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Abstract
The body's elemental/metal loads are known to exert essential influence in maintaining normal and
abnormal metabolism leading to eventual pathology of some forms of cancer phenotypes.
Accumulation of potentially toxic or nonessential trace metals has been observed but not highly
noted as an active factor in toxicogenesis and in the development of many diseases including
cancers. The compositional balance and distribution of trace metals in various body tissues are
essential key players in homeostasis in life. To this end the etiology of diseases including cancer
has been linked with the accumulation of potentially toxic or nonessential trace metals. However,
scarce literature/experimental evidence exist as a scientific proof that metal concentrations play
important role in the etiology and development of cancer phenotypes. The aim of this study was to
investigate the differential relationship of metal concentrations and profiles in cancer and normal
tissues from cadavers of humans. The originated hypothesis was that elemental/metal
concentrations and profiles seen in post mortem will show significant differences between normal
and cancer-derived tissues as well as between various tissue types in humans. This study also
establishes critical elemental/metal profiles that may be relevant in providing correlations with the
development of three major cancers. Normal human and tumor tissues of cadaverous lung, breast
and liver tissues used in this study were obtained from US Biomax Company. Tissue samples
were prepared using standardized digestion procedures necessary for use with the Inductively
Coupled Plasma-Atomic Emission Spectrometry (ICP-AES). This equipment was utilized to
determine the concentrations and profiles of 21 elements including Ag, Al, As, Ba, Ca, Cd, Co,
Cr, Cu, Fe, Mg, Mn, Na, Ni, Pb, Sb, Se, Sr, Tl, V, and Zn. Twelve major elements of Al, Ba, Ca,
Cr, Cu, Fe, Mg, Na, Pb, Se, Sr, and Zn were found to be significantly different in term of their
concentrations/profiles in normal and tumor tissues of human lung, breast and liver. These critical
elements appeared to be respectively five to ten times more abundant in human lung and breast
tumor than in their respective normal tissues. In contrast Ba, Cr, Cu, Fe, Zn, concentrations were
shown to be lower in liver tumors than in normal liver tissues, and that Ca and Na appeared to be
higher in human liver tumors than in normal liver tissues. Data analysis showed significant
variations in elemental concentrations and profiles consistent with the hypothesis. It is concluded
that metal/elemental homeostasis is essential for normal tissue function and that elemental
variations and distributions are tissue specific as well as carcinoma specific. These results are
promising and warrant further studies to confirm/exploit the possibility of manipulating elemental
distribution and content as means for diagnosing/utility as therapeutic modalities in chronic human
disease as well as cancer management.
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Introduction
Lung, liver, and breast cancers are highly prevalent in the United States [1-2]. Many studies
have shown that homeostasis of metals/trace elements are very essential to the development
of the cancer phenotype in many cancers. Essential trace elements are engaged in four major
functions as stabilizers, elements of structure, essential elements for hormone function and
cofactors in enzymes. Studies have also indicated a role for Ba through its toxicity and
involvement in chronic disease with no established evidence in human cancers [3-6].
Calcium is recognized as a messenger in cell signaling and studies have established a role
for Ca2+ as regulators and Ca channels were found to be different in their distribution and
expression in cancer and normal human tissues [7-10. Elevated Fe causes free radicals that
are linked to cancer, heart disease, aging, as well as liver and pancreatic damage [11-12]. It
has also been found that Ni, Cu and Fe concentrations in cancerous human stomach to be
significantly higher than those in non-cancerous stomach tissue samples, and also high Zn
concentrations were found in both paired stomach samples.

Another evidence for the importance of metals and elemental discrepancy is provided
through the upregulation of metallothioneins in many cancers [13, 37]. Sodium (Na)
regulates blood pressure as well as having an established role in cellular homeostasis,
however, there was no established role for Na and Vanadium (V) in human cancer [14-18];
in contrast a role for Zn was established in prostate cancer [19-21]. Generally literature
review shows inconsistency regarding any correlation between metal concentrations and
distribution of varieties of metals in normal and cancerous tissues in human subjects
[23-26]. This study was intended to test the hypothesis that impaired element/metal
homeostasis is important in the development and progression of cancer phenotypes and that
metal body loads/profiles of cancer and normal phenotypes differ significantly in
distribution and content of various tissues. It addresses two objectives: 1. To obtain
experimental data from normal and cancer phenotypes and 2. To analyze and compare metal
profiles from normal tissues to various tumor tissues obtained from human cadavers aimed
at showing differential profiles for the two tissue types.

Among the 21 elements that were detected, Twelve (Al, Ba, Ca, Cr, Cu, Fe, Mg, Na, Pb, Se,
Sr, and Zn) major elements were found to be statistically different in their concentrations
and distribution between tumors and normal tissues. In the lung tumors samples six elements
(Al, Cr, Cu, Fe, Na, and Zn) were found to be higher compared with cadaverous but normal
tissues. In contrast to lung and breast tumors, liver tumors showed lower metal content for
five elements (Ba, Cr, Cu, Fe and Zn) and higher concentrations of Ca, and Na in
comparison to normal liver tissues. Based on experimental data we surmise and support the
notions that trace metal element concentration and distribution play a substantial role in the
homeostasis of normal tissue function to impact the development of various human cancers.
We conclude that our studies showed statistically significant differences in the
accumulation, combination and distribution of metals including trace elements within human
tumor tissues that may pave the way in targeted interventions in diagnostic and therapeutic
management of cancers.

Methods
Samples were obtained as processed tissue blocks representing human normal and tumor
tissues from liver, breast and lung from US Biomax Inc., Rockville, MD. To avoid
contamination, all handling of samples, liquids and open tubes was done in a clean air bench
following OSHA regulations. Before use, the digestion beakers were immersed in 5%
HNO3 24 hrs prior procedure [31]. Digestion procedures involved formalin-fixed blocks
obtained from US Biomax. Tissue blocks were heated in oven at 60°C for 4 hours to melt
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paraffin wax. After that, tissue were immersed in xylene for 10 minutes twice followed by
immersing them in 95% ethanol for 5 minutes twice and then tissues were dried at room
temperature for 24 hours. For first digestion, all collected dried samples were weighted,
divided and placed in 50ml beakers. Ten mls of concentrated 65 % Nitric Acid were added.
Beakers were placed on hot plates for at least 3 hours or until all tissues in the beakers were
completely dissolved and all liquid in the breakers were evaporated. For second digestion, a
few drops of 30 % hydrogen peroxide were added when the beaker was still on the hot plate.
All beakers were removed from the hot plate and allowed to cool down and dry completely.
Ten mls of 5% Nitric Acid was added in each beaker, and transferred to test tubes (10 mls).
for Inductively Coupled Plasma (ICP) analysis. A 5% solution of HNO3 was used for
standard curves and instrument calibrations. Statistical analysis for levels of significance and
normalization of data for comparisons used the SAS statistical Analysis Software (SAS
2008).

Results
Table 1 shows data for normal lung, liver and breast tissues; demonstrating no significant
differences in Ba, Ni, Pb, Se, Mn and V. Nickel and V were detected at very low
concentration and were respectively absent in liver and breast tissues. Calcium was detected
at high levels and showed a 2-4 fold increase in the lung and liver tissues compared to the
breast tissue. Chromium showed 2-5 fold increase in the liver and breast tissues compared to
the lung tissues. Copper showed 2-4 fold increase in the breast and liver tissues compared to
the lung tissue. Iron was detected at very high level and showed 12 fold increases in the liver
compared to the lung and breast tissues. Magnesium was also detected at high levels and
showed 5-14 fold increase in the lung and liver compared to the breast tissue. Sodium was
detected at the highest level and showed 2-3 fold increase for the breast compared to liver
and lung tissues and Sr showed 2-5 fold increase for the lung and liver compared to the
breast tissues. Zinc was detected at the moderated level and showed a 2 fold increase in liver
compared to both lung and breast tissues. Out of the 15 elements detected in normal human
tissues. Al, Cr, Na, Ni and Pb were found to be highest in breast tissues. Barium, Ca, Cu, Fe,
Mg, Mn, Sr, and Zn were highest in the liver. However, Se and V were found to be the
highest in the lung tissue.

Comparing the three tissues for individual elements showed that there is a 5 fold increase in
Al in the lung compared to liver and breast tumor tissues both of which showed no
differences in their Al content. Ca showed more than 2 fold increases in liver and breast
compared to lung tissue. For Cr there is more than 14 fold increase in the breast tumor tissue
compared to lung and liver tumors. There is also 4-8 fold increase in Cu in breast tumor
compared to lung and liver tissues. There is 15 fold increase in Fe content for lung and
breast tumor tissues compared to liver tumor tissues. There is also 2-2.5 fold increase in Mg
content for breast and liver compared to lung tumor tissues. Although, Mn content was low
it showed 1.5-4 fold increase for lung and breast compared to liver tumor tissues. Sodium
content showed the highest content in lung tumor tissues. There is a 3-5 fold increase in
content for breast and lung in comparison to liver tumor tissues. For Ni the content is
generally low and is absent in the liver tumor tissues. There is a 4-8 fold increase in Ni
content for breast compared to lung and liver tumor tissues. Lead showed 2-8 fold increase
in breast and liver compared to lung tumor tissues. Selenium was detected at low
concentration but did not show significant difference within the three tumor tissues and Sr
was detected but showed no significant difference in content in all three tumor tissues.
Vanadium was detected at very low concentration in liver and lung and was not detected in
the breast tumor tissues. Zinc showed highest level and 4-8 fold increase in breast and lung
compared to liver tumor tissues. Among 21 elements tested by ICP in normal and tumor
human tissues, twelve (Al, Ba, Ca, Cr, Cu, Fe, Mg, Na, Pb, Sr, Zn) showed statistically

Farah et al. Page 3

Biomed Sci Instrum. Author manuscript; available in PMC 2013 August 29.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



significant differences, four (Mn, Ni, Se, V) were detected at the low level but showed
statistically significant differences, and six (Ag, As, Cd, Co, Sb, Tl were variably detected at
low level in various tissues but were not statistically significant.

Table 2 shows the ranking of element levels between tumor and normal tissues of the same
and different organs. As can be seen, Na ranked highest in both lung and breast tissues as
well as liver tumor tissues. In contrast, Fe ranked highest in the normal liver tissue and
second in ranking in both lung and breast tumor tissues and third in the normal breast and
liver tumor tissues. Calcium ranked first in the liver tumors and second in normal breast,
normal liver and liver tumors and ranked third in the normal lung and breast tumor tissues.
Zn ranked third in lung tumor tissues and fourth and fifth in normal breast, normal liver and
liver tumor tissues. It also ranked fifth in breast tumor while Mg ranked fourth in this tumor
tissue. Al ranked ninth and Cu ranked tenth in both normal and tumor lung tissues.

Al was detected in both breast and liver tissues. Ba was detected only in both liver tissues.
Fe and Na as well as Cu and Cr were reversed in rank between normal and tumor liver
tissues. Lead (Pb) was detected in both breast tissues and as well, Se, Mg, and Sr. Na, Fe, Zn
and Cu were detected at various concentrations in all tissues. Cr was detected in five tissues
excluding normal lung tissues. Fig 1 showed the normalized profile of three different tumor
tissues in comparison to each other. As can be seen, each tumor tissues has peculiar pattern
of elemental profile indicating that tumor development in various tissues depends on a
different pattern of elemental distribution/content and also indicates different mechanisms of
metal metabolism within these three tumor tissues.

Discussion
The main aim of this study was to evaluate the levels of metal element concentrations in the
lung, breast and liver tissues as possible factors involved into the development or support the
progression of lung, breast, and liver cancer. Cancer progression is a complex multi-step
process that consists of transformation, tumor growth, invasion and metastasis. Processes
involved in element metabolism and homeostasis are related to cancer development and
progression. The clinical/biological testing and interpretation of the role of trace elements in
cancer and analytical technology are currently available to measure and profile elements in
human tissues. Our data showed six elements (Al, Cr, Cu, Fe, Na, and Zn) were found in
extremely higher concentrations in human lung tumor tissues compared with normal human
lung tissues. Literature data [27-30] support that lung cancer patients tend to have a
significant increase in serum Cu and Cu/Zn ratio levels and decrease in serum Zn and Fe
concentrations. Thus lowers of copper and higher amounts of Zn and Fe are measured in
tumor tissues.

Epidemiological studies also confirm that human exposure to soluble chromates also lead to
significantly increased risk of lung cancer; this is confirmed in our studies where elevated Cr
was noted [22-29]. Our results on the human breast tumor tissues have also shown that
concentration of seven elements (Ca, Cr, Fe, Mg, Na, Sr, and Zn) were higher in breast
tumor tissues. However, Pb concentration was lower compared with normal breast tissues.
Samples of normal tissue (5 cm away from tumor) were also taken from cadavers with
malignant tumors. The malignant tissue had the highest levels of four elements to support
our findings for Fe and Zn [33-32 ]. Literature also supported that the regulation of
intracellular calcium is an important signaling mechanism for cell proliferation in both
normal and cancerous cells to support our findings with Ca [36-37].

In normal epithelial cells, free calcium concentration is essential for cells to enter and
accomplish the S and M phases of the cell cycle. Pasha [9] demonstrated that the average
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concentrations of Cd, Co, Cr, Cu, Fe, Mn, K, Ca, and Zn were noted to be significantly
higher in the malignant human breast tissues compared with the benign human breast
tissues. In human liver tumor tissues, we found the concentration of Cr, Fe and Zn
noticeably low compared to normal human liver tissues. Also, Cu and Ba are found to be
lower in human liver tumor than in normal human liver. Only Na was found to be high in all
human tumor tissues of the breast, lung and liver. The interaction between TAMs and cancer
cells could enhance cancer cell growth, invasion, metastasis and angiogenesis by stimulating
cancer cells or express multiple gene products that are involved in the regulation of tumor-
associated angiogenesis, cell cycle, inflammation, signal transduction, invasion, and
activities of protease and adhesion molecules [33-35]. While we have detected ten elements
Na, Fe, Ca, Mg, Zn, Cr, Sr, Pb, Se, Cu, five of which (Ca, Cr, Cu, Fe, and Zn) were
perfectly matched with the literature in term of their concentrations [36]. Moreover, it was
clearly demonstrated that the concentration of various metal elements is relatively high in
most human tumors. The decreasing ratio of Zn/Fe in human breast tumor was matched with
the literature and that Cr was present in lung diseases and tumors in people who were
exposed to this element [37].

Conclusion
Our studies targeted the analysis element/metal profiles of 21 elements using normal and
tumor human tissues of lung, liver, and breast. Standardized digestion and ICP procedures
were used to detect 21 elements including Ag, Al, As, Ba, Ca, Cd, Co, Cr, Cu, Fe, Mg, Mn,
Na, Ni, Pb, Sb, Se, Sr, Tl, V, and Zn. Analysis showed that the most represented elements
(12) in human tumor tissue with high concentration were Al, Ba, Ca, Cr, Cu, Fe, Mg, Na,
Pb, Se, Sr, and Zn content in most organs tested. These elements play essential physiological
roles in homeostasis that is very essential to the development of the cancer phenotype in
many cancers. Among elements with toxic properties, Na showed the highest concentration
levels in all three of the human tumor tissues. Tumor metal profile in human lung tumor has
shown that the concentrations of Al, Cr, Cu, Fe, Na, and Zn were significantly higher
compared to human normal lung. Ten elements (Ca, Cr, Cu, Fe, Mg, Na, Se, Sr, Mn, and
Zn) were found to be significantly high in human breast tumor compared to normal human
breast. Ca and Na were found to be higher in the human liver tumors. Only Na was found to
be high in all human tumor tissues of breast, lung and liver. Al, Na, and Zn were found to be
at highest concentration in human lung tumor. However, Fe was highest in the human breast
tumor and Ca had highest concentrations compared to the other human tumors, and
Vanadium was not detected in human breast tumor, as well, nickel was also not detected in
human liver tumors. We concluded that significant differences in the accumulation,
combination and distribution of metals within human tumor tissues is elucidated and that it
presents a great potential for exploiting this differential to establish diagnostic tools as well
as targeted metal interference therapies for human cancers.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Percentage differences of significant metal Concentrations in lung, breast, and liver
tissues (Normalized)
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Table 2

Comparative Ranking of Elements Low to Highest in Samples.

Tissue Type Metal Element Sequence

Normal Lung
Lung Tumor

Na, Fe, Ca, Mg Ba, Pb, Sr, Zn, Al, Cu, Cr
Na, Fe, Zn, Ca, Mg, Al, Ba, Sr, Cu, Cr

Normal Breast
Breast Tumor

Na, Ca, Fe, Zn, Ba, Mg, Pb, Cr, Sr, Cu, Sr, Se
Na, Fe, Ca, Mg, Zn, Cr, Al, Ba, Cu, Sr, Pb, Mn, Se

Normal Liver
Liver Tumor

Fe, Ca, Na, Mg, Zn, Al, Sr, Pb, Ba, Cr, Cu
Ca, Na, Mg, Fe, Zn, Al, Ba, Se, Sr, Pb, Cu, Cr
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