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Abstract Selected trace metals were analyzed in human malignant and nonmalignant
(benign) breast tissue samples by the flame atomic absorption spectrophotometric method.
In malignant tissues, dominant mean concentrations were revealed by Na, K, Ca, Mg, Fe,
Zn, and Al at 927, 552, 231, 61.7, 36.5, 18.3, and 8.94 pg/g, respectively, while the mean
metal levels in benign tissues were 903, 435, 183, 63.3, 24.7, 14.5, and 10.1 nug/g,
respectively. Average concentrations of Cd, Co, Cr, Cu, Fe, Mn, K, Ca, and Zn were noted
to be significantly higher in the malignant tissues compared with the benign tissues.
Significantly strong correlations (#>0.50) in malignant tissues were observed between Mn
and Co, Mn and Cd, Cd and Cr, Fe and Mn, Cd and Co, Fe and Co, Mg and Pb, Cd and Fe,
Mg and Ni, Pb and Ni, Ni and Sr, and Fe and Pb, whereas, Cd and Co, Cd and Mn, Co and
Mg, Co and Mn, Cu and Mn, Co and Ni, Mg and Ni, Cd and Cu, Cd and Ni, Ca and Mg,
Mn and Pb, Cu and Ni, Fe and Ni, Cd and Mg, Co and Cu, Cr and Na, and Cd and Cr
revealed strong and significant relationships in benign tissues at p<0.001. Principal
component analysis of the metals data yielded six principal components for malignant
tissues and five principal components for benign tissues, with considerably different
loadings, duly supported by cluster analysis. The study revealed a considerably different
pattern of distribution and mutual correlations of trace metals in the breast tissues of benign
and cancerous patients.
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Introduction

In the last few decades, there has been increasing interest in exploring the exact role of trace
metals in human health and diseases. Although trace metals constitute a minor part of living
tissues, they play several vital roles in biological systems such as stabilizers, elements of
structure, essential minerals for hormonal function, and cofactors in enzymes [1]. The role
of different trace metals in the normal vital activities and initiation of some diseases has
long been known, and it is assumed that all chemical elements are involved in physiological
processes in varying degrees [2, 3]. Any change in the environment as well as in the human
body itself can trigger changes in trace metal composition of any organ or tissue, and as a
consequence, potentially toxic chemical species may be accumulated, due to which some
disease can be produced [4]. Various diseases of previously unknown etiology have been
attributed to an imbalance of trace metals [5—7]. It may be assumed that trace metals
influence the mechanisms that are responsible for the development of cancer because of
their fundamental importance in a number of biochemical and physiological processes in
humans [6, 8§-9].

Although cancer was mainly considered to be genetically related, it is now well
acknowledged that other factors such as diet and environment significantly affect the cancer
incidences [10, 11]. It has been reported that human breast cancerous tissues fragments of
mouse mammary tumor virus (MMTYV) or a closely related ribonucleic acid virus have been
detected in a significant percentage, signifying that breast cancer can also have a viral
etiology [12, 13]. Epidemiological studies showed that the majority of the factors leading to
the development of malignant tumor in humans have arisen from environmental factors
including the work environment, followed by nutritional habits as well as viral attacks and
only meagerly as consequences of genetic predispositions [14, 15]. Several studies have
focused on the relationship between trace metal and breast cancer in humans, which
indicated that the trace metals may influence the carcinogenic process [16-23].

The present study is carried out to evaluate the comparative trace metal distribution and
correlation in the malignant and benign breast tissues. Multivariate methods have been used
for the apportionment of the trace metals in the two groups of donors [4, 24-26].

Materials and Methods

In the present study, subjects were selected from the patients admitted in hospitals of
Rawalpindi district, Pakistan namely, POF Hospital, Wah Cantt, and Christian Hospital,
Taxila. The breast tissue samples from the patients were collected prior to any chemo- or
radiotherapy, and the diagnosis of primary carcinoma was confirmed histologically. During
the present study, a total of 53 malignant breast tissue samples were collected from the
patients, aged between 35 and 64 years. The benign subjects (n=61) were selected from the
same localities with matched age groups, aged between 36 and 59 years. The tissue samples
were collected during the surgery and stored at —20°C in a zip-mouthed high-density
polythene bag duly labeled with relevant codes related to the donor’s name, age, eating and
drinking habits, and social and general health status, all recorded and compiled on regular
proforma at the time of sampling [27, 28]. Before the digestion, the samples were partially
thawed, and the thick sections of the surrounding fatty tissues, blood vessels, and
membranes, which could have been contaminated in any of the earlier stages, were
removed carefully. The tissue samples were digested with nitric acid—perchloric acid (10:5
v/v) mixture with subsequent heating to a soft boil until white dense fumes evolved.
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Samples were then cooled to room temperature and diluted to a proper volume with doubly
distilled water [29, 30]. The blank was prepared the same way but without the tissue
sample.

All reagents used were of ultrahigh purity (certified greater than 99.99%) procured from
E-Merck. Working solutions were prepared by serial dilution of 1,000-ppm standard
solutions. Quantitative analysis was carried out on flame atomic absorption spectropho-
tometer (Shimadzu AA-670, Japan), with automatic background compensation and under
optimum analytical conditions. The samples were analyzed for 18 metals: Al, Ca, Cd, Co,
Cr, Cu, Fe, K, Li, Mg, Mn, Mo, Na, Ni, Pb, Sb, Sr, and Zn.

Three subsamples of each sample were treated and run separately onto the
spectrophotometer to pool mean metal concentrations. A parallel routine check on the
accuracy of quantified results was ensured through the use of a standard reference material
(SRM, OL-96). The samples were also analyzed at an independent laboratory for the
comparison of the results. A maximum of 5% difference was observed in the results of two
laboratories. STATISTICA software was used for statistical analyses of the metal data [31].

Results and Discussion

The statistical distribution parameters for metal concentrations (ug/g, wet weight) in the
malignant breast tissues (n=53) are presented in Table 1. On the average, higher
concentrations were shown by Na (927 ug/g), K (552 ug/g), Ca (231 pg/g), Mg
(61.7 ug/g), Fe (36.5 ug/g), and Zn (18.3 pg/g), followed by Al (8.94 ug/g) and Pb
(8.23 pg/g), Sb (4.76 ng/g), Sr (4.54 pg/g), Cu (3.47 ug/g), Co (2.37 ng/g), Ni (1.87 ug/g),
Mo (1.61 pg/g), and Cd (1.21 pg/g). Relatively lower average levels in the malignant
tissues were observed for Cr, Li, and Mn. Overall, the trace metals in malignant tissues

Table 1 Statistical Distribution Parameters of Selected Metal Concentrations (pg/g, Wet Weight)® in
Malignant Breast Tissues (n=53)

Mean Median SD SE Skewness Range
Al 8.94 8.62 4.89 0.67 0.41 0.18-20.8
Ca 231 139 227 31.2 1.80 12.8-919
Cd 1.21 0.43 2.64 0.36 4.14 0.01-15.9
Co 2.37 1.15 421 0.58 5.64 0.01-33.3
Cr 0.75 0.32 1.25 0.17 3.07 0.02-6.37
Cu 3.47 1.59 7.38 1.01 5.86 0.06-57.9
Fe 36.5 227 454 6.24 2.92 0.25-278
K 552 486 481 66.1 222 6.80-2871
Li 0.61 0.15 1.03 0.14 2.83 0.03-5.87
Mg 61.7 454 77.9 10.7 3.52 0.25-530
Mn 0.46 0.13 1.06 0.15 6.63 0.02-8.67
Mo 1.61 1.21 1.41 0.19 1.31 0.02-6.06
Na 927 504 1102 151 2.47 63.9-6238
Ni 1.87 1.45 1.73 0.24 1.68 0.01-9.23
Pb 8.23 3.54 13.2 1.81 3.33 0.37-81.3
Sb 4.76 4.68 3.33 0.46 1.64 0.10-21.2
Sr 4.54 2.05 5.79 0.80 3.26 0.42-36.1
Zn 18.3 7.76 31.5 433 4.20 0.02-216

? Where applicable
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exhibited following decreasing order in their average concentrations: Na>K>Ca>Mg>Fe>Zn>
Al>Pb>Sb>Sr>Cu>Co>Ni>Mo>Cd>Cr>Li>Mn. Most of the selected metals exhibited
highly asymmetric distribution as shown by appreciably divergent mean and median values on
one hand and large SD and SE values on the other hand. A large value of SD reflected a large
spread of metal distribution, as noted in the cases of Na, K, Ca, Mg, Fe, Zn, and Pb. Some of the
trace metals (Li, Mn, Cr, Mo, and Ni) exhibited relatively normal distribution pattern, evidenced
by comparative low SD and SE values. Somewhat lower values of skewness were noted in favor
of Al, Mo, Sb, and Ni, thus manifesting an almost symmetrical distribution pattern of these
metals in malignant tissues; however, relatively large asymmetry in the distribution of other
metals was evidenced by higher skewness values. The range of the selected trace metals also
exhibited a wide spread in their concentrations in the malignant breast tissues.

The statistical parameters indicating the distribution of selected trace metal contents (1g/g,
wet weight) in benign breast tissues (#=61) are presented in Table 2. On the average, higher
levels were shown by Na (903 ng/g), K (435 ug/g), Ca (183 ug/g), Mg (63.3 ug/g), Fe
(24.7 ng/g), Zn (14.5 ug/g), and Al (10.1 ug/g), followed by Pb (7.41 ng/g), Sb (4.25 ug/
g), Sr (4.11 pg/g), Ni (2.08 png/g), Cu (1.83 pg/g), Mo (1.57 ug/g), and Co (1.35 ng/g).
Somewhat lower concentration levels were observed for Li, Cd, Cr, and Mn. On the
average basis, the decreasing trend of metal levels in the tissues of benign patients revealed
following order: Na>K>Ca>Mg>Fe>Zn>Al>Pb>Sb>Sr>Ni>Cu>Mo>Co>Li>Cd>
Cr>Mn. Most of the selected metals exhibited a large dispersion and asymmetry in their
distribution as shown by relevant SD, SE, range, and skewness values. A large dispersion
of the metals data in terms of SD were noted in the cases of Na, K, Ca, Mg, Fe, Pb, and Zn.
Trace metals such as, Mn, Cr, Li, Cd, and Mo exhibited comparatively homogenous
distribution pattern, as indicated by small SD and SE values. Lower magnitude of skewness
in favor of Al, Sb, and Li manifested an almost symmetrical distribution pattern of these

Table 2 Statistical Distribution Parameters of Selected Metal Concentrations (pg/g, Wet Weight)® in Benign
Breast Tissues (n=61)

Mean Median SD SE Skewness Range
Al 10.1 10.2 4.78 0.61 —-0.13 0.25-20.1
Ca 183 120 235 30.1 3.58 6.92-1702
Cd 0.58 0.28 1.12 0.14 451 0.01-6.98
Co 1.35 0.80 1.97 0.25 3.67 0.02-13.9
Cr 0.37 0.21 0.58 0.07 6.40 0.01-5.50
Cu 1.83 1.05 3.11 0.40 3.85 0.10-17.9
Fe 24.7 10.5 353 4.52 3.31 0.82-237
K 435 423 291 37.3 1.07 1.25-1627
Li 0.68 0.34 0.64 0.08 0.79 0.02-3.69
Mg 63.3 40.2 87.6 11.2 4.39 3.68-688
Mn 0.18 0.08 0.31 0.04 4.76 0.01-2.29
Mo 1.57 1.08 1.54 0.20 2.14 0.01-9.60
Na 903 581 919 118 2.15 2.80-4797
Ni 2.08 1.32 3.02 0.39 5.61 0.02-27.0
Pb 7.41 2.75 239 3.06 7.14 0.07-210
Sb 425 4.17 2.23 0.29 0.26 0.22-10.9
Sr 4.11 1.62 5.64 0.72 3.26 0.24-39.9
Zn 14.5 9.36 16.9 2.16 2.92 0.17-96.9

#Where applicable
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metals in the tissues of benign patients, whereas a large asymmetry in the distribution of Pb, Cr,
and Ni was evidenced by the highest skewness values.

A systematic and detailed comparison of the average concentration levels of trace metals
measured in the malignant and benign breast tissues are shown graphically in Fig. 1. In the
case of similar average values of concentrations, generally, the data on these plots are
grouped along the diagonal line, while deviations from the diagonal line indicate the
pragmatic differences of average concentrations. Among the selected trace metals, the
statistically significant differences between malignant and benign tissues were observed for
the metals, which are shown in bold italic. More detailed results of the statistical tests
revealed an increase in the average concentrations of Mn (256%), Cd (209%), Cr (203%),
Cu (190%), Co (176%), Fe (148%), K (127%), Ca (126%), and Zn (126%) in the malignant
breast tissues as compared to the benign breast tissues. The concentrations of Al, Li, Mg,
Mo, Na, Ni, Pb, Sb, and Sr exhibited a nonsignificant disparity in their average levels in the
tissues of the two donor groups.

In earlier studies, mean concentrations of Cr, Ca, Fe, Cu, and Zn were reported to be
significantly higher in malignant and benign breast tissues compared with the controls [19,
22, 32]. In another study [33], it was suggested that reactive chromium intermediates such
as Cr(V) and Cr(IV) generate hydroxyl radicals, which cause deoxyribonucleic acid (DNA)
strand breaks, base modification, and lipid peroxidation and also inactivate p53. Similar
trends were reported in the blood and scalp hair samples of breast cancer patients
[17,18,34]. Moreover, Cr and Zn had been reported to be significantly higher in the blood
of breast cancer patients as compared with healthy donors [17]. Breast cancer mortality was
found to be strongly contributed by Cr, followed by Cd and Zn [21, 23, 35]. Schrauzer et al.
reported that age-corrected breast cancer mortalities in different countries were directly
correlated with the estimated dietary intake of Zn, Cr, and Cd and inversely correlated with
Se and subsequently demonstrated that Zn, Cd, and Cr abolish the cancer-protecting effects
of Se in MMT V-infected C3H mice [36, 37]. The observed elevated concentrations of Cr,
Cd, and Zn in the malignant breast tissues, in the current study, are supported by the above-
explained carcinogenicity processes.

The excessive accumulation of Fe in humans may be associated with an increased risk of
cancer [38]. It causes tissue damage by acting as a catalyst in the conversion of hydrogen
peroxide to free radical ions, which attack cellular membranes, cause DNA strand breaks,
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inactivate enzymes, depolymerize polysaccharides, and initiate lipid peroxidation [39, 40].
Appreciably higher levels of Cu were found in malignant plasma than the plasma of healthy
donors, which could induce growth proliferation and cancer by damaging DNA with free
hydroxyl radicals [20, 41]. The elevated Cu levels observed in the malignant breast tissues
probably promote breast cancer through angiogenesis and oxidative DNA damage [42, 43].
Slightly higher Pb levels in the malignant breast tissues compared with the normal tissues
have been reported in a US study [32]. Majewska et al. [16] have reported enhanced
concentrations of many trace elements in malignant breast tissues and suggested that these
elements compete for the binding sites in the cell, change its enzymatic activity, and exert
direct or indirect action on the carcinogenic processes, accelerating the growth of tumors,
and that the inhibition of enzymes caused by the variation in trace element concentrations
results in the immunological breakdown of the body system.

The Spearman correlation coefficient matrix of selected trace metals in malignant breast
tissues is given in Table 3. The significant correlation () values between the metal pairs are
shown in italics at p<0.001. Strong positive correlations were noted between, Co and Mn (r=
0.88), Cd and Mn (»=0.75), Cd and Cr (»=0.75), Fe and Mn (»=0.74), Cd and Co (»=0.73),
Co and Fe (r=0.69), Mg and Pb (r=0.65), Cd and Fe (»=0.64), Ni and Pb (»=0.63), Mg and
Ni (#=0.63), and Ni and Sr (»=0.55). Some significant but weak correlations were also found
between Fe and Pb (»=0.50), Fe and Mg (#»=0.48), Cr and Mn (=0.46), Fe and Ni (#=0.46),
K and Mg (r=0.46), Al and Mg (r=0.43), Co and Cr (#=0.44), Fe and K (»=0.41), Co and
Ni (r=0.41), and Ca and Sr (#=0.41). All other metal pairs exhibited nonsignificant positive
or negative relationships, which manifested their independent variations in the tissues of
breast cancer patients. This simple correlation study revealed that toxic metals, such as Cd,
Cr, Co, Mn, and Fe, demonstrated strong mutual relationships and thus contributed mainly
toward the carcinogenic processes, while significant correlations among Mg, Pb, Ni, and Sr
indicated their common variations in the tissues of breast cancer patients. This correlation
study also pointed out the independent origin of the aforementioned two groups of metals in

Table 3 Spearman’s Correlation Coefficient (r)* Matrix of Selected Metals in Malignant Breast Tissues (n=53)

Al Ca Cd Co Cr Cu  Fe K Li Mg Mn Mo Na Ni Pb Sb Sr

Ca -0.23

Cd —-0.07 0.23

Co —0.02 027 0.73

Cr —0.06 027 0.75 0.44

Cu —0.04 0.31 0.18 0.10 0.32

Fe 0.02 0.17 0.64 0.69 032 0.06

K 019 030 032028 028 0.17 041

Li 0.13 -0.10 0.13 0.01 026 0.03 —0.20 0.13

Mg 0.43 —-0.03 0.11 0.23 —-0.03 0.13 0.48 0.46 —0.10

Mn -0.12 034 0.75 0.88 0.46 0.17 0.74 038 —0.04 0.11

Mo 0.07 =032 0.17 0.01 0.01 0.10 0.05 0.12 0.19 0.23 0.01

Na —-0.19 0.29 —0.03 0.03 0.06 0.02 0.16 0.32 0.13 0.23 0.05 —0.26

Ni  0.15 021 032 047 037 029 046 038 —0.01 0.63 030 0.11 0.18

Pb 0.13 0.01 034 030 0.17 021 0.50 028 —0.13 0.65 0.26 0.38 0.06 0.63

Sb  0.18 —0.02 0.10 0.18 0.09 —-0.12 0.15 0.01 0.20 0.19 0.08 0.04 0.10 0.35 0.16

Sr 009 047 0.18 0.19 025 0.15 0.08 0.11 -0.03 0.23 0.12 —0.13 —0.07 0.55 0.13 0.38
Zn 0.14 0.02 —0.01 0.06 0.10 0.13 0.28 0.14 -0.04 0.22 0.11 -0.03 0.03 0.27 0.29 0.14 —0.06

*Significant r values at p<0.001 are shown in italics
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the malignant tissues. These differences may be attributed to the altered metabolism of
selected trace metals in the tissues of breast cancer patients, which will be further explored by
multivariate methods in a forthcoming discussion.

The data on metal-to-metal Spearman correlations in benign tissues are given in Table 4,
wherein significant values are shown in italics, at p<0.001. Strong positive correlations were
noted between following metal pairs: Cd-Mn (#=0.82), Cd—Co (r=0.82), Co-Mg (r=0.74),
Co—Mn (#=0.69), Cu—Mn (r=0.68), Co-Ni (#=0.64), Mg-Ni (=0.63), Cd—Cu (r=0.61),
Cd-Ni (r=0.61), Ca-Mg (r=0.59), Mn—-Pb (r=0.57), Fe-Ni (»=0.54), Cu—Ni (»=0.54), Cd-
Mg (r=0.52), Co—Cu (r=0.51), Cr—Na (»=0.51), and Cd—Cr (»=0.51). In addition, weakly
significant correlations were also found between Ca and Co, Ca and K, Ca and Sr, Cd and Fe,
Cd and K, Cd and Pb, Co and Fe, Co and K, Cr and Cu, Cr and K, Cu and K, Cu and Mg, Fe
and Mg, K and Ni, Mg and Mn, Mn and Ni, and K and Na. This correlation study revealed
that Ca and Mg are contributed by a common origin, while strong correlations among Cd, Cu,
Co, Ni, and Mn indicated their mutual variations in the benign breast tissues. All other metal
pairs exhibited very weak relationship between them. A few negative correlations were also
observed, but they were not significant.

The present study takes up metal apportionment and source identification in the tissues
of the two groups of donors using principal component analysis (PCA) and cluster analysis
(CA) [4, 24-26]. The principal component (PC) loadings of selected trace metals in
malignant tissues were extracted by using varimax-normalized rotation on the data set, as
shown in Table 5. The PCA of the trace metal data in the malignant tissues yielded six PCs
with eigen values greater than 1, commutatively containing more than 73% of the total
variance of the data. The CA of the selected metal data pertaining to the tissues of breast
cancer patients is shown in Fig. 2a, which revealed very strong clusters of Cd—Cr—Co—Mn—
Fe and Mg—Pb—Ni. For malignant breast tissues, PC 1 showed higher loadings for Cd, Co,
Cr, Fe, and Mn, with a similar strong cluster. These trace metals are believed to share some
common source in the malignant tissues as pointed out earlier by the correlation study, and

Table 4 Spearman’s Correlation Coefficient ()* Matrix of Selected Metals in Benign Breast Tissues (n=61)

Al Ca Cd Co Cr Cu Fe K Li Mg Mn Mo Na Ni Pb Sb Sr

Ca —0.01

Cd -0.12 0.39

Co 001 047 082

Cr -0.20 037 057 0.33

Cu -0.01 039 061 051 047

Fe —-0.13 029 041 043 025 0.30

K -026 042 040 042 048 0.48 0.26

Li  0.10 -0.16 0.04 —0.14 —0.04 —0.12 —0.26 —0.39

Mg 0.18 0.59 052 0.74 0.02 044 046 0.30 —0.19

Mn 0.02 031 082 069 035 0.68 036 031 —0.05 0.46

Mo 0.07 0.08 020 0.11 =0.11 0.12 0.07 =0.14 0.30 0.27 0.13

Na -0.37 024 029 0.10 0.5/ 032-0.10 045 0.10-0.12 0.20 —0.04

Ni 0.02 031 0.6/ 064 0.18 054 054 042-0.18 0.63 042 0.17 —0.04

Pb  0.03 0.08 0.4/ 038 0.03 032 035 0.02-0.14 030 0.57 0.11 —0.08 0.26

Sb 024 0.11 —0.01 0.14 —0.04 —0.04 0.10 0.10 —0.11 0.19 —0.08 0.10 —0.19 0.21 —0.01

Sr  0.11 041 002 0.16 0.18 032 039 0.25-034 0.34 0.09 —0.10 —0.21 0.22 0.04 0.16
Zn 0.03 0.13 0.15 0.16 0.10 0.10 0.08 0.11 =0.12 0.14 0.16 —0.10 —0.02 0.08 —0.02 0.17 0.03

 Significant » values at p<0.001 are shown in italics
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Table 5 Principal Component Loadings” of Selected Metals in Malignant Breast Tissues
PC 1 PC2 PC3 PC 4 PC5 PC6
Eigen values 5.00 232 1.74 1.54 1.34 1.27
Percent total variance 27.8 12.9 9.66 8.54 7.46 7.07
Percent cumulative variance 27.8 40.7 50.3 58.9 66.3 73.4
Al - 0.42 - - 0.25 -
Ca 0.25 - 0.50 0.26 - 0.57
Cd 0.90 - - - - -
Co 0.89 - - — - -
Cr 0.61 - - - 0.36 0.41
Cu - - - - - 0.84
Fe 0.76 0.49 - - - -
K 0.29 0.37 0.71 - 0.31 -
Li - - - - 0.91 -
Mg - 0.90 - - - -
Mn 0.92 - - - - -
Mo - - 0.53 - - -
Na - - 0.83 — - -
Ni 0.27 0.64 - 0.51 - 0.25
Pb 0.26 0.77 - - - -
Sb - - - 0.68 - -
Sr - - - 0.87 - 0.26
Zn - 0.45 - - - -
#PC loadings <0.25 are omitted
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this group of metals was mainly considered to contribute toward the carcinogenesis. PC 2
showed higher loadings of Mg, Ni, Pb, and Zn, and one of the clusters is also composed of Mg,
Ni, Pb, and Zn. These metals also manifested a unidirectional relationship in the correlation
study. CA revealed a common cluster of Na and K, which contribute to PC 3, along with the
significant loadings of Mo and Ca. In the same way, PC 6 exhibited higher loadings for Ca and
Cu, sharing a common cluster with the addition of Sr, which showed higher loadings to PC 4
along with Sb and significant loadings of Ni, whereas PC 5 showed maximum loadings only for
Li. Overall, CA is in good agreement with PCA findings, and both these multivariate methods
revealed some mutual variations, depletion, and uptake of different selected trace metals in the
malignant breast tissues.

The PC loadings, extracted by using varimax-normalized rotation on the data set of trace
metals in the benign breast tissues, are shown in Table 6. The PCA of the data set yielded
five PCs with eigen values greater than 1, commutatively explaining almost 69% of the
total variance of selected trace metals in the tissues of benign patients. The CA of the metal
data pertaining to benign tissues is shown in Fig. 2b, which exhibited very strong clusters
of Cd—Co—Cu—Fe-Mg-Mn—Ni—Pb, Cr—K—Na, Zn-Li, and Sb—Al. In the benign tissues, PC
1 showed higher loadings for Cd, Co, Cu, Fe, Mg, Mn, Ni, and Pb, with similar strong
cluster of CA. This PC of mostly carcinogenic metals showed the contribution from
environmental pollutants [4, 19]. For PC 2, higher loadings for Cr, Cu, K, and Na were
observed duly supported by CA. This group of the metals is mainly believed to be
controlled by internal body metabolism. One important aspect of such a grouping evidenced
that toxic metals such as Cr grouped together with main electrolytes of the human body, Na
and K. This may lead to malfunctioning in the normal metabolic processes. Another
important feature is that Cu showed the significantly higher loadings in both PC 1 and PC

Table 6 Principal Component Loadings® for Selected Metals in Benign Breast Tissues

PC 1 PC2 PC 3 PC 4 PC5
Eigen values 5.94 2.32 1.86 1.16 1.12
Percent total variance 33.0 12.9 10.4 6.42 6.21
Percent cumulative variance 33.0 459 56.3 62.7 68.9
Al - - - 0.69 -
Ca 0.32 0.42 0.50 0.27 -
Cd 0.84 0.41 - - -
Co 0.86 - - - -
Cr - 0.79 - - -
Cu 0.55 0.54 - - -
Fe 0.58 - 0.49 - -
K 0.26 0.65 0.35 - -
Li - - - - 0.59
Mg 0.75 - 0.36 0.29 -
Mn 0.77 0.32 - - -
Mo - - - - 0.71
Na - 0.82 - - -
Ni 0.74 - 0.30 - -
Pb 0.86 - - - -
Sb - - - 0.70 -
Sr - - 0.81 - -
Zn - - 0.27 - 0.61

?PC loadings less than 0.25 are omitted
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2, thus evidencing its contribution from two different sources. Similarly, PC 3 revealed higher
loadings of Ca and Sr, and PC 4 showed elevated loadings for Al and Sb; likewise, PC 5
exhibited significantly higher loadings of Li, Zn, and Mo. The CA is in very good agreement
with the PCA results.

In conclusion, the present study brings out marked differences in the distribution and
correlations of selected trace metals in the malignant breast tissues compared with the
benign breast tissues. Major contributions were noted for Na, K, Ca, Mg, Fe, Zn, Al, and Pb
in both categories. Although most of the trace metals revealed comparatively higher
concentrations in the malignant breast tissues, the mean levels of Cd, Co, Cr, Cu, Fe, Mn,
K, Ca, and Zn were significantly higher in the malignant than benign breast tissues. The
correlation study manifested significantly strong relationships among Cd, Cr, Co, Mn, and
Fe in the malignant breast tissues, which were considerably different than the correlation
coefficients observed in the benign tissues. PCA showed the significantly different
apportionment mechanism of trace metals in the malignant and benign breast tissues with
six and five PCs, respectively, duly supported by the CA findings. These discrepancies
were mainly attributed to the buildup of the trace metal concentrations in the malignant
tissues, which results in the alteration of body metabolism in the cancer patients.
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