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Abstract Cases of colorectal cancer (CRC) have increased
dramatically in Middle Eastern and other Asian countries.
Many studies indicate an important role of environmental fac-
tors, including trace elements as an etiology of cancer. This
study aims to assess the concentration of eight trace elements
in cancerous and adjacent non-cancerous tissues in case of
CRC. In a cross-sectional study, conducted between
March 2015 and February 2016, zinc (Zn), chromium (Cr),
manganese (Mn), tin (Sn), copper (Cu), aluminum (Al), lead
(Pb), and iron (Fe) levels were evaluated among patients suf-
fering from CRC. All the patients underwent a full colonos-
copy. Multiple samples were taken from cancerous lesions and
adjacent healthy tissues that kept a minimum distance of
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10 cm from the lesions. These specimens were kept at
—80 °C. The classic flame atomic absorption spectroscopy
(FAAS) method was applied in this study. The mean age of
the study population was 55.6 £+ 12.8. The median of Zn, Cr,
Cu, Al and Pb in cancerous tissues was significantly higher
than that of healthy tissues (P < 0.05). Nevertheless, the me-
dian of Mn, Sn, and Fe was significantly lower than that of
non-cancerous tissues (P < 0.05). Between colon and rectal
specimens, we did not find a difference between Cr and Al
levels and Zn, Sn, and Cu levels in cancerous and healthy
tissues, respectively. We revealed that gender and history of
smoking may influence the level of some trace elements. We
revealed that the levels of eight elements were significantly
different for cancerous and healthy tissues. This may play a
role in developing CRC. These findings reflect the importance
of environmental pollution in this setting.

Keywords Colorectal cancer - Trace elements - Gender -
Tissue

Introduction

The rate of colorectal cancer (CRC) has dramatically in-
creased in Middle Eastern and other Asian countries in the
recent decades [1], and its incidence is estimated to be more
than 1% [2, 3]. The etiology of this disease is not clearly
understood. However, many studies have emphasized the role
of diet and environmental pollutions. The role of trace ele-
ments has been put in this category [4—06].

Trace elements (TEs) play a key role in cell stabilization
and enzymatic and hormonal activities; they also reduce the
impact of other toxic TEs such as heavy metals like aluminum
(Al) and lead (Pb) [7, 8]. Angiogenesis and oxidative stress
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have been proposed as major factors in the pathogenesis of
colorectal cancer. The amounts of superoxide dismutase
(SOD), glutathione reductase, glutathione peroxidase, as well
as lipid peroxidation products in cancerous tissues were
shown to be associated with concentrations of TEs [9, 10].
Therefore, any variation in their concentrations may lead to
cell damage, DNA injuries, and consequently, mutagenesis. In
line with this, the carcinogenesis may affect TE levels.
Moreover, a single TE may have different roles in different
types of cancer [11]. Although the interaction among TEs is
not fully understood, some studies suggest that variable con-
centrations of essential trace elements, such as zinc (Zn), iron
(Fe), and copper (Cu), may play a role in the pathogenesis of
some types of cancers including colon cancer [11-13]. As Zn
may be involved in telomerase enzyme activity, it may act as
an inhibitor of NADPH oxidase and Cu, Zn-SOD. Cu inte-
grates in many pro-angiogenesis pathways that may be impor-
tant for carcinogenesis. However, there is not sufficient data
concerning the levels of TEs in tissues of CRC patients.
Furthermore, many previous studies have used serum for mea-
suring TEs, but not tissues. In this study, we assess the con-
centrations of eight trace elements in both malignant and nor-
mal colon tissues in CRC patients.

Methods and Materials
Type of the Study

The study was designed as a cross-sectional study of tissue
levels of TEs including Zn, chromium (Cr), manganese (Mn),
tin (Sn), Cu, Al, Pb, and Fe. These were analyzed in patients
with CRC, who had been referred to the Firoozgar University
Hospital between March 2015 and February 2016.

Subjects and Samples

Fifty patients with confirmed diagnosis of CRC by document-
ed pathology reports were enrolled. Demographic, clinical,
and lab data were recorded for each patient. The exclusion
criteria were patients’ reluctance, history of non-CRC malig-
nancies, metabolic or nutritional disorders, use of vitamin sup-
plementations, hormones, chelators, and being on chemother-
apy or radiations.

Colonoscopy

All the patients underwent a colonoscopy. They were sedated
by a certified registered nurse anesthetist (CRNA), under the
supervision of an anesthetist, by using midazolam and
propofol. Patient preparation was administered according to
the standard protocol of the hospital by taking polyethylene
glycol (PEG) orally 24 h before colonoscopy and diet
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restrictions. The procedure was performed by using the
Fujinon colonoscope 2200 (Japan). Multiple biopsies were
obtained from cancerous tissues and normal mucosa at least
10 cm away from the cancerous lesions. These specimens
were immediately transferred into an —80 °C environment
and stored until use.

Assessment of TEs
Instrument

Assessment of TEs was performed using the flame atomic
absorption spectroscopy (FAAS) method with the Varian
Spectra AA240 (Mulgrave, Victoria, 3170, Australia). An
Alpha silver heater and Mettler College 150 balances were
used. The instrument parameters were set for each element
based on the manufacturer’s instruction.

Reagents

All reagents and solvents were obtained from Merck
Company (Darmstadt, Germany). The glassware was washed
by 65% nitric acid and double-distilled water as needed. For
digestion procedures, 65% nitric acid and 30% hydrogen per-
oxide (Darmstadt, Germany) were used. In the next step, stan-
dard solutions for each trace element were prepared as fol-
lows: copper (0.05-3.5 pg/ml), aluminum (1-49.0 pg/ml),
lead (0.05-3 pg/ml), iron (0.05-21.0 pg/ml), chromium
(0.05-3.0 pg/ml), manganese (0.05—4.0 pg/ml), zinc (1.0—
8.0 ug/ml), and Sn (0.05-20.0 png/ml). These solutions were
used for obtaining the calibration curves of such elements at
different concentrations.

Tissue Preparation

The tissue samples were dried at 80 °C for an hour. Also, 65%
nitric acid (15 ml) and 30% hydrogen peroxide (7.5 ml) were
added to the tissue for chemical digestion and stored at lab
temperature (25 °C) for 24 h. Afterward, the solution was
heated until it became gloomy, and 2 ml of 65% nitric acid
and 1 ml of 30% hydrogen peroxide were added. The solution
was then heated again for about 4 h at 50 °C. As many as
50 ml of distilled water was then added to it. The final solution
was then injected into FAAS.

Statistical Analysis

The data was analyzed using descriptive statistics [including
frequencies, ranges, means, and standard deviations (SDs)
through SPSS software, version 20 (IBM SPSS Statistics)].
The Shapiro—Wilk test was used to determine the normality
of the data relating to TEs. The paired ¢ test was used for
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normally distributed variables, while the Wilcoxon test was
used for variables without normal distribution. As many as
95% confidence interval (CI) was reported, and a significant
level was considered to be P < 0.05.

Results

The mean age of patients was 55.6 £ 12.8 (32-85) years.
Table 1 represents the characteristics of the study population.
Table 2 shows the concentrations of TEs in cancerous tissues
and non-cancerous tissues. Median concentrations of Zn, Cr,
Cu, Al, and Pb in cancerous tissues were significantly higher
than those of control tissues. However, the median concentra-
tions of Sn and Fe were significantly lower in cancerous tis-
sues than in non-cancerous tissues (P < 0.05) (Table 3).

As shown in Table 3, based on the location, the median
concentrations of TEs were not the same. In colon cancer,
there was no difference between concentrations of Cr and Al
in cancerous and control tissues. The same was found in the
concentrations of Zn, Sn, and Cu in rectal samples. Table 4
represents the median concentrations of TEs in cancerous and
normal tissues in accordance with the gender. Table 5 illus-
trates the differences of our findings regarding the history of
smoking.

Discussion

Based on previous studies, the variations in levels of TEs in
normal and cancerous tissues may play a causative role in the
development of cancers [14]. This study showed the differ-
ences between concentrations of eight trace elements in can-
cerous tissues compared to adjacent normal tissues in patients
with CRC (Tables 3, 4, and 5).

Trace elements are not homogenously distributed across
human tissues. A few studies have so far addressed the differ-
ences in concentrations of TEs between non-cancerous and
cancerous tissues in patients with CRC. Most studies have
focused on plasma levels or cancerous tissues without
possessing a control tissue. Nevertheless, in a study on tumor-
al and non-tumoral specimens of 38 CRC patients, the con-
centrations of Mn, Sn, Cu, Al, Fe, Mg, Ca, K, P, and S were
significantly elevated in cancerous sites of colorectal tissues,
while the cadmium level was significantly lower in tumoral
tissues as compared to non-tumoral tissues [ 14]. In this regard,
Hornik et al. have demonstrated that the levels of Cu, Fe, and
Sn were significantly higher in cancerous tissues than in the
control samples [15]. Rinaldi et al. similarly showed that mag-
nesium, chromium, zinc, and silicon were statistically elevat-
ed in colorectal tumor specimens compared to adjacent
healthy tissues [13].

Table 1 Characteristics

of the study population Variables Number  Percent
(n=50)
Gender
Male 25 50
Female 25 50
Type of cancer
Colon 34 68
Rectal 16 32
History of smoking
No 25 50
Yes 25 50
Job category
Administrative 21 42
Self-employed 29 58
Age (mean + SD) 55.6+12.8

Gender may have influenced the concentrations of trace
elements in our study. The effect of gender cannot be ex-
plained correctly by current knowledge, but it may be related
to exposure to some types of pollution, variations in defense
mechanisms between two genders, and the number of subjects
or assessment techniques.

Smoking can be considered as an important source of TE
that may cause genetic mutation via DNA damage. In fact,
there are many environmental factors involved in manufactur-
ing of cigarettes that may influence TE levels consequently
exposed to smokers. Table 5 illustrates TE levels among
smokers and non-smokers. Noticeably, Zn, Mn, Cu, and Al
levels among smokers were not significant. This finding was
not comparable to other corresponding studies, even though
there is not enough data in this regard [16, 17].

Iron is a vital element in cell proliferation and oxidative
activities. In the present study, iron levels significantly de-
creased in cancerous tissues, which is consistent with the find-
ings in similar studies [18-20]. Studies have shown that high
serum levels of iron may be associated with CRC. This might
be related to biochemical alteration and inflammatory status in
which a variation in iron metabolism exists as initiators [18,
21]. Furthermore, inflammation may play an important role in
developing cancer. Hence, the role of iron in the inflammation
process, along with a higher metabolism rate in cancer cells,
may induce inflammation. Alteration levels of iron in cancer-
ous tissues can be expected [22].

We found that Mn and Sn levels were lower in cancerous
tissues compared to non-cancerous tissues [13]. One possible
explanation is the over-expression of Mn-related enzymes.
Mn is part of vital enzymes such as manganese-superoxide
dismutase (Mn-SOD). It is also considered a neurotoxin sub-
stance, but its role in some types of cancer and carcinogenesis
pathways is somehow illustrated [23, 24]. The Mn concentra-
tion in patients with cancer has been shown to be higher than
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Table 2 Descriptive statistics of
TEs in cancerous and healthy
tissues (pg/ml)

the control group [25]. Mn-related enzymes play a role in the
maintenance of reactive oxygen species, which is involved in

Table 3 Comparison of TEs (pg/
ml) in cancerous and healthy
tissues with the use of Wilcoxon
signed-ranks test according to the
site of cancer
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TEs Number Median Mean SD Minimum Maximum
Zn in cancerous tissue 50 1.51 1.51 1.79 0.04 11.43
Zn in healthy tissue 50 0.61 1.05 1.41 0.00 6.83
Cr in cancerous tissue 50 0.18 0.17 0.12 0.00 0.80
Cr in healthy tissue 50 0.09 0.12 0.08 0.00 0.40
Mn in cancerous tissue 50 0.005 0.008 0.008 0.00 0.02
Mn in healthy tissue 50 0.006 0.03 0.06 0.00 0.25
Sn in cancerous tissue 50 0.00 0.27 0.42 0.00 1.50
Sn in healthy tissue 50 0.56 1.70 1.86 0.00 545
Cu in cancerous tissue 50 0.14 0.17 0.08 0.08 045
Cu in healthy tissue 50 0.11 0.12 0.05 0.02 0.29
Al in cancerous tissue 50 8.90 7.95 4.71 0.00 15.40
Al in healthy tissue 50 4.00 5.61 436 0.00 17.10
Pb in cancerous tissue 50 0.05 0.09 0.14 0.01 0.63
Pb in healthy tissue 50 0.04 0.04 0.04 0.00 0.10
Fe in cancerous tissue 50 0.44 2.17 4.45 0.00 18.59
Fe in healthy tissue 50 3.34 6.59 6.02 0.13 19.86

the development of CRC. Mn-SOD may induce p53-
dependent pathways in CRC [9, 26, 27]. In addition, Sn is

Site of cancer TEs Cancerous tissue Healthy tissue Wilcoxon Z test P value
Total Zn 1.51 0.61 —2.29% 0.022
Cr 0.18 0.09 -3.12% 0.002
Mn 0.005 0.006 -1.51° 0.130
Sn 0.00 0.56 -3.61° <0.001
Cu 0.14 0.11 -3.15° 0.002
Al 8.90 4.00 -2.39° 0.017
Pb 0.05 0.04 -2.58° 0.010
Fe 0.44 3.34 -3.76* <0.001
Colon Zn 0.12 0.00 -3.36" 0.001
Cr 0.17 0.16 —1.13* 0.259
Mn 0.00 0.02 -3.68" <0.001
Sn 0.00 2.87 -3.11° 0.002
Cu 0.14 0.14 -1.74° 0.083
Al 3.6 42 - 0.99
Pb 0.09 0.04 -3.63° <0.001
Fe 0.6 2.86 —-1.80% 0.072
Rectum Zn 1.61 1.85 —0.88° 0.379
Cr 0.19 0.08 -3.52% <0.001
Mn 0.02 0.004 -3.23% 0.001
Sn 0.00 0.00 -1.01* 0314
Cu 0.14 0.13 -1.02° 0.307
Al 10 2.9 —3.48° 0.001
Pb 0.0 0.06 -2.33* 0.0
Fe 0.15 13.06 -3.26* 0.001

*Based on negative ranks

®Based on positive ranks
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Table 4 Comparison of TEs (pg/

ml) in cancerous and healthy Gender TEs Cancerous tissue Healthy tissue Wilcoxon Z test P value
tissues with the use of Wilcoxon
signed-ranks test according to the ~ Male Zn 1.54 0.76 —2.09% 0.037
gender of patients Cr 0.18 0.079 -2.01° 0.045
Mn 0.005 0.005 -1.25° 0211
Sn 0.10 0.40 -1.53% 0.126
Cu 0.15 0.11 -3.16° 0.002
Al 10 3.60 —-1.72° 0.085
Pb 0.06 0.04 —2.25° 0.025
Fe 0.59 8.57 -3.32°% 0.001
Female Zn 1.46 0.25 -1.31°7 0.192
Cr 0.19 0.13 -2.38% 0.017
Mn 0.008 0.007 -0.94° 0.346
Sn 0.00 2.87 -3.25° 0.001
Cu 0.14 0.14 -1.20° 0.230
Al 6.90 4.00 -1.50° 0.135
Pb 0.039 0.039 -1.50° 0.135
Fe 0.28 2.37 -1.90* 0.058

#Based on negative ranks

®Based on positive ranks

mainly found in extra-intestinal organs such as the lung, liver,
and kidney. There is insufficient data regarding this element
and its role in colon cancer. In our study, we showed a con-
siderable difference in concentrations of Sn in two sets of
specimens. Also, the concentration of Sn in colonic tissues
was higher in women—in fact, whether the affinity of Sn to
colonic tissue in female patients is higher than male patients

needs further investigation. Although tin is not usually con-
sidered as a carcinogenic element, previous studies demon-
strated that the incidence of lung cancer increased in patients
who were exposed to the tin element [28, 29].

On the other hand, we showed that cancer tissues have
significantly higher contents of Zn, Cr, Cu, Al, and Pb
(P < 0.005). There is limited data regarding these elements

Table 5 Comparison of TEs (pg/

ml) in cancerous and healthy Gender TEs Cancerous tissue Healthy tissue Wilcoxon Z test P value
tissues with the use of Wilcoxon
signed-ranks test according to the ~ Smoker Zn 1.57 0.65 -122° 0.221
history of smoking of patients Cr 0.18 0.13 -2.38° 0.017
Mn 0.00 0.007 —1.49° 0.139
Sn 0.00 0.42 -237° 0.018
Cu 0.14 0.13 -1.53° 0.126
Al 8.9 4.00 -1.48° 0.139
Pb 0.05 0.04 -2.07° 0.038
Fe 0.059 7.9 -2.30% 0.021
Non-smoker Zn 1.46 0.38/ -2.11% 0.035
Cr 0.19 0.08 -1.87% 0.061
Mn 0.01 0.005 -0.71° 0.480
Sn 0.00 1.47 -2.71° 0.007
Cu 0.14 0.10 -2.86° 0.004
Al 8.90 2.90 —2.04° 0.041
Pb 0.05 0.04 —1.54° 0.122
Fe 0.28 2.86 -3.30% 0.001

*Based on negative ranks

®Based on positive ranks
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in CRC. It was reported that Cu and Zn are cofactors of SODs
and involved in some enzymes that protect the cells against
the free radicals. The elevated level of copper in cancerous
tissues in our study is consistent with findings from the previ-
ous studies [14, 30]. An excessive level of Cu can directly, or
through ROS, damage DNA. In addition, these metallic ions
play an important role in angiogenesis as well as in the prolif-
eration and migration of endothelium—all these are important
in carcinogenesis [31-36].

Zinc is an essential element in cell growth, differentiation,
and apoptosis and immune functions. Zinc deficiency may be
secondary to agriculture, as it has been estimated that more
than 7% of the general population in our region suffer from
zinc deficiency. It is also associated with some problems such
as weight loss and hypogonadism. This ion has an effect on
mitogenic and antioxidant activities [37, 38]. Studies have
shown that a low zinc diet may increase the rate of the devel-
opment of adenoma and that rich-zinc diet is associated with
lower susceptibility to cancer [13, 14, 39-41]. It was previ-
ously reported that some conditions, such as obesity and hy-
pothyroidism, may be associated with low Zn levels [42, 43].
In this setting, Baltaci et al. revealed that serum and tissue
levels of zinc among patients with thyroid cancer were lower
than those in the control group—this could be associated with
cancer development [44]. In the present study, the accumula-
tion of zinc in cancerous tissues was observed. We cannot
offer an exact explanation, but this discrepancy might be re-
lated to the number of subjects, the method of analysis, and the
real difference between target populations. It may be related to
the irregular distribution of Zn in the cancerous status.
Therefore, the etiologic correlation between Zn levels and
CRC needs more investigation.

In our study, the concentration of aluminum was notably
elevated in cancerous tissues, which is consistent with other
reports [13, 45]. We also showed increased levels of Al in
female patients and in recto sigmoid tissues. Further investi-
gation is required to explore the significance of such findings.
Even though aluminum is a contributor in oxidative stress in
animal studies, it has a biologically toxic effect on human
tissues [46, 47].

We also showed a high level of Cr in cancer tissues. There
is a discrepancy in the literature discussing the concentration
of Cr in cancer tissues. Some studies have shown similar re-
sults, but some others have revealed lower concentrations of
Cr in cancerous tissues as compared to non-cancer tissues [13,
14, 48]. The importance of Cr can be attributed to its role in
angiogenesis as well as in producing ROS in the body and the
consequent DNA damage. These events happen via different
signaling pathways, such as NF-kB, p53, GADDA45, G pro-
teins, and Src kinase, involved in cell proliferation and differ-
entiation [49, 50].

Pb has been the subject of many studies. Although the role
of lead in carcinogenesis is highly suspected, there is no
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consensus regarding its concentration and role in colorectal
cancer. In our study, Pb concentration was higher in cancerous
tissues as compared to the non-cancerous ones. This finding
was in contrast to other corresponding studies [13, 14, 40]. Pb
has been shown to have several roles including oxidation and
inhibition of DNA repair; it also induces cellular inflammato-
ry response by increasing IL-8, which enhances the angiogen-
esis [51, 52].

In general, the concentration of trace elements in colon and
CRC tissues may reflect endogenous and/or exogenous
sources and may be eventually involved in cellular activities.
Several studies have shown the association between environ-
mental pollution, such as Pb, Zn, Fe, and Mn, and gastroin-
testinal diseases and cancers [23, 53, 54]. In addition, we
cannot rule out the effects of cancer on concentrations of these
elements.

Conclusion

There is limited data regarding concentrations of trace ele-
ments in cancer and non-cancer tissues in CRC patients. We
showed different concentrations of eight elements in cancer
and healthy tissues from the same patients, which might have
avoided the risk of bias due to environmental factors. Larger
studies are warranted to explore the role of each element in the
carcinogenesis of CRC. Our findings suggest that any alter-
ation in concentrations of trace elements may play a role in the
malignant transformation of normal colonic mucosa.

Compliance with Ethical Standards This study was approved by the
Ethics Committee of Iran University of Medical Sciences with ID
IR.IUMS.REC.1395-25881. All subjects signed their informed consents
before participation. The researchers were committed to the principles of
the Declaration of Helsinki.

Conflict of Interest
interest.

The authors declare that they no conflict of

Supporting Centers This study was supported by the Gastrointestinal
and Liver Disease Research Centre (GILDRC), Iran University of
Medical Sciences, and Department of Analytic Chemistry, Faculty of
Basic Sciences, Tehran Islamic Azad University, North Branch.

References

1. Rabeneck L, Horton S, Zauber AG, Earle C (2015) Colorectal can-
cer. In: Gelband H, Jha P, Sankaranarayanan R, Horton S (eds)
Cancer: disease control priorities, Third Edition (Volume 3). The
International Bank for Reconstruction and Development/The World
Bank(c) 2015 International Bank for Reconstruction and
Development/The World Bank, Washington (DC)

2. Sohrabi M, Zamani F, Ajdarkosh H, Rakhshani N, Ameli M,
Mohamadnejad M et al (2014) Prevalence of colorectal polyps in
a group of subjects at average-risk of colorectal cancer undergoing



Trace Element and Heavy Metal Levels in Colorectal Cancer: Comparison Between Cancerous and Non-cancerous... 7

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

colonoscopic screening in Tehran, Iran between 2008 and 2013.
Asian Pac J Cancer Prev 15(22):9773-9779

Ansari R, Mahdavinia M, Sadjadi A, Nouraie M, Kamangar F,
Bishehsari F et al (2006) Incidence and age distribution of colorec-
tal cancer in Iran: results of a population-based cancer registry.
Cancer Lett 240(1):143-147

Vipperla K, O’Keefe SJ (2016) Diet, microbiota, and dysbiosis: a
‘recipe’ for colorectal cancer. Food Funct 7(4):1731-1740
Bultman SJ (2016) The microbiome and its potential as a cancer
preventive intervention. Semin Oncol 43(1):97-106
Nagao-Kitamoto H, Kitamoto S, Kuffa P, Kamada N (2016)
Pathogenic role of the gut microbiota in gastrointestinal diseases.
Intest Res 14(2):127-138

Al Faris NA, Ahmad D (2011) Distribution of trace elements like
calcium, copper, iron and zinc in serum samples of colon cancer—a
case control study. J King Saud Univ Sci 23(4):337-340

Pasha Q, Malik SA, Shah MH (2008) Statistical analysis of trace
metals in the plasma of cancer patients versus controls. J Hazard
Mater 153(3):1215-1221

Govatati S, Malempati S, Saradamma B, Divyamaanasa D, Naidu
BP, Bramhachari PV et al (2016) Manganese-superoxide dismutase
(Mn-SOD) overexpression is a common event in colorectal cancers
with mitochondrial microsatellite instability. Tumour Biol

Lin Y, Kikuchi S, Obata Y, Yagyu K (2002) Serum copper/zinc
superoxide dismutase (Cu/Zn SOD) and gastric cancer risk: a
case-control study. Jpn J Cancer Res 93(10):1071-1075

Navarro Silvera SA, Rohan TE (2007) Trace elements and cancer
risk: a review of the epidemiologic evidence. Cancer Causes
Control 18(1):7-27

Linder MC (2012) The relationship of copper to DNA damage and
damage prevention in humans. Mutat Res 733(1-2):83-91

Rinaldi L, Barabino G, Klein JP, Bitounis D, Pourchez J, Forest V
et al (2015) Metals distribution in colorectal biopsies: new insight
on the elemental fingerprint of tumour tissue. Dig Liver Dis 47(7):
602-607

Lavilla I, Costas M, Miguel PS, Millos J, Bendicho C (2009)
Elemental fingerprinting of tumorous and adjacent non-tumorous
tissues from patients with colorectal cancer using ICP-MS, ICP-
OES and chemometric analysis. Biometals 22(6):863-875

Hornik P, Milde D, Trenz Z, Vyslouzil K, Stuzka V (2006) Colon
tissue concentrations of copper, iron, selenium, and zinc in colorec-
tal carcinoma patients. Chem Pap 60(4):297-301

Khan N, Afridi HI, Kazi TG, Arain MB, Bilal M, Akhtar A et al
(2016) Correlation of cadmium and magnesium in the blood and
serum samples of smokers and non-smokers chronic leukemia pa-
tients. Biol Trace Elem Res

Afridi HI, Kazi TG, Kazi N, Kandhro GA, Baig JA, Jamali MK et al
(2011) Interactions between cadmium and zinc in the biological
samples of Pakistani smokers and nonsmokers cardiovascular dis-
ease patients. Biol Trace Elem Res 139(3):257-268

Pusatcioglu CK, Nemeth E, Fantuzzi G, Llor X, Freels S, Tussing-
Humphreys L et al (2014) Systemic and tumor level iron regulation
in men with colorectal cancer: a case control study. Nutr Metab 11:
21

Nelson RL, Davis FG, Sutter E, Sobin LH, Kikendall JW, Bowen P
(1994) Body iron stores and risk of colonic neoplasia. J Natl Cancer
Inst 86(6):455-460

Drake EN 2nd, Sky-Peck HH (1989) Discriminant analysis of trace
element distribution in normal and malignant human tissues.
Cancer Res 49(15):4210-4215

Ganz T, Nemeth E (2012) Hepcidin and iron homeostasis. Biochim
Biophys Acta 1823(9):1434-1443

Coussens LM, Werb Z (2002) Inflammation and cancer. Nature
420(6917):860-867

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

Spangler JG, Reid JC (2010) Environmental manganese and cancer
mortality rates by county in North Carolina: an ecological study.
Biol Trace Elem Res 133(2):128-135

Zhang Q, Pan E, Liu L, Hu W, He Y, Xu Q et al (2014) Study on the
relationship between manganese concentrations in rural drinking
water and incidence and mortality caused by cancer in Huai’an
City. Biomed Res Int 2014:645056

Milde D, Novak O, Stuzka V, Vyslouzil K, Machacek J (2001)
Serum levels of selenium, manganese, copper, and iron in colorectal
cancer patients. Biol Trace Elem Res 79(2):107-114

Shwetha SD, Shastry AH, Arivazhagan A, Santosh V (2016)
Manganese superoxide dismutase (MnSOD) is a malignant astro-
cytoma specific biomarker and associated with adverse prognosis
in p53 expressing glioblastoma. Pathol Res Pract 212(1):17-23
Wan C, Ma X, Shi S, Zhao J, Nie X, Han J et al (2014) Pivotal roles
of p53 transcription-dependent and -independent pathways in
manganese-induced mitochondrial dysfunction and neuronal apo-
ptosis. Toxicol Appl Pharmacol 281(3):294-302

Roney N, Abadin HG, Fowler B, Pohl HR (2011) Metal ions af-
fecting the hematological system. Met lons Life Sci 8:143-155
Buononato EV, De Luca D, Galeandro IC, Congedo ML, Cavone
D, Intranuovo G et al (2016) Assessment of environmental and
occupational exposure to heavy metals in Taranto and other prov-
inces of Southern Italy by means of scalp hair analysis. Environ
Monit Assess 188(6):337

Gupte A, Mumper RJ (2009) Elevated copper and oxidative stress
in cancer cells as a target for cancer treatment. Cancer Treat Rev
35(1):32-46

Tarallo V, De Falco S (2015) The vascular endothelial growth fac-
tors and receptors family: up to now the only target for anti-
angiogenesis therapy. Int J Biochem Cell Biol 64:185-189
Lowndes SA, Harris AL (2005) The role of copper in tumour an-
giogenesis. ] Mammary Gland Biol Neoplasia 10(4):299-310
Giacomelli C, Trincavelli ML, Satriano C, Hansson O, La Mendola
D, Rizzarelli E et al (2015) ¢Copper (II) ions modulate angiogenin
activity in human endothelial cells. Int J Biochem Cell Biol 60:185—
196

Grasso G, Santoro AM, Magri A, La Mendola D, Tomasello MF,
Zimbone S et al (2016) The inorganic perspective of VEGF: inter-
actions of cu with peptides encompassing a recognition domain of
the VEGF receptor. J Inorg Biochem 159:149—158

Pizzanelli S, Forte C, Pinzino C, Magri A, La Mendola D (2016)
Copper(Il) complexes with peptides based on the second cell bind-
ing site of fibronectin: metal coordination and ligand exchange
kinetics. Phys Chem Chem Phys 18(5):3982-3994

Duncan C, White AR (2012) Copper complexes as therapeutic
agents. Metallomics 4(2):127-138

Formigari A, Gregianin E, Irato P (2013) The effect of zinc and the
role of p53 in copper-induced cellular stress responses. J Appl
Toxicol 33(7):527-536

VanLandingham JW, Fitch CA, Levenson CW (2002) Zinc inhibits
the nuclear translocation of the tumor suppressor protein p53 and
protects cultured human neurons from copper-induced neurotoxic-
ity. NeuroMolecular Med 1(3):171-182

Carter JW, Lancaster H, Hardman WE, Cameron IL (1997) Zinc
deprivation promotes progression of 1,2-dimethylhydrazine-in-
duced colon tumors but reduces malignant invasion in mice. Nutr
Cancer 27(3):217-221

Bocca B, Lamazza A, Pino A, De Masi E, Iacomino M, Mattei D
et al (2007) Determination of 30 elements in colorectal biopsies by
sector field inductively coupled plasma mass spectrometry: method
development and preliminary baseline levels. Rapid Commun Mass
Spectrom 21(11):1776-1782

Bocca B, Mattei D, Pino A, Alimonti A (2010) Italian network for
human biomonitoring of metals: preliminary results from two re-
gions. Ann Ist Super Sanita 46(3):259-265

@ Springer



Sohrabi et al.

42.

43.

44,

45.

46.

47.

48.

Mohammadi Farsani G, Zabetian Targhi F, Pishgahroudsari M,
Mokhber S, Pazouki A (2015) High prevalence of zinc deficiency
in Iranian morbid obese patients undergoing bariatric surgery. J
Minim Invasive Surg Sci 4(3):¢33347

Baltaci AK, Mogulkoc R, Belviranli M (2013) Serum levels of
calcium, selenium, magnesium, phosphorus, chromium, copper
and iron—their relation to zinc in rats with induced hypothyroid-
ism. Acta Clin Croat 52(2):151-156

Baltaci AK, Dundar TK, Aksoy F, Mogulkoc R (2017) Changes in
the serum levels of trace elements before and after the operation in
thyroid cancer patients. Biol Trace Elem Res 175(1):57-64
Andrasi E, Farkas E, Scheibler H, Reffy A, Bezur L (1995) Al, Zn,
Cu, Mn and Fe levels in brain in Alzheimer’s disease. Arch
Gerontol Geriatr 21(1):89-97

Chappard D (2016) Effects of aluminum on cells and tissues.
Morphologie 100(329):49-50

Vignal C, Desreumaux P, Body-Malapel M (2016) Gut: an
underestimated target organ for aluminum. Morphologie
100(329):75-84

Alimonti A, Bocca B, Lamazza A, Forte G, Rahimi S, Mattei D et al
(2008) A study on metals content in patients with colorectal polyps.
J Toxic Environ Health A 71(5):342-347

@ Springer

49.

50.

S1.

52.

53.

54.

Saghiri MA, Asatourian A, Orangi J, Sorenson CM, Sheibani N
(2015) Functional role of inorganic trace elements in angiogene-
sis—part I: N, Fe, Se, P, Au, and Ca. Crit Rev Oncol Hematol 96(1):
129-142

Ding M, Shi X (2002) Molecular mechanisms of Cr(VI)-induced
carcinogenesis. Mol Cell Biochem 234-235(1-2):293-300

Lin YC, Wei PL, Tsai YT, Wong JH, Chang CM, Wang JY et al
(2015) Pb(2)(+) induced IL-8 gene expression by extracellular
signal-regulated kinases and the transcription factor, activator pro-
tein 1, in human gastric carcinoma cells. Environ Toxicol 30(3):
315-322

Saghiri MA, Orangi J, Asatourian A, Sorenson CM, Sheibani N
(2016) Functional role of inorganic trace elements in angiogenesis
part III: (Ti, Li, Ce, As, Hg, Va, Nb and Pb). Crit Rev Oncol
Hematol 98:290-301

Castiella A, Mugica F, Zapata E, Zubiaurre L, Iribarren A, de Juan
MD et al (2015) Gender and plasma iron biomarkers, but not HFE
gene mutations, increase the risk of colorectal cancer and polyps.
Tumour Biol 36(9):6959-6963

Qiao L, Feng Y (2013) Intakes of heme iron and zinc and colorectal
cancer incidence: a meta-analysis of prospective studies. Cancer
Causes Control 24(6):1175-1183



	Trace Element and Heavy Metal Levels in Colorectal Cancer: Comparison Between Cancerous and Non-cancerous Tissues
	Abstract
	Introduction
	Methods and Materials
	Type of the Study
	Subjects and Samples
	Colonoscopy

	Assessment of TEs
	Instrument
	Reagents
	Tissue Preparation
	Statistical Analysis

	Results
	Discussion
	Conclusion
	References


