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Abstract Our work aimed at extending the search for the trace elements (TE)
abnormalities in patients with lung cancer and in healthy controls who smoke, and also
for evidence of a possible association between lung cancer and TE. The analysis of the hair
from patients with Stage-IIIB non-small cell lung cancer (group 1) and healthy controls
(group 2) were analyzed using the inductively coupled plasma mass spectrometry technique
in order to obtain information on the correlation between the lung cancer patients and
healthy controls. Sixty-seven one-hair samples in group 1 were individually collected
before chemoradiotherapy. For comparison, 74 hair samples were collected from group 2.
In group 1, the trace elements present at the highest levels were measured to be Ca, Zn, Sn,
Na and Mg, respectively, and they were quantified as 68.2, 53.2, 33.9, 23.3, and 28.9 μg.
kg−1, respectively. In group 2, the trace elements present at the highest levels were Zn, Mg,
Ca, Fe, and Se, respectively, and they were quantified as 109.7, 31.9, 30.8, 25.0, and
20.1 μg.kg−1. In group 1, the highest levels of Ca, Sn, and Na were 2.03, 1.06, and 1.01
times higher, respectively, compared with group 2. In group 2, Zn, Mg, Fe, and Se were 2,
1.01, 2.7, and 1.6 times higher, respectively, compared with group 1. When the levels of
trace elements were compared between groups 1 and 2 using Student’s t test, the levels of
Ag, Au, Be, Bi, Ca, Cd, Ce, Co, Cr, Cu, Fe, Ga, Hg, K, Ni, Rb, Rh, Sb, Sc, Ti, V, and Zn
were found to be statistically different (p<0.05). According to Pearson’s correlation, the
most powerful correlation was found for Cr–As (r=0.858) couple in group 1 (r=0.745) and
for Mn-Cr couple in group 2. The factors obtained according to converted matrix were
observed to be as follows: for group 1, first factor, ten variables (Cd, Li, Cs, Ag, Rb, Pd,
Ga, Zn, Al, and K); second factor, seven variables (Cr, As, Sn, Co, Ca, Rh, and Fe) and
third factor, four variables (Mn, Au, Cu, and Hg). Within the first factor that best describes
the overall change, the most important variables are Cd and Li, respectively the first and the
second factors. Group 2 contained the following: first factors, six variables, Cr, Mn, Al, Ba,
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Rb, and Pb; second factor, eight variables, Co, As, Sn, Cd, Hg, Cs, Ca, and Ce; third factor,
five variables Na, Ga, Be, B, and Sr; and fourth factor, two variables K and Ag. First,
second, third, and fourth factors explain the 36% of the overall change. Within the first
factor that best described the overall change, the most important variables were Cr and Mn.
In this analysis, we observed that the group 2 trace elements accumulated were heavy
metals and that the control group showed both heavy metals and macroelements
required for the body. The average trace elements levels in the two groups were
evaluated. In addition, the general role of trace elements in the lung carcinogenic
processes was discussed. The study revealed that the carcinogenic processes are
significantly affecting the trace elements and the trace elements distribution in the hair
of lung cancer patients compared with the healthy controls. It was revealed that there
was a relation between lung cancer and trace elements, especially heavy metals. Our
findings suggest that the heavy metals accumulated in the body may pose a high risk
for lung cancer development.

Keywords Lung cancer . Trace elements . ICP/MS . Scalp hair . Healthy controls

Abbreviations
TE Trace elements
group 1 Lung cancer patients
group 2 Healthy controls
ICP/MS Inductively coupled plasma mass spectrometry
NSCLC Non-small cell lung cancer

Introduction

Lung cancer is the most common cancer in men, and cancer itself is the main cause of death
in men worldwide [1]. In Turkey, in particular, its incidence has increased, and lung cancer
is now the leading cause of cancer deaths in Turkish men. In the report published in 1997
by Cancer Control Department of the Ministry of Health in our country, it was revealed that
lung cancer was the first most common cancer among all types of cancer, with a rate of
17.6%. In our country, in which smoking has a high prevalence, lung cancer remains to be
an important public health problem [2]. The fact that tobacco smoking is the cause of this
alarming trend is well known. The scientific literature has been paid to presence of heavy
metals and/or toxic trace elements in tobacco smoke and their possible effects on
biochemical processes in the human body. Chronic adverse effects on human health may, in
later years, result from prolonged intake of such toxic elements, some of which are
powerful carcinogens [1–7].

A large number of epidemiologic studies have been undertaken to identify potential risk
factors for lung cancer, among which the association with trace elements has received
considerable attention. Various changes trace element contents in different biological
samples taken from patients with lung cancer were found accidentally, and development or
initiation of lung cancer has not yet been demonstrated. Determining of total concentrations
of the TE in serum and tissues is unlikely to be a sufficiently sensitive or specific marker.
What might bring about a change in our knowledge is the speciation of the various forms of
trace element found in the organism in relation to lung cancer [4–6, 8–10].

The role of trace elements in the development or inhibition of cancer is still unclear, and
numerous investigations have been carried out on this subject [4, 5, 8–19]. Many of these
studies have focused on heavy elements inducing carcinogenity. Significant differences in
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the concentration of various trace elements in the blood or different tissues cancerous
patients compared with the healthy control have been reported [8–17].

The speciation analysis of trace element concentrations in hair and measurement of trace
element levels may provide more specific information. Hair has been considered a valuable
specimen in the assessment of nutritional status, environmental and occupational exposure
to toxic chemicals, drug abuse, health status, and many other biological and physiological
parameters. The relationship between scalp hair trace element levels and the development
of tumors in the human body has been reported in recent literature, thus prompting further
investigations in this field. Hair trace elements content have also been linked with the
possible future development of disease [9, 13, 15, 18].

In recent years, determining trace elements in biological samples has required the use of
sensitive and selective techniques such as inductively coupled plasma mass spectrometry
(ICP/MS), using sample preparation strategies addressed to shortening and simplifying the
stages previous to analysis. Individuals working in an environment, where exposure to
heavy metals or environmental toxicity such as cigarettes is likely and unavoidable, are
required by their employer to have their hair, blood, or urine analyzed for trace element
toxicity on a regular basis. This monitoring has become a mandatory practice implemented
in an effort to protect individuals from environmental toxicity [20–22].

No screening techniques that use standard clinical radiology, sputum cytology, or
direct biopsies have been proven adequate for lung cancer detection of markers of the
preneoplastic phase of carcinogenesis. Attention to developments in tumor biology has
now turned to detection of preneoplastic phase of carcinogenesis. A focus on
carcinogenesis shifts emphasis toward detection of individual cellular and genetic
markers of potentially reversible progression. Validation of carcinogenesis markers
requires marker detection in premalignant specimens from individuals who later develop
cancer and the absence of the markers from those who remain cancer-free. The
hypothesis of this study was that trace elements in hair may be detected as a biomarker
of lung cancer [14–22].

In this prospective research, we studied the hypothetical benefit associated with 36 trace
elements identified to cancer patients. The main objectives of the present study were, firstly,
the present study was conducted in same areas of Anatolia, Turkey. It investigated the status
of 36 trace elements in the scalp hair samples of biopsy-confirmed cancer patients and
compared with controls. The second main objective of the present study was to find mutual
interrelationships among the selected trace elements in scalp hair.

Materials and Methods

Hair Samples

In order to examine the association between TE expression and lung cancer patients and to
compare TE levels with healthy control stage-IIIB non-small cell lung cancer (NSCLC;
group 1) were treated at the reference Radiation Oncology center in Kayseri Education and
Research Hospital, Kayseri, Turkey. Before the start of this study, all controls and patients
were informed about the aim of the study; all agreed to precipitate and signed a consent
form.

A prospective evaluation of original patients’ or controls’ files was performed, collecting
the following data: physical details, ethnic origin, healthy, dietary habits, age, clinical and
pathologic tumor stage, histology, smoking status, and participation in previous clinical
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trial. Non-smoking individuals were not included. To ensure uniformity, all patients and
controls chosen were from the same ethnic background (Anatolia) and geographic origin
(living in central of Turkey). The study protocol and ethical aspects were approved by the
Ethics Committee of the Research Council, Dean of Research, Erciyes University School of
Medical Sciences.

The inclusion criteria for the patients were: (a) cases of lung cancer proved by
histopathology, (b) cases not having undergone any specific treatment for lung cancer, (c)
cases not suffering from concomitant diseases such as diabetes mellitus and inflammatory
conditions such as rheumatoid arthritis, hypertension, or thyroid and liver disorders.
Excluding criteria for patients were: (a) cases with other cancers, (b) cases not taking
vitamin or mineral supplements during the past year, (c) cases using hair dye, and (d) cases
in women. Neither patients nor controls had used any hair cosmetics for 2 weeks before the
hair sampling.

About ~3 g of hair was cut from the nape of the neck close to the scalp, in 1.5–2-cm
strands long and placed into polyethylene bags provided by the laboratory performing the
analysis. To avoid contamination, the handling, cutting, and transfer of hair samples were
minimized and carried out using disposable forceps, sterile stainless-steel scissors, and
disposable vinyl examination gloves.

ICP/MS

In our study, after the collection of hair samples, individual hair samples were washed in
5% (w/v) detergent solution and were rinsed with abundant distilled water to remove the
exogenous material. The samples were dried in an electric oven at 50°C, and then, they
were cooled in a dryer with desiccators in silica gel at room temperature. Approximately
1 g of hair sample concentrate (65% 10.0 ml) was mixed with nitric acid, and it was heated
at 80°C for 10 min. This mixture was obtained at room temperature. Thereafter, with a
gradual heating and addition of perchloric acid 5.0 ml, a white intense smoke was observed.
Then, the sample was cooled up to room temperature by gradual cooling and was diluted to
50 mL using distilled water. Blank aliquot that does not contain hair was prepared using the
same process. All high-purity reagents (>99.99% with approval) used were purchased from
E-Merck. For many trace elements, the limit of measurement was recorded as micrograms
per kilogram.

Statistical Analysis

The statistical analysis of the results was done using Excel X State (Microsoft Corp.,
Redmond, WA) computer software and SPSS 13.0 package. Mean and standard deviations
of the data were calculated. The variables were evaluated between the people with and
without cancer using Student’s t test. The statistical significance was considered as p<0.05.
The correlation between the couples of elements was examined using Pearson correlation
test. r>0.50 was considered to represent a strong correlation. Thereafter, the variables were
evaluated with the analyses of factor and clustering.

Results

A total of 141 subjects were included in the study, and all subjects were male. In group 1,
there were 67 males with lung cancer with an age of 42–77 years, and mean age was 57.95
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±8.30 years. In group 2, there were 74 healthy males with an age of 42–72 years and mean
age was 58.17±6.87.

Tables 1 and 2 show minimum, maximum, standard deviation (SD), mean, skewness,
and range for trace elements. In the comparison of two groups, the patients with cancer
showed higher levels for 28 elements (Al, Au, B, Ba, Bi, Ca, Ce, Co, Cr, Cs, Cu, Ga, Hg,

Table 1 Lung cancer groups values are given in form of range, minimum, maximum, mean, standard
deviation, and skewness value (n=67)

Trace elements Range Minimum Maximum Mean Standard deviation Skewness

Ag 3.53 0.00 3.53 0.547 0.696 2.365

Al 97.88 0.05 97.93 16.460 16.313 2.270

As 7.36 0.01 7.37 0.458 1.2692 5.076

Au 32.21 0.08 32.30 2.744 6.471 3.268

B 8.62 0.00 8.62 1.764 2.058 1.485

Ba 8.68 0.08 8.76 1.461 1.972 2.109

Be 0.09 0.00 0.09 0.012 0.017 4.214

Bi 4.20 0.00 4.20 0.872 0.916 1.268

Ca 246.55 7.12 253.67 68.250 61.327 1.344

Cd 0.88 0.01 0.89 0.209 0.176 1.985

Ce 41.70 0.00 41.70 2.724 8.11 3.823

Co 65.22 0.01 65.23 3.131 11.057 4.381

Cr 22.56 0.05 22.61 2.492 4.0213 3.969

Cs 1.20 0.00 1.21 0.264 0.284 1.160

Cu 58.80 0.12 58.91 24.453 18.465 0.233

Fe 44.57 1.10 45.67 9.652 6.643 2.443

Ga 3.14 0.01 3.15 0.288 0.59 3.176

Hg 5.92 0.01 5.93 1.233 1.367 1.620

K 91.90 0.11 92.00 15.322 18.6550 2.011

Li 3.07 0.03 3.10 0.595 0.67 1.537

Mg 158.05 0.88 158.93 28.920 24.2039 2.467

Mn 16.31 0.10 16.41 1.819 2.16 4.949

Na 233.80 0.45 234.24 23.316 30.458 5.248

Ni 2.78 0.13 2.91 1.126 0.800 0.682

Pb 162.95 0.21 163.16 8.577 19.876 7.344

Pd 0.70 0.01 0.72 0.157 0.173 1.477

Rb 5.05 0.00 5.05 0.470 0.7534 3.796

Rh 1.93 0.00 1.93 0.555 0.614 0.796

Sb 2.02 0.02 2.04 0.988 0.77 0.156

Sc 3.14 0.03 3.16 0.134 0.545 5.380

Se 99.81 0.09 99.90 13.703 19.784 2.378

Sn 144.98 0.14 145.12 33.939 24.72 1.632

Sr 7.25 0.00 7.25 1.910 1.9146 1.275

Ti 96.06 0.16 96.22 12.638 19.128 2.127

V 10.05 0.03 10.08 1.835 2.290 2.142

Zn 258.37 3.41 261.79 53.226 60.301 1.478
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K, Li, Mn, Na, Ni, Pb, Pd, Rb, Rh, Sb, Sc, Sn, Sr, Ti, and V) compared with the control
group. In addition, the control group showed higher levels for eight elements (Ag, As, Be,
Cd, Fe, Mg, Se, and Zn) compared with the group with cancer (Table 3).

In group 1, the highest trace elements were measured to be Ca, Zn, Sn, Na, and Mg,
respectively, and they were quantified as 68.250, 53.220, 33.939, 23.316, and

Table 2 Control groups values are given in form of range, minimum, maximum, mean, standard deviation,
and skewness value (n=74)

Trace elements Range Minimum Maximum Mean Standard deviation Skewness

Ag 7.78 0.01 7.78 0.722 1.416 3.538

Al 56.05 0.17 56.22 11.366 12.685 1.831

As 2.94 0.01 2.95 0.558 0.742 1.862

Au 6.52 0.00 6.52 0.687 1.218 3.501

B 9.14 0.00 9.14 1.136 1.915 2.813

Ba 7.71 0.00 7.71 1.396 1.513 1.605

Be 0.37 0.00 0.37 0.038 0.074 2.933

Bi 2.42 0.00 2.42 0.445 0.718 2.014

Ca 89.44 8.90 98.34 30.812 18.809 1.867

Cd 1.80 0.00 1.80 0.316 0.426 1.972

Ce 21.59 0.01 21.60 0.958 2.886 5.774

Co 1.78 0.01 1.79 0.392 0.467 1.154

Cr 6.91 0.08 6.99 0.934 1.016 3.161

Cs 2.12 0.00 2.12 0.246 0.384 3.493

Cu 116.88 0.12 117.00 15.753 16.727 3.373

Fe 97.87 0.25 98.12 25.052 22.929 1.630

Ga 0.91 0.01 0.92 0.250 0.233 1.134

Hg 4.02 0.00 4.02 0.585 0.713 2.121

K 32.08 0.07 32.15 10.701 9.252 .820

Li 2.37 0.03 2.40 0.571 0.586 1.025

Mg 89.54 0.86 90.40 31.921 21.315 1.104

Mn 8.26 0.04 8.30 1.144 1.119 3.756

Na 73.89 0.11 74.00 21.378 15.798 0.799

Ni 2.30 0.06 2.36 0.580 0.547 1.794

Pb 22.38 0.00 22.38 5.090 6.198 1.751

Pd 1.36 0.00 1.36 0.114 0.192 4.195

Rb 0.98 0.00 0.99 0.251 0.300 1.271

Rh 1.93 0.00 1.93 0.414 0.486 1.657

Sb 2.03 0.01 2.04 0.235 0.344 3.131

Sc 0.00 0.03 0.03 0.027 0.000 0.000

Se 78.81 0.17 78.98 20.135 21.042 1.484

Sn 55.84 0.14 55.98 21.509 19.478 0.643

Sr 5.40 0.00 5.40 1.455 1.678 1.324

Ti 20.35 0.03 20.38 2.079 4.464 2.918

V 9.45 0.03 9.48 1.047 1.742 3.537

Zn 320.69 11.30 331.99 109.763 95.334 0.971
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28.920 μg.kg−1, respectively. In group 1, mean levels of trace elements in the hair
samples were as follows in descending order: Ca>Zn>Sn>Na>Mg>Cu>K>Se>Al>-
Ti>Pb>Mn>Fe>Co>Ce>Au>Cr>Sr>B>Ba>Hg>Ni>Bi>Sb>As>Li>Ag>Rb>Rh>-
Ga>Sc>Cs>Cd>Pd>Be (Table 1).

Table 3 Groups values are given in form of mean±SD, p value (p<0.05)

Trace elements Group 1 Group 2 Signature

Mean±SD Mean±SD (p<0.05)

Ag 0.547±0.696 0.722±1.416 0.034

Al 16.460±16.313 11.366±12.685 0.182

As 0.458±1.269 0.558±0.742 0.835

Au 2.744±6.471 0.687±1.218 0.000

B 1.764±2.058 1.136±1.915 0.078

Ba 1.461±1.972 1.396±1.513 0.255

Be 0.012±0.017 0.038±0.074 0.000

Bi 0.872±0.916 0.445±0.718 0.007

Ca 68.250±61.327 30.812±18.809 0.000

Cd 0.209±0.176 0.316±0.426 0.000

Ce 2.724±8.110 0.958±2.886 0.002

Co 3.131±11.057 0.392±0.467 0.000

Cr 2.492±4.021 0.934±1.016 0.000

Cs 0.264±0.284 0.246±0.384 0.799

Cu 24.453±18.465 15.753±16.727 0.001

Fe 9.652±6.643 25.052±22.929 0.000

Ga 0.288±0.590 0.250±0.233 0.003

Hg 1.233±1.367 0.585±0.713 0.000

K 15.322±18.655 10.701±9.252 0.000

Li 0.595±0.670 0.571±0.586 0.432

Mg 28.920±24.203 31.921±21.315 0.493

Mn 1.8193±2.160 1.144±1.119 0.058

Na 23.316±30.458 21.378±15.798 0.242

Ni 1.126±0.800 0.580±0.547 0.000

Pb 8.577±19.876 5.090±6.198 0.246

Pd 0.157±0.173 0.114±0.192 0.485

Rb 0.470±0.753 0.251±0.300 0.001

Rh 0.555±0.614 0.414±0.486 0.001

Sb 0.988±0.770 0.235±0.344 0.000

Sc 0.134±0.545 0.027±0.000 0.001

Se 13.703±19.784 20.135±21.042 0.102

Sn 33.939±24.720 21.509±19.478 0.872

Sr 1.910±1.914 1.455±1.678 0.640

Ti 12.638±19.128 2.079±4.464 0.000

V 1.835±2.290 1.047±1.742 0.016

Zn 53.22±60.301 109.763±95.334 0.000

278 Benderli Cihan and Öztürk Yıldırım



In group 2, the highest trace elements were Zn, Mg, Ca, Fe, and Se, respectively, and
they were quantified as 109.763, 31.921, 30.812, 25.052, and 20.135 μg.kg−1. In group 1,
mean levels of trace elements in the hair samples were as follows in descending order:
Zn>Mg>Ca>Fe>Se>Sn>Na>Cu>Al>K>Pb>Ti>Ce>Sr>B>Ba>V>Mn>Ag>-
Cr>Au>As>Hg>Bi>Li>Ni>Rh>Co>Cd>Cs>Sb>Rb>Ga>Pd>Be>Sc (Table 2). In group 1,
Ca, Sn, and Na were 2.03, 1.06, and 1.01 times higher, respectively, compared with group
2. In group 2, Zn, Mg, Fe, and Se were 2, 1.01, 2.7, and 1.6 times higher, respectively,
compared with group 1 (Table 3).

When the levels of trace elements were compared between groups 1 and 2 using
Student’s t test, the levels of Ag, Au, Be, Bi, Ca, Cd, Ce, Co, Cr, Cu, Fe, Ga, Hg, K, Ni, Rb,
Rh, Sb, Sc, Ti, and Zn were found to be statistically different (p<0.05). The levels
measured for Al, As, B, Ba, Cs, Li, Mg, Na, Pb, Pd, Se, Sn, and Sr did not show a
statistically significant difference (p>0.05). The significant results were obtained for Au,
Bi, Ca, Ce, Co, Cr, Cu, Ga, Hg, K, Mn, Ni, Rb, Rh, Sb, Sc, Ti, and V in group 1 and for
Ag, Be, Cd, Fe, and Zn in group 2 (p<0.01). Table 3 shows arithmetic mean, standard
deviation, and p values.

In each group, Pearson analysis was performed to investigate the correlation between the
trace elements with the couples of element within the same group. It was considered
according to positivity or negativity of r. r>0.50 was considered as strong correlation. The
level of correlation of 0.01 was considered as significant. Tables 4 and 5 show the
correlations of trace elements, respectively.

In Table 4, strong correlations were found for the following couples of trace elements in
the patients with lung cancer: Be-B (r=0.354), Cd-Ag (r=0.676), Co-As (r=0.368), Cr-As
(r=0.858), Cr-Co (r=0.489), Cs-Ag (r=0.317), Cs-Cd (r=0.633), Cu-Ca (r=0.440), Ga-
Co (r=0.350), Ga-Cs (r=0.446), Hg-Au (r=0.511), K-Cd (r=0.355), Li-Ag (r=0.522), Li-
Ba (r=0.325), Li-Cd (r=0.730), Li-Cs (r=0.594), Mn-Ca (r=0.412), Ni-B (r=0.463), Pb-B
(r=0.441), Pd-Ba (r=0.387), Pd-Cd (r=0.421), Pd-Cs (r=0.437), Pd-Ga (r=0.366), Rh-Ag
(r=0.519), Rb-Cd (r=0.558), Rb-Cs (r=0.588), Rb-Li (r=0.345), Sn-As (r=0.390), Sn-Ca
(r=0.344), Sn-Cr (r=0.402), Sn-Sc (r=0.415), Ti- Ce (r=0.493), Ti-Na (r=0.348), V-Ag
(r=0.334). A negative correlation was found between Ni-Bi (r=−0.346). The strongest
positive correlation was between Cr-As (r=0.858).

In Table 5, in the control group, the trace elements with strong correlations were as
follows: Ba-Al (r=0.483), Ba-Al (r=0.324), Be-B (r=0.571), Cd-Al (r=0.383), Cd-As
(r=0.566), Ce-As (r=0.421), Ce-Cd (r=0.526), Co-Al (r=0.310), Co-As (r=0.637), Co-Cd
(r=0.686), Co-Ce (r=0.460), Cr-Al (r=0.482), Cr-Ba (r=0.423), Cr-Cd (r=0.361), Cs-Cd
(r=0.579), Cs-Co (r=0.638), Ga-Cs (r=0.343), Hg-Ag (r=0.342), Hg-Al (r=0.328), Hg-
Au (r=0.313), Hg-Ca (r=0.406), Hg-Cr (r=0.482), Hg-Cu (r=0.306), K-B (r=0.483), K-
Be (r=0.411), Li-Cd (r=0.433), Li-Co (r=0.412), Mn-Al (r=0.419), Mn-Ba (r=0.383),
Mn-Ca (r=0.311), Mn-Cr (r=0.745), Mn-Hg (r=0.534), Na-Fe (r=0.336), Na-Ga
(r=0.412), Pb-Ag (r=0.431), Pb-Au (r=0.474), Pb-Ca (r=0.349), Pb-Hg (r=0.609), Pb-
Mn (r=0.388), Pd-Co (r=0.330), Pd-Cs (r=0.489), Rb-Al (r=0.325), Rb-Ba (r=0.532),
Rb-Cd (r=0.305), Rb-Cu (r=0.379), Rb-Mn (r=0.372), Sb-Rh (r=0.387), Se-Rh (r=
0.338), Sn-B (r=0.379), Sn-Co (r=0.414), Sn-K (r=0.364), Sr-Li (r=0.308), Sr-Rb (r=
0.355), Zn-Al (r=0.301), and Zn-Ga (r=0.306). Negative correlation was between Sn-Hg
(r=−0.474) and Na-Ca (r=−0.374). The strongest positive correlation was found between
Mn-Cr (r=0.745).

The results that were not found to be statistically significant according to Pearson
correlation were Ag, Al, As, Au, B, Ba, Bi, Ca, Ce, Fe, Mg, Na, Rh, Sb, Sc, Se, Sr, and Zn
in group 1 and Ag, Al, As, B, Bi, Ca, Cu, Fe, Mg, Ni, Rh, Sc, Ti, and V in group 2. When
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the difference between two groups was examined, the trace elements that showed
correlation in group 1 but not in group 2 were Cu, Ni, Rh, Ti, and V. The trace elements
that showed correlation in group 2 but not in group 1 were Ba, Ce, Na, Sb, Se, Sr, and Zn.
In the coupled matching, it was seen that the number and the strength of the correlations
were higher in group 2 compared with group 1 (Tables 4 and 5).

A factor analysis was performed to convert the trace elements found to be correlated using
Pearson correlation to new data structures which are independent and in less numbers (Tables 6,
7, 8, and 9). Table 6 shows self-value and variance shares declared for the factors obtained
from the variables of trace elements in the patients with lung cancer. When the factor analysis
was performed for a total of 36 trace elements used in the study, ten factors had a self-value
higher than 1.67, and it was seen that these factors explained 63.35% of the total variance.
Bartlett's test of sphericity was found to be p<0.000. Using the factors obtained by converted
matrix, the representation coupling between the factors and the variables was examined.
Table 7 contains the factors obtained by converted matrix and their variables. As seen in
Table 7, majority of the variables (21 of 36 variables) accumulate in the first, second, and third
factors. For group 1, the following results were obtained: first factor, ten variables (Cd, Li, Cs,
Ag, Rb, Pd, Ga, Zn, Al, and K); second factor, seven variables (Cr, As, Sn, Co, Ca, Rh, and
Fe); and third factor, four variables (Mn, Au, Cu, and Hg). As seen in Table 6, first, second,
and third factors explain a part of 25.2% of the total change. Within the first factor that best
describes the overall change, the most important variables are Cd and Li, respectively the first
and the second factors. In the canonic correlation, when the first function took a high level
with 0.878, a good correlation was suggested between the first discriminating function and the
set of variables. Within the second factor, the most important variables were Cr and As.

Table 8 shows the self-value and variance shares explained for trace element variables in
healthy people; Table 9 shows the distribution of the variables by the factor. In the factor
analysis performed in healthy people (group 2), the factor analysis of 35 trace elements, except
Sc, was performed, and ten factors were obtained. It was seen that these factors explained
67.04% of the total variance. Kaiser–Meyer–Olkin Measure of Sampling Adequacy was found
to be 0.543 and Bartlett's test of sphericity was found to be p<0.000. As seen in Table 9,
majority of the variables (19 of 34 variables) accumulate in the first, second, and third factors.

Table 6 Principal component loadings for trace elements in the scalp hair of lung cancer patients

Component Rotation sums of squared loadings

Total Percent of variance Cumulative percent

1 4,126 11,461 11,461

2 2,747 7,630 19,091

3 2,231 6,198 25,289

4 2,156 5,990 31,279

5 2,141 5,948 37,227

6 2,013 5,592 42,819

7 1,979 5,497 48,316

8 1,963 5,453 53,769

9 1,778 4,939 58,708

10 1,671 4,642 63,350

Values are given in form of percent of variance, cumulative percent, and total variance

Extraction method: principal component analysis
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For group 2, the following results were obtained: first factors, six variables Cr, Mn, Al, Ba, Rb,
and Pb; second factor, eight variables Co, As, Sn, Cd, Hg, Cs, Ca, and Ce; third factor, five
variables Na, Ga, Be, B, and Sr; and fourth factor, two variables K and Ag. First, second, third,

Table 7 Principal component loadings for trace elements in the scalp hair of lung cancer patients

Component

PC 1 PC 2 PC 3 PC 4 PC 5 PC 6 PC 7 PC 8 PC 9 PC 10

Cd 0.878

Li 0.783

Cs 0.724

Ag 0.722

Rb 0.588

Pd 0.539

Ga 0.460

Zn −0.403
Al 0.376

K 0.364

Cr 0.759

As 0.704

Sn 0.639

Co 0.566

Ca 0.557

Rh −0.380
Fe −0.349
Mn 0.568

Au 0.556

Cu 0.528

Hg 0.472

Bi −0.673
Ni 0.586

B 0.492

Pb −0.484
Ce 0.707

Ti 0.599

Sr 0.057

V 0.321

Sb 0.232

Na 0.454

Be 0.516

Mg −0.476
Se 0.380

Ba 0.448

Sc 0.720

Extraction method: principal component analysis

Ten components extracted
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and fourth factors explain the 36% of the overall change. Within the first factor that best
describe the overall change, the most important variables were Cr and Mn. In the canonic
correlation, when the first function took a high level with 0.756, a good correlation was
suggested between the first discriminating function and the set of variables.

Thereafter, clustering analysis was performed. Clustering analysis is the method used to
create subsets of the variables which are similar to each other. Figures 1 and 2 show the
clusters of trace elements formed after the clustering analysis realized using the variables. In
group 1, cluster 1 included Ag, Al, Ba, Cd, Cs, Ga, Li, Mg, Pd, and Rb; cluster 2 included
As, Co, Cr, Sc, Sn; cluster 3 included Au, Ca, Cu, Mn, Hg; cluster 4 included B, K, Be, Ni;
cluster 5 included Bi, Pb, and Sr; cluster 6 included Ce, Rh, Na, and Ti; cluster 7 included
Fe; cluster 8 included Sb; cluster 9 included Se and V, and cluster 10 included Zn. In group
2, cluster 1 included Ag, Al, Au, Ba, Ca, Cr, Cu, Hg, Mn, Pb, and Rb; cluster 2 included
As, Cd, Ce, Co, Cs, Li, Pd, and Sr; cluster 3 included; cluster 4 included Bi, Rh, Sb, and
Se; cluster 5 included Fe; cluster 6 included Ga, Na, and Zn; cluster 7 included Mg; cluster
8 included Ni; cluster 9 included Ti, and cluster 10 included V.

It was seen that trace elements of the first, second, and third factors obtained in the factor
analysis corresponded to the clustering analysis. In the group with lung cancer, Zn in the first
factor, Ca, Rh, and Fe in the second factor and Bi and Pb in fourth factor changed group after the
clustering analysis. Accurate rate of grouping for trace elements was 66.6%. In the control group,
Mn and Rb in the first factor, Pb and Rh in the second factor, and Sn in the third factor changed
group after the clustering analysis. Accurate rate of grouping for trace elements was 81%. In this
analysis, we observed that the trace elements accumulated were heavy metals and that the control
group showed both heavy metals and macroelements required for the body.

Discussion

Lung cancer is a complicated, multifactorial, and multifaceted disease. Smoking is
considered a major risk factor of NSCLC, but factors such as occupational or environmental
exposure, household radon, and certain dietary constituents may also have important impact

Table 8 Principal component loadings for trace elements in the scalp hair of control groups

Component Rotation sums of squared loadings

Total Percent of variance Cumulative percent

1 3,913 11,179 11,179

2 3,595 10,272 21,451

3 2,558 7,309 28,760

4 2,538 7,252 36,012

5 2,211 6,317 42,329

6 2,016 5,759 48,088

7 1,792 5,120 53,207

8 1,701 4,860 58,067

9 1,593 4,551 62,617

10 1,556 4,447 67,064

Values are given in form of percent of variance range, cumulative percent, and total variance

Extraction method: principal component analysis
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on lung cancer risk. A number of epidemiological studies demonstrated TE relationship
between cigarette smoking and environmental exposure to trace elements. Some of trace
elements and other biochemically important elements such as As, Al, Cd, Cr, Cu, Pb, Mn,
Hg, Ni, Se, and Zn are linked with smoking [1–4].

Table 9 Principal component loadings for trace elements in the scalp hair of control groups

Component

PC 1 PC 2 PC 3 PC 4 PC 5 PC 6 PC 7 PC 8 PC 9 PC 10

Cr 0.756

Mn 0.714

Al 0.661

Ba 0.572

Rb 0.562

Pb 0.554

Co 0.783

As 0.668

Sn 0.618

Cd 0.598

Hg −0.582
Cs 0.568

Ca −0.451
Ce 0.441

Na 0.602

Ga 0.533

Be −0.522
B −0.519
Sr −0.498
K 0.679

Ag 0.436

Se 0.532

Pd 0.419

Sb 0.413

Li −0.409
Rh 0.406

Zn 0.641

Ni −0.478
V −0.458
Ti 0.565

Cu −0.398
Au 0.392

Bi 0.495

Fe 0.476

Mg −0.454

Extraction method: principal component analysis

Ten components extracted
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The role of TE in the development and inhibition of cancer has a complex character and
raises many questions. Several studies have focused on TE relationship between and lung
cancer; in these studies, mention is made of changing trace element concentration in the
human fluids and tissues of patients with lung cancer caused by an imbalance of trace
elements [4, 5, 7, 8, 10, 23–26].

Trace elements are of major importance in physiology and biochemistry in the health of
individuals. Many biochemical functions depend on trace elements such as immune
activity, protein synthesis, the action hormones, a constituent of enzymes which plays an
important role in nucleic acid metabolism, cell replication, tissue repair, etc.; these findings
show the necessity of taking broad view of the metabolism of trace elements. It would seem
reasonable, therefore, to assume that TE might influence the carcinogenic process [6–8, 19].

It has been recognized for several decades that some trace elements play a definite role
in carcinogenesis. Many attempts have been made to investigate element concentrations in

Fig. 1 Cluster analysis of trace
elements in scalp hair of lung
cancer patients
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different human fluids and tissues, to find the correlation between element concentration
and the kind and clinical stage of tumors [4, 10, 12, 24–28].

The use of biomarkers such as trace element levels in hair, nails, blood, or urine is one
way of detecting abnormal levels of these elements in human body. While blood and urine
give an idea of recent exposure, hair and nails are proxies of longer time-frame exposures.
Analysis of hair is used in various toxicological, clinical, and forensic investigations. The
advantages of performing hair analysis over other biological samples are that hair analysis
is a less intrusive method, provides a history of drug use, is more resistant to adulteration,
can be easily collected and stored, has long shelf-life, and can be easily decontaminated.
Exposure levels to environmental and industrial pollutants can be determined by
performing an analysis of hair samples [9, 13, 15, 18].

Biomonitoring of trace elements in fluid or tissue samples of lung cancer has been
published for many elements at different geographical locations. Many of these papers deal
with elements described as toxic or carcinogenic such as Cd [24, 25, 27], Cr [10, 17, 29,

Fig. 2 Cluster analysis of trace
elements in scalp hair of control
groups
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30], Ni [10, 28, 30, 31], or Co [27]. Other publications deal with biomonitoring of essential
trace elements, for example, for Se [6, 9, 11, 14, 16, 17, 23], Zn [9, 23], or Cu [9, 23], etc.
Epidemiological evidence is also available to document the carcinogenic potential of heavy
metals. However, data and some analyses for specific heavy metals with respect to lung
cancer are conflicting [10, 24, 25, 27].

No screening techniques that use standard clinical radiology, sputum cytology, or direct
biopsies have been proven adequate for lung cancer detection of markers of the
preneoplastic phase of carcinogenesis. Attention to developments in tumor biology has
now turned to detection of preneoplastic phase of carcinogenesis. A focus on
carcinogenesis shifts emphasis toward detection of individual cellular and genetic markers
of potentially reversible progression. Validation of carcinogenesis markers requires marker
detection in premalignant specimens from individuals who later develop cancer and the
absence of the markers from those who remain cancer-free [14–22, 31].

To determine the grade of impact of smoking using the amounts of trace elements
obtained from the hair sample of the patients with lung cancer, group 1 and group 2
enrolled the people with same age, same environment, and same characteristics. The highest
levels measured were for Ca, Zn, Sn, Na, and Mg in group 1 and for Zn, Mg, Ca, Fe, and
Se in group 2. In the control group, it was seen that the levels of Fe and Se required for the
body were higher. The significant results were obtained for Au, Bi, Ca, Ce, Co, Cr, Cu, Ga,
Hg, K, Mn, Ni, Rb, Rh, Sb, Sc, Ti, and V in group 1 and for Ag, Be, Cd, Fe, and Zn in
group 2 (p<0.05). This finding shows that, in the group with lung cancer, a statistically
significant difference was present for the levels of heavy metals and toxic elements. In our
study, differences in some heavy metal (Al, Au, B, Ba, Bi, Ca, Ce, Co, Cr, Cu, Ga, Hg, K,
Li, Mn, Na, Ni, Pb, Pd, Rb, Rh, Sb, Sc, Sn, Sr, Ti, and V) levels high were found in lung
cancer patients’ hair compared with controls. However, Au, Bi, Ca, Ce, Co, Cr, Cu, Ga, Hg,
K, Mn, Ni, Rb, Rh, Sb, Sc, and Ti level differences were significantly higher in healthy
controls.

In our study, cigarette smoking consumption may explain the accumulation of Co, Sn,
Sb, and Ni in lung tumors because these elements were present at higher levels in group 1
than in group 2. Thus, in addition to cigarette smoking, data suggest that environmental/
occupational exposure to Co, Sn, Sb, and Ni may be important determinants in Anatolian
lung cancer patients. Heavy metal levels circulating in human hair were used as biological
indicators of exposure. Therefore, a case–control study was conducted to evaluate the
difference in heavy metal content between lung cancer patients and controls. Hence, the
relation between lung cancer and trace elements, and possible roles of these elements in
carcinogenesis, could not fully be understood by analyzing the trace elements status only.
The present study showed that increasing of Cd, Ni, Co, Cr, and Pb oxide fumes by tobacco
smoking, causes deficiency of essential elements like Se and Zn. Furthermore,
environmental exposure, as well as age, gender, regional origin, and probably also lifestyle,
may significantly influence tissue TE levels. The tendency to decrease Se indeed existed
according to the severity of the disease. It was shown that Se deficiency may be associated
with increased tumors and tumor size.

When the difference between two groups was examined using Pearson correlation
analysis, the trace elements that showed correlation in group 1 but not in group 2 were Cu,
Ni, Rh, Ti, and V. The trace elements that showed correlation in group 2 but not in group 1
were Ba, Ce, Na, Sb, Se, Sr, and Zn. In the coupled matching, it was seen that the number
and the strength of the correlations were higher in group 2 compared with group 1. Group 1
revealed correlation between heavy metals; group 2 revealed correlations between both
heavy metals and macroelements required for the body. In the coupled matching, it was
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seen that the number and the strength of the correlations were higher in group 2 compared with
group 1. In group 1, it was thought that, while the correlation in basic elements decreased, the
correlation with toxic trace elements might be mostly related to cancer and partly related to the
age. It was thought that the trace elements without correlation do not have an impact on other
trace elements and that their biological effect might be independent. Among the first factor that
best describes the total change in the patients with cancer as the most important variables, the
first and second factors were Cd and Li. Among the first factors that best describe the total
change in group 2, Cr andMnwere themost important variables. Group 2 contained both heavy
metals and trace elements required for the body. The presence of these elements, other than
heavy metal, suggests that antioxidant and oxidant capacity of the body might be adequate.
When this balance is impaired, it is thought that a trend toward the presentation observed in
group 1 increased and that the toxic dose was reached, as a result of some interactions with
particular elements. The results obtained in the factor analysis were subject to a clustering
analysis.When the trace elements clustered during this analysis were examined, it was seen that
heavy metals were clustered and that, in the control group, both heavy metals and
macroelements required for the body were clustered. These findings are consistent with the
results obtained from the studies that highlighted the importance of heavy metals in the cancer.

In the past few years, increasing consideration has been given to interactions occurring
in the organism between TE and bioelements essential for life. These interactions are
complex and involve bioelements such as Zn, Cu, Fe, Se, Ca, Ti, and Mg and toxic
elements including Co, Ni, Cd, Pb, Sb, Cr, etc. The relevance of element-to-element
interactions should be considered in the light of the men’s exposure to toxic elements and
the common deficiency in the essential elements.

Conclusions

The aim of our research was to show that abnormalities in the trace element content were
also observed in patients diagnosed with IIIB non-small cell lung cancer. The present study
showed an association between lung cancer and trace elements. Moreover, it showed that
concentrations of heavy metals and trace elements such as Li, Ag, Pd, Ti, Co, Ni, As, Sn,
etc., in hair may be used as a biomarker of exposure. However, more studies with a larger
number of subjects and more homogeneous samples are needed to verify this relationship
and to examine the potential associations between the trace elements seen in higher
concentrations in the hair of cancer patients.
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