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Abstract

Background: Metals such as copper and zinc are crucial in several vital functions in the human body; the absence of these metals can
cause serious illness. When in excess, however, they can have toxic effects which may be associated with carcinogenesis, as is described
in the literature. Thus, it is important to realize that without these essential metals in their due proportion, the human body could not
maintain its proper metabolic function. Methods: The main goal of this paper was to compare qualitatively and semi-quantitatively the
amount of both copper and zinc present in the tumor tissue (tissue from patients who had undergone partial or radical nephrectomy) and
in the control tissue (which was adjacent to the tumor tissue). This study was carried out using Scanning Electron Microscopy coupled
with X-Ray Microanalysis (SEM-XRM). Results: There is a different concentrations of copper and zinc in the samples of tumor tissue and
controls that were studied. Conclusion: This work complements previously published results about the presence of metals in the human

body and their probable influence on carcinogenesis.
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Introduction

The majority of the chemical elements that compose the perio-
dic table are present in the human organism; some metals are
even vital to its functioning. Their absence can create deficien-
cies in metabolic functions, leading to serious illnesses, while
their excessive abundance can be toxic. Copper (Cu) and zinc
(zn), along with other heavy metals, are involved in metabolic
processes which regulate energy production. However, despite
the fact that they are essential, their high levels cause a toxic
effect which can ultimately lead to carcinogenesis. Thus, the aim
of this work was to compare the chemical content of these me-
tals in tumor tissue and control tissue (adjacent to the tumor).

Copper (Cu) deficiency is a rare condition in human beings since
almost all diets have at least some quantity of this metal and it
is essential in low doses only (the recommended value is 0.9mg
per day)." Non-occupational exposure is through ingestion but po-
pulations can also be exposed by inhalation or skin contact since
copper can be found in surface waters due to the increasing utiliza-
tion of the element in aquaculture to control algae and pathogens.>

Previous studies showed that in individuals who smoke, the-
re is a higher level of plasmatic Cu; similar findings occur in
patients with arteriosclerosis and in patients with periphery
arterial disease.>> Despite all of these considerations, it is
in the study of tumors that the Cu dosage has more interest
as its concentrations have been proven to be higher in renal
clear-cell carcinoma samples, contrarily to what occurs in liver
tumors.® Therefore, this metal was chosen to study since it is
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essential to consider the problems related to the ingestion,
absorption, and transport of Cu in the blood stream, and the
resultant possible toxic effects associated with Cu.

The primary toxic effects of Cu manifest in the liver as this
is the organ where Cu accumulates after entering circulation.
However, one of the most studied illnesses caused by these
toxic effects is cancer since it results from a series of mole-
cular events that change the normal cell properties. This also
happens when cells are exposed to elevated levels of heavy me-
tals as these are susceptible to redox reactions, consequently
promoting the formation of reactive oxygen species (R0S). Some
research has already attributed Cu toxicity to a propensity for
its ions to contribute to the development of ROS, a process that
transforms the structure and/or function of crucial molecules.’
Hence, this relationship is vital in order to understand carcino-
genesis as a result of excessive exposure to metals since excess
Cu can also induce oxidative stress by decreasing glutathione
levels.” Thus, it can be concluded that even if Cu is essential
to the functioning of the human organism, it brings about pro-
blems when it is deficient and it can also lead to toxicities when
in excess that could induce carcinogenesis.

Zinc (zZn) compounds exist in many objects as they are widely
used by the pharmaceutical industry.® This metal is essential not
only for humans but for all living organisms as it is a constituent
of about 300 enzymes and even more proteins. As a result, it
plays a central role in human health given that there are nume-
rous biological processes that require the sufficient availability
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of zinc.® There is no stored form of Zn in the human body;™ it is
hypothesized that the total amount of Zn in the body is 2 to 4g
and the recommended daily values are approximately 8 to 11mg
in the United States and 9.4 to 1omg in Europe."

This heavy metal is also essential for the normal functioning of
the immunological system and for infantile development since
a deficiency in this metal is a limiting factor for growth.” It
is important for immuno-competence and it is responsible for
maintaining both macrophage and neutrophil functions, as well
as for the activation of natural killer cells and the phagocytic
function of granulocytes.”> When this element is deficient, the
mucosal barrier in the gastrointestinal tract and pulmonary
tract is compromised, increasing the susceptibility to infec-
tions.> A deficiency in Zn can also emerge in individuals who
suffer from inflammatory diseases of the small intestine, renal
disease, burns, and some forms of cancer, among others.'3"
Although the precise role of Zn in the regulation of apoptosis
is not yet fully known, one of the origins for the loss of immu-
nological responses is the increase in apoptosis regulated by
Zn.” Some researches have shown that Zn can either be pro- or
anti-apoptotic (depending on the concentration) and that both
the deprivation and excess of this element could induce an
apoptotic event in the same cell line.?

Metallotheionins are zinc-binding proteins and play relevant
roles in Zn-mediated immunological processes; they also act
as a cellular defense against partially reduced oxygen.™ A large
number of studies have established that Zn inhibits the phago-
cytosis and reduces the discharge of oxyradicals and the pro-
duction of superoxide and hydrogen peroxide.”> However, there
could even be an increase in ROS due to a G-protein coupled
system activated by Zn.” Moreover, the dislocation of this metal
from zinc-binding structures (for example, finger structures in
DNA repair enzymes) may be even be a more important me-
chanism in carcinogenesis compared to other metals that have
well-described carcinogenic roles.? A rather explored example of
the involvement of Zn in cancer development is prostate cancer.’

It should be noted that Zn is one of the trace elements that par-
ticipates in the foremost biological functions, depending on a
complex and precise homeostatic control, on both cellular and
systemic levels. Thus, its importance to the human organism is
what made it an appropriate choice for discussion in this study.
Nevertheless, as previously mentioned, humans do not pos-
sess any Zn stores; as a result, the dietary acquisition of this
element is essential. The toxicity is rare and exceptionally fa-
tal; however, on the other hand, the scarcity is quite frequent,
especially in individuals with alimentary restrictions or chronic
diseases. Based on this, Zn consumption must be in the ideal
proportions as high levels of Zn can lead to carcinogenesis.

In summary, the main goal of this study is to investigate the presen-
ce or absence of these two heavy metals in samples of renal tumor
tissue and to compare these levels to adjacent normal renal tissue.

Methods

Given that the renal tumor is the most well described tumor
related to the exposure to heavy metals, several samples of
tumor and control tissue were collected from the kidneys of
seven patients (one female and six males; ages ranging from

46 1o 78 years old) that were submitted for radical or partial
nephrectomy. These samples were studied and compared in
their chemical composition for the essential metals copper and
zinc. This study was approved by the local ethics committee
of Centro Hospitalar de S. Jodo, E.P.E. and patient consent was
obtained from all participants.

Electron microscopy allows the observation and characteriza-
tion of large surfaces in thick samples as well as the cha-
racterization of the qualitative and semi-quantitative aspects
of their chemical content. In this investigation, the Scanning
Electron Microscopy was coupled to X-Ray Microanalysis (SEM-
XRM); this enabled images to be obtained with magnifications
ranging from 10X to 500 0ooX. A JEOL-6301F coupled with Noren
Voyager X-ray with EDS (Energy Dispersive Spectrometry) de-
tection system was used with which it was possible to detect
the presence of different heavy metals in the samples if they
had a concentration above 0.2-0.3%. The samples were prepa-
red by following an adapted protocol from Cunha et al. where
the samples were fixed in a 3% glutaraldehyde solution and
subsequently dehydrated in ethanol and critical point-dried in
a Balzer’s apparatus.’ The preparation was mounted on metal
stubs and coated by carbon under a vacuum.

To our knowledge, this technique has not been used before to
study the presence or absence of heavy metals in tumor tissue.
This process allows one to qualitatively identify all the metals
that are on the surface of the tissue. Among all of the elements
detected, Cu and Zn were chosen for study because even though
they are heavy metals (and thus usually considered maleficent),
they are also essential to the functioning of the human organism
in the appropriate concentrations, as previously mentioned.

By using the SEM-XRM technique it was possible to obtain microa-
nalysis spectrums (qualitative and semi-quantitative) of the focu-
sed zones due to backscattered electrons, and the topographic
visualization of the tissue surface due to secondary electrons.
First, all the samples (tumor tissue and control samples) were
processed using secondary electrons which allowed for the vi-
sualization of white spots that corresponded to the deposition of
heavy metals (particles with high molecular weight) in tumor tis-
sue samples. Then, the identification of these heavy metals in all
of the opaque inclusions was made by the screening of the spots
with X-ray elemental microanalysis in order to determine which of
them contained heavy particles. Thus, this innovative technique
allowed for the in situ identification of heavy metal particles.

Despite the limited number of patients, it was possible to test the
association between the tumor and control tissues and the presen-
ce or absence of Zn and Cu using the Pearson's Chi-squared test in
the R statistical software (R Development Core Team, 2011).

Results

The patients in the study had three different types of renal
cancer: clear-cell carcinoma (6 patients), and adenoma and pa-
pillary cell carcinoma (both in one patient but in two different
pieces that were collected from the same kidney).

The results obtained demonstrate that the chemical composi-
tion of Cu and zn in the tumor tissue (Figure 2A and Figure 2B)
is different from the one in the control tissue (Figure 1A and
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Figure 1B) (2 = 10.285, df = 1, p-value = 0.0013). It was verified
that Cu and Zn were present in the tumor tissue (Figure 2C) but
not in the control tissue (Figure 1C).

The tumor tissue and the control tissue differed in their che-
mical composition, especially regarding the accumulation of Cu
and Zn in the spot marked as Z4 in Figure 2B, which is from the
tumor tissue itself. In the following graphics, there is no Cu and
Zn spike from the X-Ray Microanalysis in the control sample,
corresponding to Figure 1C (performed in the spot marked as
Z2 in Figure 1B). This is contrary to Figure 2C where the spike
can be seen. The control sample did not have these heavy me-
tals, at least in concentrations higher than 0.2-0.3% in mass,
which was not the case in the tumor samples where these
heavy metals were detected.

Discussion

There are numerous essential metals, including Cu and Zn,
required for the necessary functioning of living organisms.
However, even though they are essential for biological func-
tions, they can become toxic in high levels. Heavy metals pose
the most concern for human health because they can easily
accumulate in the organism. Cadmium (Cd), mercury (Hg), lead
(Pb), arsenic (As), and chromium (Cr) have already been des-
cribed and classified as carcinogenic.™

It is vital that the equilibrium is maintained between free radi-
cal production and antioxidant defenses as free radicals are re-
lated to the promotion of carcinogenesis by modifying DNA and
even altering the cellular antioxidant defense system.”” When
the balance tends to favor the generation of these radicals, the
organism is in oxidative stress where lipids, proteins, and DNA
become oxidized, inhibiting their normal function and leading
to several pathologies, including cancer.”®

Currently, cancer is one of the diseases that affects a signifi-
cant portion of the population and it represents a major con-
cern to worldwide health systems. Cancer cells have different
features depending on the type of tumor involved; this allows
them to grow and metastasize to other organs. Tumor cells
grow more rapidly than healthy cells, which is the reason that
this disease spreads so quickly throughout the body. In most
carcinoma types, there is a previous inflammatory disease that
exists prior to the malign alteration. In other cancer types, an
oncogenic alteration induces an inflammatory microenviron-
ment that promotes tumor development. In 2008, Mantovani
et al. published an article stating that cellular inflammatory
mediators are important constituents of a tumor’s local envi-
ronment.18 Thus, when present, the inflammation processes
help promote proliferation and tumor cell survival in addition
to facilitating metastasis.™

The main goal of this investigation was to compare qualitati-
vely the chemical content of both Cu and Zn in renal tumors
and control tissue using the SEM-XRM technique. The results
demonstrate that these heavy metals are present in tumor tis-
sue but absent in control tissue (normal tissue adjacent to
the tumor). Therefore, the results support a notion previously
postulated by Brys et al. and Ogunlewe et al. where different
metals in high levels, whether essential or not, are related to
multi-organ carcinogenesis.’®" In addition, Hardell et al., con-

Figure 1A. Secondary Electron Image from Control Renal Tissue.
Magnification at 4000x.

Figure 1B. Backscattered Electrons Image from Control Renal Tis-
sue. Z2 Corresponds to the Zone where the Chemical Composition
was Obtained by X-Ray Microanalysis. Magnification at 4000x.

Figure 1C. X-Ray Microanalysis (XRM) Spectrum Showing the Ab-
sence of Metals and the Presence of Normal Elements in Control
Renal Tissue (Carbon (C), Nitrogen (N), Oxygen (0), Sodium (Na),
and Sulfur (S) in the Analyzed Zone Marked as Z2 in Figure 1B.
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cluded that there is an increase in Cd, Zn, and Cu levels in
kidneys that have cancer cells.*® Moreover, in 2013 Pirincci et
al., detected high levels of Pb in renal carcinoma patients.”
However, contrary to these findings, Fassina et al., demons-
trated a significant decrease in Cd and Zn concentrations in
all of their studied neoplastic tissues of renal cell carcinoma.?
Karcioglu et al., showed that Cd is not found in tumor samples
but it is normally present in kidney tubular cells. This study
reported that Zn and Cu proportions are reduced in renal tumor
tissues.® Furthermore, Dobrowolski et al. reported low concen-
trations of Cd in renal cell carcinoma and low concentrations
of Pb in the cortex of cancerous kidneys.? A few years later,
Cerulli et al. observed the presence of low concentrations of Cd
but high Pb levels in excised tumor tissue with elevated levels
of both of these two metals in the adjacent (normal) tissue.?
Importantly, the technique that was used in our study had not
been used in the other related studies.

Although renal cancer is the most widely studied cancer re-
lated to heavy metal exposure, research has also examined
heavy metal exposures in other types of cancer. Namely, in
2003 Waisberg et al. published a study demonstrating lung car-
cinoma induction when exposed to Cd.?* In 2012, Natalie et al.,
discovered that the chronic exposure to Cd could also lead to
breast cancer.? In addition, a study examined the association
between Zn intake (as a supplement) and prostate cancer risk,
in which they observed 2901 new cases of prostate cancer in 14
years.? The risk of prostate cancer was found to be increased
by the long-term supplementation of Zn with doses higher than
100 mg/day. This may not, however, be a result of the direct
carcinogenicity of this metal, but rather explained by the im-
munosuppression provoked by the high doses of Zn.?

If our results could be confirmed by future studies, the hypo-
thesis that heavy metals could be the cause or the consequen-
ce of the carcinoma could be further clarified. Namely, additio-
nal research may provide an answer to the question of whether
these elements could be used as biomarkers with prognostic or
diagnostic implications in clinical practice.

As is evident, the precise relationship between heavy metals
and carcinoma is controversial and ambiguous. It is known and
well described that heavy metals are involved in the carcino-
genesis; this fact is widely supported in various publications.
Our study is intended to highlight the presence of the essential
metals Cu and Zn in tumor tissue, likely due to their accumu-
lation over time as an anomalous sequestration of these heavy
metals. However, the technique used to study these metals
may be seen as a limitation as it is qualitative and only se-
mi-quantitative.

Heavy metals are suspected to be a risk factor for the develop-
ment of malignancy. But, at this time, it is unclear if these ele-
ments are either the cause or the consequence of the cancer or
if they are involved in carcinogenic pathways. This work com-
plements previous findings examining the possible relationship
of essential heavy metals with carcinogenesis.

Figure 2A. Secondary Electron Image from Renal Tumor Tissue.
Magnification at 4000x.

Figure 2B. Backscattered Electrons Image from Renal Tumor Tis-
sue. Z4 Corresponds to the Zone where the Chemical Composition
was Obtained by X-Ray Microanalysis. Magnification at 4000x.

Figure 2C. X-Ray Microanalysis (XRM) Spectrum Showing the Pre-
sence of Copper (Cu) and Zinc (zn) in Renal Tumor Tissue in the
Analyzed Zone Marked as Z4 in Figure 2B.
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