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Triple-negative breast cancer (TNBC) is a   highly "aggressive" malignant neoplasm with limited treatment options due

to the lack of expression of estrogen and progesterone receptors and HER2/neu. In search of novel molecules displaying

anti-TNBC activities, the TNBC cell line MDA-MB231 was exposed to cadmium chloride and/or manganese chloride, and

a biological characterization of the effect observed was performed. The data obtained demonstrate a cytotoxic effect

exerted by cadmium chloride with drastic changes affecting gene expressions and production of reactive oxygen species.

Conversely, manganese chloride was effective in increasing cell number and promoting cell invasive ability.  Such effect

was reverted by coexposure with cadmium chloride. Thus, metal compounds appear to be able to modulate the biological

behavior of TNBC cells, although addressing them to different fates. The data obtained suggest that high environmental

pollution with manganese chloride might increase the risk of breast tumorigenesis. On the other hand, the

restraining  modulatory property of cadmium chloride looks promising and deserves a more detailed mechanistic study

aimed to the identification of possible molecular targets instrumental in inhibiting the expansion of malignant breast

cancer.
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1. Introduction

This article is related to the paper "Effect of Manganese Chloride and of Co-Treatment With Cadmium Chloride on the In
Vitro  Proliferative, Motile and Invasive Behavior of MDA-MB231 Breast Cancer Cells" that has been published

by Molecules .  Triple-negative breast cancer (TNBC) is a  highly "aggressive" malignant neoplasm with limited treatment

options due to the lack of expression of estrogen and progesterone receptors and HER2/neu . MDA-MB231 is a cell line

derived from  a pleural effusion of a TNBC of basal subtype and represents a suitable model system for  in
vitro investigation on this neoplastic histotype .

In search of novel molecules and/or treatment protocols displaying anti-TNBC activities, MDA-MB231 cells were exposed

to different metal compounds. Literature data indicate that some of them can exert cytotoxic effects. For example, iron-

manganese-doped sulfated zirconia nanoparticles were found to determine a concentration-dependent inhibitory effect on

cell viability with prominent morphological changes attributable to cellular damage addressing them to death. Also, gallium

and ruthenium complexes were proven effective on MDA-MB231 cells. In particular, the former ones were found to trigger

cell cycle malfunctions and apoptosis by down-regulating AKT phosphorylation and activating caspases 3 and 7, and the

latter ones were found active also in modifying the architecture of actin cytoskeleton and restraining the extracellular

release of metalloproteinase-9 whose contribution to the invasive process is fundamental .

My research group have contributed to this field of research by investigating the effect of administration of different

concentrations of cadmium chloride to MDA-MB231 cells, also comparing tumor cell behavior with that of HB2, a non-

neoplastic immortalized cell line from human breast epithelium . Our results demonstrated the cytotoxic effect of the

compound with a 50% inhibitory concentration (IC ) of 5 μM for cancer cells after 96 h-incubation. This concentration was

uneffective in modifying the growth behavior of immortalized cells.

A biological characterization was performed on the effect of cadmium chloride  administered at 96 h-IC  to MDA-MB231

cells and the results are schematized as follows (see refs. ):

-Gene expression levels were up- or down-regulated as indicated below:

Gene Protein product up↑ down↓ Fold changes
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HSPA5 Endoplasmic reticulum chaperone BiP ↓ 54.2

HSPA8 Heat shock cognate 71 kDa protein ↓ 4.9

HSPB1  Heat shock protein beta-1  ↑ 8.7

HSPD1 60 kDa heat shock protein, mitochondrial ↓ 2

HSP90AB1 Heat shock protein HSP 90-beta   ↓ 2.57

TRAP1 Heat shock protein 75 kDa, mitochondrial ↓ 9.5

MT1A Metallothionein-1A ↑ 2.34

MT1F Metallothionein-1F ↑ 3.65

MT1G Metallothionein-1G ↓ 18.8

BCL2 Bcl-2 ↓ 53

WAF1 Cyclin-dependent kinase inhibitor 1 ↑ 10.4

DAPK Death-associated protein kinase-1 ↑ 55

RIPK1 Receptor-interacting protein 1 ↑ undetectable in control

CASP1 Caspase-1 ↑ 106

CASP2 Caspase-2 ↑ 3

CASP6  Caspase-6  ↑ 31.3

CASP7  Caspase-7   ↑ 15

CASP8 Caspase-8 ↑ 9.25

CASP9  Caspase-9 ↑ 4.7

MAPK14 Mitogen-activated protein kinase p38 alpha ↓ 8

MAPK11 Mitogen-activated protein kinase p38 beta ↓ 4

MAPK12 Mitogen-activated protein kinase p38 gamma ↑ 7

COX2 Cytochrome c oxidase subunit 2 ↓ 3

COX4  Cytochrome c oxidase subunit 4 ↓ 1.9

AEG1 Astrocyte elevated gene-1 protein ↓ 8.5

PLP2  Proteolipid protein 2 ↑ 2

FOS Proto-oncogene c-Fos ↓ 3.2

JUN Proto-oncogene c-Jun ↓ 3.5

-At protein accumulation level, a decrease was found for mitochondrial hsp60, MAP kinase p38 gamma, astrocyte

elevated gene 1-protein and cytochrome c oxidase subunits 2 and 4, whereas an increase was observed for cytosolic

hsp60, hsp70, hsc71 and MAP kinase p38 beta.

-The nuclear import of astrocyte elevated gene 1-protein and NF-kB p65 was down-regulated. 

-Mitochondrial respiratory activity increased and a massive production of reactive oxygen species was found, although the

mitochondrial transmembrane potential was not affected.

A second set of experiments was aimed to examine the dose–response effect of different concentrations of another metal

compound, i.e. manganese chloride, on MDA-M231 cell viability and growth. Also in this case  tumor cell behavior was

compared with that of immortalized HB2 cells. Such evaluation was supplemented by the analysis of tumor cell motility

and invasiveness in vitro, the latter being  quantitated by specific parameters such as invasion index (I.I.) and relative

invasion index (R.I.I.) . 

Exposure to 1, 5, 10, and 50 µM manganese chloride for 96 h resulted in an increase of cell population up to about 32, 52,

47, and 32% vs.  untreated controls, respectively. Conversely, exposure to 100 µM manganese chloride  for 96 h

determined a prominent decrease of cell number. The viability and proliferative behavior of HB2 cells was not significantly
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modified by the presence of manganese chloride in the culture medium, except for the highest concentrations which

determined a reduction of cell number.

2 .Experiment

Boyden chamber assays were then performed to evaluate tumor cell motility and invasiveness after exposure to 5 µM

concentration of manganese chloride for 96 h, which in the proliferation assays induced the more elevated increase of the

cell population. In particular, the experiments were performed using “blind well” chamber (top well = 800 µL, bottom well =

200 µL; purchased from Neuro-Probe, Cabin John/MD, USA). Polyvinylpyrrolidone-free polycarbonate filters with an 8-µM

pore diameter and 50 mm  exposed area (purchased from Nucleopore, Pleasanton/CA, USA)  were allocated in the

chamber and coated with either type I collagen for chemoinvasion assays, or matrigel, a reconstituted 3D basement

membrane matrix from Engelbreth–Holm–Swarm murine sarcoma, for chemonvasion assays. Under this experimental

condition, following exposure to manganese chloride the invasive ability of MDA-MB231 cells was found enhanced with an

R.I.I. of 2.78.

In a third set of experiments, we evaluted the proliferative and invasive behavior of breast cancer cells following

coexposure to 5 µM of both cadmium and manganese chloride for 96 h. Under this experimental condition, the results

obtained demonstrated a reversion of the growth-promoting effect observed after exposure to manganese chloride only.

Similarly, the R.I.I. was found to diminish from 2.78 down to 1.  The explanation of this finding may rely, at least in part,

upon the known competition of manganese and cadmium for the same transmembrane transport systems, and the

impairment of activity of mitochondrial manganese superoxide dismutase due to the alterations induced by cadmium on

mitochondrial respiration

In conclusion, metal compounds appear to be able to modulate the biological behavior of TNBC cells, such as MDA-

MB231, although addressing them to different fates. Although caution must be exercised in extrapolation of in vitro results

to the in vivo situation, the data obtained suggest that high environmental pollution with manganese chloride might

increase the risk of breast tumorigenesis in exposed humans by promoting the growth and spreading of subpopulations of

malignant TNBC cells. On the other hand, the restraining  modulatory property of cadmium chloride  against the

proliferation and invasiveness of manganese-treated MDA-MB231 cells looks promising and deserves a thorough study of

the involved intracellular mechanisms and pathways aimed to the identification of possible molecular targets instrumental

in inhibiting the expansion of malignant breast cancer.
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