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Aims: The aim of this study was to investigate the cadmium (Cd), nickel (Ni) and
aluminium (Al) concentrations in female breast cancer and normal tissue.
Materials and methods: The concentration of metals in 16 non-cancerous breast
tissues and 67 breast cancer samples was measured by flame atomic absorption spec-
trometry.
Results: In the case of normal breast tissue the concentrations were 0.61 ± 0.24
µg Cd/g dry tissue, 1.84 ± 0.67 µg Ni/g dry tissue, and 3.63 ± 1.00 µg Al/g dry
tissue, whereas in breast cancer concentrations of metals were 0.76 ± 0.38 µg/g dry
tissue, 2.26 ± 0.79 µg/g dry tissue, and 4.40 ± 1.82 µg/g dry tissue, respectively.
The concentration of Cd and Al in normal breast tissue was significantly lower than
in breast cancer. In the case of Ni concentration, we did not observe statistically sig-
nificant differences between normal and cancerous tissue. There were no significant
differences in concentration of studied metals, in breast cancer, in the context of age,
menopausal status, and cancer histological grading.
Conclusion: The data obtained show higher concentration of cadmium and aluminium
and support a possible relationship between those metals and breast cancer
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Introduction

Cadmium (Cd) and nickel (Ni) are transition met-
als, which have been classified as human carcinogens
by the International Agency for Research on Cancer.
This classification is based on epidemiological studies
in occupationally exposed workers and animal studies
[1-5]. Anthropogenic emission of these metals exceeds
emission from natural sources by two- to tenfold [3, 6].
As to Ni, it can be combined with other metals, such
as iron, copper, chromium, and zinc, to form alloys, like
stainless steel [5, 7-10]. Human exposure to Ni and Cd
occurs primarily via inhalation and ingestion. In ad-
dition, absorption of Ni can occur through skin con-
tact with metals containing this element, as well as by
wearing jewellery and using coins that are produced
from Ni alloys [9, 11]. In the case of Cd, absorption

is strongly dependent on the route of exposure. Only
about 5% of its oral dose is absorbed by the gastroin-
testinal tract and more than 90% is absorbed from the
lung [6]. Carcinogenesis is also considered as a critical
effect of Cd. There are studies that indicate a role of this
metal in renal, liver, haematopoietic system, bladder
and stomach cancer in humans. Some evidence indicates
that environmental cadmium exposure can also be as-
sociated with prostate, pancreatic and breast cancer in
humans [12, 13]. Approximately 10-20% of the pop-
ulation is sensitive to nickel. Its accumulation in the
body through chronic exposure could lead to lung fi-
brosis, cardiovascular and kidney diseases and car-
cinogenesis [5, 8, 14]. Epidemiological studies have
clearly implicated Ni compounds as human carcinogens
based on a higher incidence of lung and nasal cancer
among nickel mining, smelting and refinery workers.
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There are some reports suggesting that exposure to nick-
el could also cause other types of neoplasms such as car-
cinoma of the larynx, kidney, prostate, stomach, and
soft-tissue sarcomas. However, the statistical signifi-
cance of these findings is unproven [2, 5, 9, 15].

Aluminium (Al) is the third most abundant element
in nature after oxygen and silicon, comprising ap-
proximately 8% of the Earth’s crust [16, 17]. Sever-
al substances containing Al are used as food packag-
ing materials [17-19]. Salts of Al are used as the active
antiperspirant agent in underarm cosmetics. Their
mode of action is thought to involve blocking of the
sweat duct which prevents the secretion of sweat onto
the skin surface, probably through the formation of
a physical plug composed of precipitated salts and dead
cells at the top of the sweat duct [20, 21]. The met-
al is absorbed through several routes. These include
oral, intranasal, transdermal, and parenteral pathways.
Absorption of this metal is increased by low pH which
enhances the solubility of aluminium species. In hu-
mans, Al plays the causal role in dialysis en-
cephalopathy, osteomalacia and microcytic anaemia.
Furthermore, several studies have suggested a possi-
ble link between Al neurotoxicity, Alzheimer’s disease
and breast cancer [17, 21].

The aim of this study was to examine the concen-
tration of Cd, Ni, and Al in normal and cancerous breast
tissue and to evaluate relationships between the con-
centration of these metals and clinicopathological pa-
rameters of cancer.

Materials and methods

Samples of ductal breast carcinoma were obtained
from 67 women (age range 32-78 years, mean ± SD
52.83 ± 6.41) undergoing surgery for breast neoplasms
in the Polish Mother’s Memorial Hospital, Lodz,
Poland. No distant metastases were found in any of the
patients at the time of treatment onset. The median
follow-up of patients at the time of analysis was 39
months (range: 2-71 months). The average tumour size
was 20 mm (range 17-32 mm). All the tumours were
graded by a method based on the criteria of Bloom-
Richardson [22]. Histological grades were evaluated
in all the cases: grade I – 21 cases, grade II – 40 cas-
es and grade III – 6 cases. Additionally, all these women
were not especially exposed to carcinogenic metals.

Non-cancerous tissue samples were collected from
16 breasts of the same patients and excised from non-
affected areas of mammary gland about 5 cm away,
or as far from the neoplasm as possible. These tissues
were also histologically diagnosed and used for met-
al detection (control) only if there was no trace of can-
cer tissue.

Immediately after resection, samples were placed in
polyethylene containers and stored at –20°C for sub-
sequent analysis of their Cd, Ni and Al content.

Reagents and solutions

All used reagents and chemicals were analytical
grade. Bidistilled and freshly deionized water, resist-
ance 18.2 MΩ/cm, Milli-Qplus (Millipore, Billerica,
MA, USA) was used throughout this procedure.
HNO3, HCl and H2SO4 (Suprapure, Merck, Darm-
stadt, Germany) were used for the preparation of so-
lutions. All glassware (borosilicate) and plasticware (low-
density polyethylene) were soaked in 2% (v/v) HCl for
2 h, rinsed with deionized water, soaked in 2% (v/v)
HNO3 for 2 h, and then rinsed several times with deion-
ized water.

Instrumentation and sampling procedure

A flame atomic absorption spectrometer (AAnalyst
100, Perkin–Elmer Instrument, CT, USA) was used
to determine metal concentrations. For the calibration,
working solutions of metals were prepared based on
TraceCERT® (Sigma-Aldrich Corp, St. Louis, MO,
USA).

Thawed tissues were dried by incubation at 80°C un-
til tissues achieved a constant weight. Then, the tis-
sue samples, weighing 0.2–0.5 g, were mineralized in
aqua fortis (mixture of concentrated HNO3 and
H2SO4). After mineralization, each sample was dilut-
ed to 10 ml of deionized water. The accuracy and pre-
cision of analysis for tissue Cd, Ni and Al contents were
assessed by a simultaneous analysis of a standard ref-
erence bovine liver sample (SRM 1577b, The National
Institute of Standards and Technology, USA). In the
range of the samples analysed in the study, the preci-
sion for Cd, Ni, and Al were ± 4, 3 and 5%, respec-
tively. For each sample, three parallel independent de-
terminations were made. The final concentrations were
reported in µg metal/g dry tissue.

Statistical methods

The STATISTICA 5.0 software (StatSoft, Inc.
USA) made the statistical calculations. For the con-
centrations of various metals in the investigated sam-
ples, mean and standard deviations (SD) were com-
puted. None of the metal concentrations passed the test
for being normally distributed (Kolmogorov-Smirnov
test) and therefore nonparametric statistical tests
were used for analysing the results (Mann-Whitney
U test; Spearman’s rank analysis). P-values < 0.05 were
considered to be significant.

Results

The presence of Cd, Ni and Al was detected in all
control and breast cancer samples. All mean and SD
values for each of the three metals were expressed in
micrograms per gram dry tissue weight. The results of
the analysis of cadmium, nickel and aluminium in nor-
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mal breast tissue and female breast cancer are presented
in Fig. 1. Concentration of cadmium in normal breast
tissue ranged from 0.09 to 1.24 µg/g dry tissue and the
mean value (0.61 ± 0.24 µg/g dry tissue) was statis-
tically lower than in breast cancer (Mann-Whitney
U-test, P < 0.05). The concentration of Cd in breast
cancer was between 0.16 and 1.56 µg/g dry tissue. Sim-
ilar differences were observed in the case of Al con-
centration (Mann-Whitney U-test, P < 0.05). In non-
cancerous tissue concentration of Al ranged from
0.32 to 6.59 µg/g dry tissue, whereas in breast cancer,
the concentration of Al was contained within the broad
range 0.28–8.32 µg/g dry tissue. Mean Al content in
normal tissue was 3.63 ± 1.00 µg/g dry tissue. In nor-
mal tissues as well as in breast cancer samples Al con-
centration was the highest among investigated met-
als (Fig. 1). In the case of Ni, concentration of this metal
was nearly significantly lower in normal tissues than
in breast cancers (Mann-Whitney U-test, P = 0.057).
Concentrations of Ni in normal tissues were in the range
0.37-2.85 and mean was 1.84 ±0.67 µg/g dry tissue.
In breast cancer samples, the concentration of Ni was
0.59-4.80 µg/g dry tissue. The observed mean Cd
concentration in analysed cancers was threefold low-
er than the mean Ni content (Mann-Whitney U-test,
P < 0.0001). Interestingly, there was a significant in-
verse correlation between the mean concentration of
cadmium and nickel in female breast cancers (Spear-
man’s rank correlation coefficient R = –0.298,
P < 0.05). Mean concentration of aluminium in breast
cancer was over fivefold higher than cadmium con-
centration (Mann-Whitney U-test, P < 0.0001) and
nearly twice as high as Ni content (Mann-Whitney
U-test, P < 0.0001). There was no correlation between
concentration of aluminium and other metals.

Quantitative analysis of Cd, Ni, and Al in the con-
text of breast cancer and clinicopathological parame-
ters is shown in Table I. Statistical analysis showed no

significant differences of studied metals in the context
of age, menopausal status, and cancer grade.

Discussion

The main causes of breast cancer development are
sex, age, lack of childbearing or breastfeeding, high-
er hormone levels, race, economic status and dietary
iodine deficiency. High-fat diet, alcohol intake, obe-
sity, environmental factors such as tobacco use, radi-
ation, endocrine disruptors and shift work and genet-
ic factors increase the risk of cancer development.

The relationships between risk factors and breast can-
cer development are not exactly known. Therefore, the
identification of new risk factors for breast cancer is ur-

CADMIUM, NICKEL AND ALUMINUM AND FEMALE BREAST CANCER

Table I. Quantitative analysis of Cd, Ni, and Al (µg/g dry tissue) in the context of female breast cancer and clinico-
pathological parameters

CD (MEAN ±SD) NI (MEAN ±SD) AL (MEAN ±SD)

Total (n = 67) 0.76 ±0.38b 2.26 ±0.79 4.40 ±1.82
Age

< 40 (n = 21) 0.72 ±0.30 2.30 ±0.85 4.32 ±1.77
40-60 (n = 39) 0.79 ±0.40 2.33 ±0.74 4.36 ±1.93
> 60 (n = 7) 0.77 ±0.33 2.29 ±0.80 4.42 ±1.80

Menopausal status
Premenopausal (n = 31) 0.77 ±0.38 2.13 ±0.60 4.62 ±1.73
Postmenopausal (n = 36) 0.75 ±0.38 2.37 ±0.93 4.15 ±2.01

Scarf-Bloom-Richardson grade
I (n = 21) 0.75 ±0.39 2.16 ±0.86 4.09 ±1.91
II (n = 40) 0.77 ±0.37 2.31 ±0.78 4.55 ±1.87
III (n = 6) 0.73 ±0.45 2.26 ±0.61 4.56 ±1.22

normal tissue, n = 16 breast cancer, n = 67

Fig. 1. The content of cadmium, nickel, and aluminium
in normal tissue compared to female breast cancer. Each
bar represents a mean ± SD value. Statistical analysis by
the Mann-Whitney U test indicates significant differences
in the content of cadmium and aluminium between
normal tissue of mammary gland and breast cancer
(P < 0.05). In the case of Ni concentration, there was no
statistical difference between normal and cancerous
samples
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gently needed, and an analysis of some gene poly-
morphisms could be an interesting option. In our ear-
lier study we investigated the association between DNA
repair gene polymorphism and the incidence of breast
cancer in Polish women [23, 24]. In the present work
we investigated whether the concentrations of Cd, Ni,
and Al in breast tissues were associated with the risk
of breast cancer in Poland.

In our study we found an association between breast
cancer occurrence and concentration of Cd, Ni, and Al
in this study population. The concentration of Cd, Ni,
and Al was associated with an elevated risk of breast
cancer in the Polish population. The concentration of
Cd and Al in normal breast tissue was significantly low-
er than in breast cancer. In the case of Ni concentra-
tion, we did not observe statistically significant dif-
ferences between normal and cancerous tissue.

We also analysed the concentration of Cd, Ni, and
Al in groups of patients suffering from breast cancer
according to different cancer grading by the Bloom-
Richardson classification. In the present study, con-
centration of Cd, Ni, and Al was not related to can-
cer grade. The reason for this may be the relatively small
group of grade I, II and III enrolled in our study.

The present work was performed on an ethnically
homogeneous population, which may improve our
knowledge regarding to what extent the genotype-
phenotype relationship variations are population-related.

In the light of numerous studies, the investigated met-
als have multiple effects on cells and can be involved
in carcinogenesis. Cadmium affects cell proliferation, dif-
ferentiation, apoptosis and signal transduction by en-
hancement of protein phosphorylation and activation
of transcription and translation factors. Cd reduces ac-
tivities of proteins involved in antioxidant defences and
stimulates the production of reactive oxygen species,
which may act as signalling molecules in the induction
of gene expression and apoptosis. Several studies have
shown that Cd interferes with DNA repair and DNA
methylation. The inhibition of DNA repair processes
by Cd represents a mechanism by which this metal en-
hances the genotoxicity of other agents and may con-
tribute to tumour initiation by cadmium. This metal
may also play a role in the progression of cancer, by in-
creasing the metastatic potential of existing cancer cells.
However, the mechanisms underlying these effects have
not yet been elucidated. Some studies have shown that
cadmium can disrupt the tight junctions between many
types of epithelial cells by interfering with the normal
function of E-cadherin, a Ca2+-dependent cell adhesion
molecule that plays a key role in epithelial cell-cell ad-
hesion. The disruption of E-cadherin-mediated cell ad-
hesion can trigger the β-catenin-mediated activation of
oncogenes in epithelial cells and increase the invasive
potential of epithelial-derived cancers [3, 6, 12, 25, 26].

In the case of Ni, the mechanisms of carcinogene-
sis are likely to involve genetic and epigenetic routes.

The molecular mechanisms of nickel-induced car-
cinogenesis include production of oxidative DNA dam-
age and inhibition of DNA repair. Additionally, Ni in-
duces oxidative stress that depletes glutathione, as well
as activation or silencing of certain genes and tran-
scription factors, especially those involved in the cel-
lular response to hypoxia. The epigenetic effects of Ni
include alteration in gene expression resulting from
DNA hypermethylation and histone hypoacetyla-
tion. However, the exact molecular mechanisms of Ni
carcinogenesis are not known and have been the sub-
ject of numerous epidemiological and experimental in-
vestigations [5, 9].

At a molecular concentration, any effects of Al would
be most likely to involve DNA damage followed by
aberrant signalling of growth pathways [21]. Al has
been suggested to contribute to oxidative stress [17, 21].
The established role of oestrogen in the development
and progression of breast cancer raises questions con-
cerning a potential contribution from the many che-
micals in the environment which can enter the human
breast and which have estrogenic activity [20]. Cd, Ni
and Al belong to the class of environmental endocrine
disrupters and have a significant effect on ERα ex-
pression and activity [21, 27-29].

Because exposure to metals is widespread, the elu-
cidation of their roles in the aetiology and development
of hormone-related diseases, such as breast cancer, may
have significant implications in risk reduction and dis-
ease prevention [27].
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