intracellular Zn from the extracellular fluid, the cells need to
have functionally active ZIP1 transporters. ZIP1 expression is
high in normal prostate cells, while it is downregulated in
prostate cancer cells owing to epigenetic silencing of ZIP1
[86].

The cellular concentrations of zinc in prostate cells,
maintained by the Zn influx, have necessary inference on cell
metabolism in both standard and cancer prostate cells [87].
Undeniably, in normal prostate cells, the highest intracellular
Zn concentrations have been observed in the intra-
mitochondrial compartment. At this level, the inhibition of
the mitochondrial aconitase. It is induced by zinc [76].

In contrast, in prostate cancer cells where the intracellular
zinc concentrations are low, the conversion of citrate to
isocitrate is fast and cannot accumulate, and this event is a
more energy-efficient mitochondrial activity of prostate
cancer cells. Zinc levels are much lower In androgen-
independent prostate cancer than those in an androgen-
dependent state [88].

H. Copper

Many essential enzyme systems require copper minerals to
function correctly, and disruption of Cu homeostasis is linked
with several complex diseases [89]. Good sources of dietary
Cu are liver and other organ meats, seafood, nuts, and seeds.
The median intake of Cu from the diet ranges from 1.0 to 3.0
mg/day for adults. Traditional Cu homeostasis indicators are
serum, hair, and nails Cu levels [90]. Studies suggest that
high Cu levels may increase prostate cancer risk because Cu's
concentration for the cancer group was higher than that for
the healthy group [91,92,93].

Copper is present as a cofactor for the essential enzymes
such as cytochrome oxidase, superoxide dismutase, ascorbate
oxidase, and tyrosinase [94]. Dyshomeostasis of Cu plays a
significant role in human diseases, including cancer.
Different Cu dysregulation mechanisms can exert toxicity
through, including protein interference, proteasome
inhibition, and displacing other functional metals (such as Zn
and Fe). It has a strong inference in angiogenesis, a critical
step in cancer progression and proliferation, and it
participates as a cofactor of several angiogenic factors
(VEGF, FGF, ILs) [95]. At the intracellular level, Cu
regulates various signal transduction pathways associated
with insulin-like growth factor-1 (IGF-1), mitogen-activated
protein kinases (MAPK), protein ubiquitination, NF-kB,
hypoxia, epidermal growth factor (EGF) [96,97,98].
Increased Cu ions have been detected in different cancer
tissues, including prostate, breast, colon, lung, and brain.
Some studies reported high Cu levels (2-6 fold) in prostate
cancer patient cell lines (in vitro), and prostate cancer cells
express increased levels of hCTR1 transporter, thus up-
regulating Cu influx [99]. Increased Cu uptake in AR-
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positive cancer cells has also been linked to the androgen
receptor (AR) as androgen treatment [94].

. Iron (Fe)

Iron is the most abundant transitional metal in the human
body. Dietary Fe is found in heme (most easily absorbed) and
ionic (non-heme) forms and the primary source is food
intake, especially from meat and legumes. High dietary Fe
intake can be a source of reactive oxygen species (ROS) and
potential carcinogens, such as N-nitroso compounds (NOC),
that adversely affect DNA and are linked to several cancers,
including prostate cancer. These reports suggest that high
levels of Fe in these biological samples may represent a risk
factor for prostate cancer [100].

An increased requirement for Fe and Fe regulation
proteins are often deregulated in cancer cells and play a
significant role during the tumorigenesis [101]. Fe outflux
from the cell may be reduced in prostate cancer cells [102],
that govern through ferroprotein (a transmembrane
transporter protein), and its intracellular decrement of Fe is
associated with decreased prostate cancer cell differentiation
and a high degree of malignancy. The expression level of
ferroprotein increases in benign prostatic hyperplasia (BPH),
confirming that ferroprotein plays a role in prostate
carcinogenesis [103].

I11. HEAVY METALS AS POTENTIAL PREVENTIVE
AND THERAPEUTICAL AGENTS FOR PROSTATE
CANCER

A. Inactivation

The elimination and inactivation of metals can prevent
deleterious effects. Alternatively, chelating agents can be
efficiently administered for various human metal intoxication
[104]. The main chelating agents used to treat metal
intoxications are ethylene diamine tetraacetic acid (EDTA)
[105], dimercaprol (BAL) and BALglucoside [106,107], D-
penicillamine,23 and deferoxamine [108], dimercaptosuccinic
acid (DMSA) and dimercaptopropionic sulfonate (DMPS)
[109].

Despite that these chelating agents are helpful for the
detoxification of heavy metals, they have many side effects (,
for DMSA and DPMS: gastrointestinal discomfort, for
EDTA: renal system toxicity, BAL: hypertension,
tachycardia, thrombocytopenia, nephrotoxicity, for D-
penicillamine: glomerulonephritis and hypersensitive allergic
reactions, etc. Thus, it is prudential to analyze new
compounds used explicitly to treat poisoning from toxic
metals tolerable by the human body without side effects
[106,109].

B. Zinc therapies

Several studies have demonstrated that zinc can be
effectively used as a preventive and therapeutical agent in
prostate cancer. Zn supplements were linked with a reduced
risk of prostate cancer. Ranges of Zn supplements intake up
to 100 mg/day were not associated with prostate cancer risk.
The intake of supplemental Zn > 100 mg/day and

supplemental Zn for ten years had a more than doubled
relative risk of advanced prostate cancer. These data may
suggest that Zn's excessive supplementation may have an
undesirable effect on prostate health [86,110].

Some of the preclinical studies suggest that Zn may also
have complex effects on prostate cancer cells. Indeed, Zn
ions elicit apoptotic effects in prostatic cancer cells for short-
term and long-term exposure [111]. In prostate cancers,
reduced Zn content is found; some studies have addressed the
possibility that increasing intracellular influx of Zn ions via
transporter ZIP1 could exert tumor-suppressing actions at
early stages carcinogenesis [86]. Distressing Zn concentration
homeostasis in prostate cancer cells, either by increasing Zn
intracellular concentration with clioquinol, chloroquine, and
possibly other Zn ionophores or by reducing Zn even further
with chelators, deserve further studies in designing new
therapies for castration-resistant prostate cancer [82,95].

B.Copper therapies

Interestingly, Cu ionophores seem to elicit selective
toxicity against malignant prostate cells. Copper levels may
sensitize prostate cancer cells to the action of ionophores,
which increase the intracellular Cu and may constantly
redistribute intracellular Cu into a cell pool. Therefore,
several Cu-coordinating lipophilic compounds such as
hydroxyquinolines, dithiocarbamates, and
thiosemicarbazones have been proposed as potential drugs
against prostate cancer [94].

V. CONCLUSIONS

Notably, some potential risk factors confounders such as
exposure to various heavy metals or organic contaminants,
dietary variables or nutrients, age, body mass index, alcohol
consumption, and other factors such as cigarette smoking
may also contain heavy metals trace elements with adverse
health effects. At the same time, vitamin supplements may
contain trace elements that affect cancer risk. The available
evidence suggests that the positive association observed
between high Cd exposure, Cu overload, high Fe intake, zinc
uptake, arsenic in nails and urine may be a risk factor for
prostate cancer. Finally, malignantly transformed prostate
cancer cells show clear evidence of Zn and Cu's profound
dyshomeostasis that may affect tumor growth, metabolism,
and resistance to conventional therapies. The use of
ionophores to increase Zn intracellular concentrations appears
promising. Cu cell concentrations also appear critical for
tumor progression. Both Cu deprivation with chelators and
forced intracellular Cu influx may toxic for a prostate cancer
cell; overall, the epidemiological studies linking exposure to
heavy metals to prostate cancer incidence and mortality are
somewhat inconclusive and sometimes contradictory.
Nevertheless, overall, these data should be interpreted with
caution, and more studies should be performed to confirm the
results obtained so far.
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