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ABSTRACT

Cadmium is a potent carcinogenic environmental pollutant that has been lastly linked to breast can-
cer. This research was done to find out the role of cadmium in induction of breast cancer both in-vivo and
in-vitro. In-vivo study was conducted on 100 female patients who were randomly chosen from those at-
tending Oncology Center, Mansoura University. Cadmium concentration was measured in urinary and
tissue samples from 75 patients with breast cancer (test group) and 25 patients with benign breast diseas-
es (positive control group), using inductive coupled plasma (ICP) - spectrometer. In-vitro study included
primary cultured normal mammary cells that were divided into test group (treated with CdCl, at a con-
centration of 15uM) and a matched control group (untreated cultured mammary cells). Cell viability and
bleomycin dependent DNA damage were evaluated. In-vivo study shows significant increases in urinary
and tissue cadmium concentrations in breast cancer patients compared to their corresponding controls
(p=0.000). Regarding in-vitro study, significant reduction in cell viability associated with significant in-
crease in DNA damage were observed (p<0.05). It could be concluded that the present study posits a cau-
sal association between cadmium exposure and breast cancer.

Keywords: Cadmium, Breast cancer, In-vivo, In-vitro, DNA damage.

INTRODUCTION

113

Cadmium is an abundant highly toxic
non essential divalent heavy metal (Badisa
et al., 2007). Atmospheric deposition of
airborne cadmium, mining activities and
application of cadmium containing ferti-
lizers, sewage sludge on farm land with
subsequent contamination of crops and
vegetables grown for human consumption
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as well as tobacco smoking; represent im-
portant sources of cadmium exposure
(Jarup and Akesson, 2009).

In Egypt, the River Nile is seriously
contaminated with heavy metals includ-
ing cadmium (Mansour et al., 2009). It was
found that cadmium is present in signifi-
cantly high concentration in atmospheric
air samples (Hassanien, 2007), cucumber
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and potato samples (Mansour and Gad,
2010). Abdel-Sabour (2001) found high
levels of heavy metals, including cadmi-
um in soil, water and subsequently fish
and irrigated plants in Dakahlia Governo-
rate, Egypt. Soliman et al. (2002) consid-
ered serum cadmium levels of Dakahlia
residents almost 10-fold higher than those
of Cairo residents and 32 times higher
than reference levels for healthy popula-
tions in the United States.

IARC (1993) had declared cadmium as
a probable human carcinogen. It was
linked to many environmental - induced
cancers e.g. pulmonary, prostatic and tes-
ticular carcinomas (Waalkes, 2003). World-
wide, breast cancer is the most common
malignancy that affects women and is con-
sidered a leading cause of death in fe-
males (Brama et al., 2007). In Egypt, it rep-
resents 37.5% of total cancer cases among
Egyptian females and is considered the
fourth cause of death (Elattar, 2005). Over
the past decades, there has been a signifi-
cant continuous increase in breast cancer
rates. Yet, the underlying causes of this in-
crease are still largely unknown (Byrne et
al., 2009).

A debate has been raised regarding the
role of cadmium in induction of human
breast cancer (Jarup et al., 1998). Since pri-
mary cell culture has the advantage of be-
ing freshly removed from the in vivo situ-
ation and therefore expected to be more
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closely resembling the function of the tis-
sue (Mather and Roberts, 2002), therefore,
primary cultured normal mammary cells
were chosen for this study. This research
aims to find out a causal association be-
tween cadmium and induction of breast
cancer through in vivo study confirmed
by an in vitro study to elucidate the possi-
ble toxic effects of direct exposure to cad-
mium on mammary cells.

SUBJECTS, MATERIAL AND METHODS

1. In vivo study: This study was con-
ducted on 100 female patients attending
Oncology Center, Mansoura University,
Dakahlia Governorate, Egypt. Their ages
ranged from 30 -70 years. Relevant in-
formation was obtained from each pa-
tient before surgery regarding residence,
occupational history, smoking habits and
reproductive history. Patients with posi-
tive family history of breast carcinoma
were excluded from the study. Informed
consent was obtained to get the biopsy ac-
cording to the rules of the regulatory med-
ical research ethics committee.

1.1. Study groups: Patients were di-
vided into 2 groups. The first group (75 fe-
male patients), have histologically con-
firmed breast carcinoma lesions. The
second group (25 female patients), have
non risky non proliferative benign breast
disease that served as a positive control

group.
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2. Study design: 10 ml spot urine
sample and 10 gm of breast adipose tissue
were obtained from each subject. Samples
were kept in polyethylene containers that
were cleaned using multistep acid leach-
ing and frozen immediately at -20°C until
analysis. All samples were transferred to
the laboratory in an ice-box using ice chips
to preserve them. Digestion was done us-
ing advanced microwave digestion system
"Milestone ETHOS-1 lab station", then,
cadmium concentrations were measured
using ICP-spectrometer (iCAP 6000 Series;
Thermo Scientific) according to manufac-
turer instructions.

3. In vitro study: Primary cultured
normal mammary cells were prepared in
the Pharmacognosy Department, Faculty
of Pharmacy. It was originated from a
fresh normal breast tissue that was taken
distant from the lesion and confirmed his-
tologically as normal breast tissue of a
young female patient (30 years old, Man-
soura resident) who was admitted to On-
cology Center for excision of fibroadeno-
ma after obtaining informed consent
according to the regulatory medical re-
search ethics guidelines.

3.1. Cell line and culture conditions
(Mather and Roberts, 2002): Primary cul-
tured normal mammary cells were
cultured in Roswell Park Memorial Insti-

tute (RPMI) media, supplemented with

Mansoura J. Forensic Med. Clin. Toxicol.

115

100 pg/ml penicillin-streptomycin, 2.5
pg/ml fungizone, 10% heat-deactivated
foetal calf serum and 2 mM glutamine.
Cells were allowed to grow at 37°C in a
humidified atmosphere of 5% CO, and
95% air to form a monolayer, and then
seeded at 1 x 104 cells / well in a 96-well

microplate.

2.2. Chemicals: Cadmium chloride
(CdCl,), hydrochloric acid (HCl25% v/
v), RPMI media, foetal calf serum, peni-
cillin, streptomycin, fungizone, gluta-
mine, trypan blue stain and KH,PO,-
KOH buffer were purchased from Sig-
ma - Aldrich, Co., Egypt. Ascorbic acid
was purchased from Memphis Pharma-
ceutical Co., Egypt. Bleomycin sulfate
was purchased from Cipla, India. Pow-
dered kit for DNA analysis, Ethylenedia-
minetetraacetic acid (EDTA) powder and
thiobarbituric acid (TBA, 1% w/v) were
purchased from Sigma, USA. Magnesium
chloride (MgCl,)

(FeCl,) were purchased from El-Nasr Co.,
Egypt.

and ferric chloride

2.3. Determination of CdCl, lethal
concentrations, (LCzp) on primary cul-
tured normal mammary cells: Cells were
treated with CdCl, solution at different
concentrations (0.5, 5, 10, 20, 50, 100 uM),
then incubated for 48 hrs to determine
LCsy of cadmium wusing trypan blue
exclusion test (El-Gazzar et al.,, 2009).
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It was found to be 15uM (Fig. 1).

2.4. Cell treatments: Cells were divided
into one test group that was treated with
CddCl, at a concentration of 15uM and a
matched control group which consisted of
untreated human mammary epithelial
cells. All chemicals were dissolved in
RPMI and then filtered with membrane fil-
ter (0.2um) before cell treatments. Cell via-
bility and DNA fragmentation were meas-
ured at 1, 24 and 48 hrs to evaluate CdCl,
toxic effects by the following:

a- Evaluation of cell viability: Cells
were removed from culture; then counted
on haemocytometer at 1, 24 and 48 hrs.
Cell viability was determined by trypan
blue exclusion test.

116

b- Bleomycin-dependent DNA dam-
age assay: According to El-Gazzar et al.
(2009), DNA damage was assayed using
spectrophotometer Spekol 11. Absorbance
was measured at 532 nm.

Statistical analysis

Data were analyzed using SPSS version
16 and represented as median and inter-
quartile range (IQR). Mann-Whitney test
and Wilcoxon Signed Ranks test were per-
formed to study the correlation between
variables. Significance was set at P < 0.05.
Odds ratios and corresponding 95% confi-
dence interval (CI) were calculated to esti-
mate the magnitude of association be-
tween independent variables and elevated
cadmium concentration.

RESULTS
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Figure (1): Determination of CdCl, lethal concentrations, applied to primary cultured normal mammary

cells.
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Table (1): Characteristics of patients of control and test groups.

Positive control Test group
Characteristics group (n=25) (n=75) Odds ratios | 95% Confidence
n % n % interval
Residence
Rural 16 64 52 69.3 1.272 0.490 — 3.298
Urban 9 16 23 30.7
Smoking
Smokers 0 0 0 0
Passive smokers 13 52 35 46.74 0.808 0.326 - 1.999
Non smokers 12 18 40 53.3
Marital Status
Married 23 92 73 97.3 3.174 0.423 —23.812
Single 2 8 2 2.7
Oral contraception
Positive 13 52 47 62.7 0.645 0.259 — 1.609
Negative 12 48 28 37.3
Menopausal status
Pre-menop ausal 20 80 32 42.7 5.375 1.823 — 15.852
Post-menopausal 5 20 43 573
Parity
0-1 8 32 8 10.7 1
2 6 24 15 20 2.5 0.53-123
3 or more 11 44 52 69.3 4.7 1.26 — 18.11
Age at menopause (year)
< 45 1 4 5 6.7 1
45- 49 4 16 29 38.7 1.45 0.72 -1.54
30- 34 0 0 9 12 1.2 0.84—1.72

Table (2): Cadmium concentrations (mg/kg) in urine and cancer tissue samples of positive
control and test groups.

Positive control group Test group
(mg/kg) (mg/kg)
Urinary cadmium
*
median 0.0078 0.2407
IQR (0.00165 -0.0157) (0.161 -0.39)
Tissue cadmium .
median 0.0455 0.2867
IQR (0.0159 - 0.0831) (0.1678 - 0.5984)
* Significant at P<0.05. TIncreased

Table (3): Cell viability and Bleomycin-dependent DNA damage assay in control and test
groups of primary cultured normal mammary cells.

CdCl, treated group
Control group Thr 24hr 48hr
Cell viability . ) N
median 100 58] 61) 32)
IQR 98-100 87-63 58-64 29-37
DNA damage . . .
median .082 29921 3117 0.3337
IQR 0.081-0.08 3 0.02-0.031 0.30-0.32 0.32-0.34
* Significant at P<0.05. TIncreased |Decreased
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Figure (2): Percentage of occupations in test group versus control group.
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This study was conducted on 100 fe-
male patients with abnormal breast mass.
The mean age for patients with benign
breast disease was 40.4+11.43, while mean
age for patients with breast cancer disease
was 51+9.43.

Table (1) showed that married, rural
residents and postmenopausal females
had a higher risk for developing breast
cancer than their corresponding controls.

In patients with breast cancer, median
values of cadmium concentration were
0.240 mg/kg (0.161-0.39) in urine samples
and 0.286 mg/kg (0.168-0.598) in cancer
tissue samples, while in patients with be-
nign tumor, the corresponding values
were 0.008 mg/kg (0.002-0.016) and 0.046
mg/kg (0.016-0.083) respectively. A statis-
tically significant difference in cadmium
concentrations were observed in urine and
tissue samples of patients with malignant
lesions compared to corresponding
groups of patients with benign lesions

(P=.000 for each) (Table 2).

Table (3) demonstrated significant re-
duction in cell viability with significant in-
crease in DNA damage in cadmium treat-
ed group compared to control group (p<
0.05 for each).

DISCUSSION

Cadmium is a ubiquitous environmen-
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tal pollutant which has several known ad-
verse health effects including carcinogene-
sis (Ferrigno et al., 2009). Breast carcinoma
is considered the most common malignan-
cy that can affect women and cause death
worldwide (Brama et al., 2007). This study
was designed to elucidate the causal rela-
tion between cadmium and induction of
breast cancer.

Data of the present work revealed that
female patients who lived in rural areas
represented higher risk incidence for de-
veloping breast cancer than those lived in
urban areas which differs from Lannin et
al. (1998), they stated that breast cancer is
recognized as a disease that occurs more
often among women of the upper social
classes. No significant risk difference was
detected regarding smoking habits in pa-
tients with breast cancer and those with
benign breast diseases. Housewives and
farmers represented the highest incidence
in developing breast cancer (figure 2).

In the present study, married women
were at higher risk for developing breast
cancer. This was in disagreement with
Kuehn et al. (2000), who reported that
never-married women over age 40 have
been found to have a higher risk of breast
cancer than those who have been married,
an association attributed to a reduced risk
associated with childbearing.

Postmenopausal females were at higher
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risk to have breast cancer especially after
45 years old. This finding supports previ-
ous work done by Antila et al. (1996) who
reported that post-menopausal breast can-
cer patients having a decline in their pro-
gesterone levels and increasing cadmium
concentrations by age can have increased
risk of breast cancer. McElory et al. (2006)
showed that premenopausal younger wo-
men were at higher risk for breast cancer
with increased cadmium concentration.

From such results, it was suggested that
diet and water may be the main sources
for cadmium exposure as most of the
study group were non occupationally ex-
posed housewives and farmers who lived
in rural areas as well as non of patients
were active smokers; that indicates low so-
cioeconomically status subsequently they
may have been depended mainly on ce-
reals and vegetables in their diet. This sug-
gestion goes in consistence with McElory
et al. (2006), who stated that for non-
occupationally exposed women who do
not smoke, food is the largest source for
cadmium intake.

Supporting these results, Kriegel et al.
(2006) reported that River Nile and subse-
quently irrigated plants were seriously
contaminated with heavy metals includ-
ing cadmium. Other studies were done by
Mansour et al. (2009); Mansour and Gad,
(2010) who studied risk assessment of pes-
ticides and heavy metals contaminants in
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vegetables and fruits as cucumber and po-
tato samples.

In the current study, urinary cadmium
concentration that indicates long life expo-
sure; in patients with breast cancer was
significantly higher than that of patients
with benign breast diseases. These results
go in consistence with McElory et al
(2006), who carried out a population,
based case central study on 246 women
with breast cancer. They estimated cadmi-
um concentration in urine samples in
which they found a statistically significant
two folds increase in breast cancer risk for
women having higher cadmium concen-
trations.

Another study was done by Strumylaite
et al. (2010), who estimated urinary cadmi-
um concentration in 57 breast cancer pa-
tients versus 51 patients with benign
breast diseases. They demonstrated signif-
icantly higher cadmium concentration in
patients with breast cancer compared to
patients with benign breast diseases.

Data of this study reveals that tissue
cadmium concentration that represents ac-
cumulation of cadmium in breast in pa-
tients with breast cancer was significantly
higher than that of patients with benign
breast diseases. This was in disagreement
with a study that was done by Antila et al.
(1996), they analyzed cadmium concentra-
tion in 43 breast cancer patients versus 32
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healthy controlled subjects and concluded
that mean cadmium concentration in can-
cer patients did not differ significantly
from healthy control; although it was
found in high concentrations in both
groups. They accounted the cadmium is
tightly bound and poorly excreted in hu-
man breast milk.

Other subsequent studies were in con-
sistence to results of this study, Ionescu et
al. (2006) performed analysis for heavy
metals concentrations in relation to breast
cancer in a study of 20 frozen breast can-
cer biopsies. They found that cadmium
was significantly higher in cancer biopsies
than healthy control group.

Another study was done by Strumylaite
et al. (2008), who assessed cadmium con-
centration in breast tissue samples in pa-
tients with breast cancer (n=21) versus
those with benign breast diseases (n=19).
They revealed a statistically significant dif-
ference in cadmium concentrations be-
tween malignant and benign breast tis-
sues.

As well as, Strumylaite et al. (2010) un-
derwent a study on 57 breast cancer pa-
tients and 51 benign diseases. They esti-
mated cadmium  concentrations in
biological media including diseased biop-
sy, healthy tissue, urine and blood for
each patient, where they stated that

cadmium content in malignant tumors
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were significantly higher than that of be-
nign tissue with no significant difference
in healthy tissue between both. They ex-
plained the result of Antila et al. (1996) is
that cadmium analysis may be done in the
tissue near to the malignant tissue but not
in the malignant tissue.

To our knowledge, this is the first study
of the genotoxic effects of cadmium using
primary cultured normal mammary cells.
Results of this research indicate that cad-
mium is significantly cytotoxic to primary
cultured mammary cells in a time depen-
dent manner; cell viability was reduced to
about 33%.

These results go in consistence with
several studies that were done on mam-
mary epithelial cell lines; Roy et al. (2004)
studied the toxic effect of cadmium in nor-
mal (MCF-12A and MCF-12F) and cancer-
ous (MCF-7, BT-549 and 11-9-1-4) human
mammary epithelial cell lines. They found
that cadmium modified the morphological
characters on all cell lines at doses higher
than 10 pM. Meanwhile, Klutse et al.
(2009) studied the toxicological interac-
tions among metals on MCF-7 cell line.
Cells were exposed to individual and com-
posite mixture of the toxic metals accord-
ing to their MCLs (maximum contamina-
tion levels) for 24 hours, cadmium was the
second most toxic metal to the mammary
cells and toxicity was enhanced three
times higher in the composite mixture;
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they accounted such effect to compromis-
ing the cell detoxification process.

Similar effects of cadmium on mam-
mary cells were detected in other different
cell cultures as reported by Ishido and Ku-
nimoto, 2001 who stated that induced cy-
totoxic effects in different cell lines such as
porcaine renal culture, rat proximal tubu-
lar cells, human T cell hybridoma, rat liver
and immunocytes, as well as, Henson and
Chedrese et al. (2004) they reported that
cadmium induced cytotoxicity and cell
death in ovarian cells at high concentra-
tion.

Cytotoxic effects of cadmium could be
explained by the profound destabilizing
effect of cadmium on lysosomes with dif-
ferent degrees from cell to call according
to the metabolic activity; a feature that
was stated by Marigomez et al. (1989) who
studied the effect of sublethal concentra-
tions of cadmium on digestive gland lyso-
somal system of marine prosobranch litto-
rina littorea. Another hypothesis was
stated by Henson and Chedrese et al.
(2004) who referred to cytotoxicity to its
apoptogenic nature and the ability of cad-
mium to disrupt cell membranes and in-
crease Ca+2 ion influx which may account
for these toxic effects.

These results were supported by the
studies of Dally and Hartwig, (1997); they

reported in their study on human Hela
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cells; that cadmium is known to be taken
efficiently by mammalian cells in culture
with the ability to accumulate intracel-
lularly 10 folds more than extracelluar-
ly. Cadmium entry to mammalian cells is
frequently through L-type voltage Ca+2
channels and receptor mediated Ca+
channels Henson and Chedrese et al
(2004).

In the present research, a significant
DNA damage was observed, a finding
that goes in agreement with Roy et al.
(2004), who stated that cadmium can in-
duce DNA damage in different mammary
cell lines. They attributed these effects to
induction of oxidative DNA damage or
their interaction with DNA repair mecha-
nisms.

This damage may be due to the ability
of cadmium to increase reactive oxygen
species resulting in lipid peroxidation,
DNA damage and altered gene expression
as suggested by Badisa et al. (2007); or due
to inactivation of the enzymes responsible
for DNA repair by displacing essential
metal ions especially zinc ions at zinc fin-
ger structure (Hanas and Gunn, 1996).

In conclusion, data of this study show
significant elevation of urinary and tissue
cadmium concentrations in breast cancer
patients associated with significant reduc-
tion in cell viability and significant in-
crease in LDH concentration and DNA

Vol. XVIII, No.2, July 2010



El-Harouny, et al ...
123

damage in primary cultured normal association between cadmium exposure
mammary cells; which can posit a causal and breast cancer.
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