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Abstract— High mortality in breast cancer is associated to a
late diagnosis and therapy of the disease. Our research group is
working on the development of an innovative technology to
promote selective ablation of breast cancer in early stages by
the use of high frequency magnetic fields assisted by magnetic
nanoparticles. The concept behind the technical proposal is to
increase the electrical conductivity of tumoral tissue by the use
of  bioconjugated “magnetic  nanoparticle-monoclonal
antibody”. Is expected that bioconjugated recognizes specific
genes on the surface of cancer cells. The aim of this study was
to evaluate the expression of the c-erbB-2 gene and c-erbB-2
antigen in breast cancer cells type BT-474, MCF-7 and MDA-
MB-231, as previous step to propose the c-erbB-2 protein as
receptor of magnetic nanoparticles. The results suggest that the
elected breast cancer cell lines show well-differentiated relative
expression of the elected gen and antigen, and sems suitable for
experimental evaluation of selective targeting by magnetic
nanoparticles.

1. INTRODUCTION

Cancer is a leading cause of death worldwide. Of the 58
million deaths that occurred worldwide in 2005, 7.6 million
(13%) were due to cancer and of these deaths, over 70%
occurred in developing countries. In Mexico; oncological
diseases represent the second leading cause of death in the
general population. In particular Breast Cancer (BC) is the
leading cause of female mortality.[1],[2],[3],[4]and [5].

The c-erbB-2 gene is a member of the erbB-like oncogene
family, this gene is amplified from 2 to greater than 20-fold
in 30% of human primary breast cancers and this alteration is
associated with disease behavior [6], [7]. Approximately 25%
of primary breast and ovarian tumors overexpress the c-erbB-
2 protein. [8].

PCR-based assays allow quantitative determination of
c-erbB-2 amplification (Q-RT-PCR) is not routinely used,
however has predominantly been used to detect mRNA in
peripheral blood and bone marrow samples [9]. The Q-RT-
PCR method has shown high concordance with
Immunohistochemistry (IHC) and fluorescent in situ
hybridization (FISH), which are currently the most
commonly used methods to assess c-erbB-2 status in breast
tumours. [10], [11], further flow cytometry method is used to
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detect the level of c-erbB-2 antigen expression in breast
cancer cells in vitro. [12].

Nanomedicine has shown an important growing in the
war against cancer in the last two decades. Early detection
and selective therapies are the main limitations of the current
cancer treatments. Several techniques at molecular scale have
been focused on early detection and treatment of the disease
by identification and selective targeting of cancer cells.

Nanomaterials  particularly —magnetic nanoparticles
(MNPs), are increasingly being considered for a number of
biomedical applications due to their inherent ultra fine size,
biocompatibility and superparamagnetic properties. The
functional properties of the MNPs can be tailored for specific
biological functions such as drug delivery, hyperthermia or
magnetic targeting, magnetic resonance imaging (MRI), cell
labeling and sorting, and immunoassays. [13].

In 2005, De Nardo developed bio-reactive probes by
coupling ferromagnetic nanoparticles and chimeric
monoclonal antibodies. They used alternating magnetic fields
in a mouse model to induce ablative toxic effect on HBT3477
cells of breast cancer. Their results showed the potential
value of the technique as ablative therapy against cancer [14].

Johng et al. (2006) developed a novel application of
cobalt ferrite nanoparticles (50 nm) coupled to rhodamine
isothiocyanate (RITC). Nanoparticles were coated with a
biocompatible silica layer and polyethylene glycol, and
infused in rats through an incision near the tail vein and
lumbar lymph nodes. To ensure the nanoparticles migration a
magnet was placed just above the lymphatic vessels.
Confocal and electronic transmission microscopies were used
to observe the nanoparticles location in vivo [15].

Natarajan et al. (2008) described the development of a
breast cancer targeting chimeric L6 (ChL6) monoclonal
antibody (Bioprobe) linked to various nanoparticles (NPs):
20 nm superparamagnetic iron oxide (SPIO), 30 nm
nanoferrite particles (NFP’s) and 100 nm NFP to produce
radioimmunoparticles (RINP’s), as well as the feasibility of
delivering thermo ablation to cancer cells. They evaluated the
targeting and pharmacokinetics of the RINP’s in HBT 3477
breast cancer cells lines and the use of athymic Balb/c nu/nu
mice. The in vivo tumor targeting and in vitro specific energy
absorption rate (SAR) were compared for the various NP’s to
predict thermal dose deliverable at the cancer tissues by
various alternating manetic fields (AMF) amplitudes. The
results suggest that is possible to develop optimal
nanoparticles for future NP-AMF thermal breast cancer
therapy [16].

Zhang et al. (2009) performed a study to evaluate the
cellular uptake behavior of F3-peptide conjugated dextran
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coated iron oxide nanoparticles with normal and tumoral cells
by cell-surface charge Z potential measurements. They
incubated normal breast ephitelial cells (MCF-10A) and
cancer ephitelial cells (MCF-7) with F3 peptide conjugated
dextran coated iron oxide nanoparticles. This bioconjugate
binds to nucleolin that is located in the cytoplasm and surface
of MCF-7. Confocal microscopy analysis was used to
visualize the nanoparticles into the tumoral cells. Further
determine the significant and sensitive changes in Z potential
in the different cells lines. The results suggest that the surface
Z potential measurements are a promising approach in
studying cellular interaction of nanomaterials and describing
their interactions between different cells and specific
nanoparticles as a valuable biological characteristic. [17].

Acharya et al. (2009) used polymeric nanoparticles with
rapamycin as anticancer drug and coupled to a monoclonal
antibody directed against receptor of epidermal growth factor
(EGFR) expressed in breast cancer cells. The anticancer
effect of the formulation of rapamycin alone, rapamycin-
nanoparticles and rapamycin-nanoparticles bioconjugated to
the anti-EGFR antibody were evaluated by cytotoxicity in
vitro studies in MCF-7 breast cancer cells. Their results
showed the possibility to create bioconjugates nanoparticle-
antibody [18].

Hathaway et al. (2011) showed the feasibility of detecting
breast cancer cells labeled with magnetic nanoparticles using
ultrasensitive magnetic field sensors. They characterized by
flow cytometry HER2 (c-erbB-2) expression in breast cancer
cell lines. Also employs ferrite nanoparticles bound to anti-
Her2 antibody incubated with breast cancer cells that
express at different proportions to the Her2 marker. The
results suggest that the antibody magnetic nanoparticles
conjugated represents a promising alternative for the
detection of breast cancer in vitro and in vivo. [12].

Our research group is working on the development of an
innovative technology to promote selective ablation of breast
cancer in early stages by the use of high frequency magnetic
fields assisted by magnetic nanoparticles. The concept
behind the technical proposal is to increase the electrical
conductivity of tumoral tissue by the use of bioconjugated
“magnetic nanoparticle-monoclonal antibody”. Is expected
that bioconjugated recognizes specific antigen on the surface
of cancer cells. The aim of this study was to evaluate the
expression of the c-erbB-2 gene and c-erbB-2 antigen in
breast cancer cells Lines BT-474, MCF-7 and MDA-MB-
231 as previous step to propose the c-erbB-2 protein as
experimental receptor of magnetic nanoparticles coupled to
specific Monoclonal antibody (Mab) anti- c-erbB-2 antigen.

II. METHODOLOGY

A. Experimental Design

Breast cancer cell lines: BT-474, MCF-7 and MDA-MB-
231 were cultivated in specific conditions described in
subsection below. Typification of the expression of the c-
erbB-2 gene by RT Q-PCR and expression of the c-erbB-2
antigen by Flow Cytometry were developed. Relative

expressions of the c-erbB2 gene were estimated between cell
lines as well as the fluorescence change in cells without Mab
anti-c-erbB2 antigen.

B. Cell Lines Cultures

BT-474, MCF7 and MDA-MB-231 breast cancer cells
were acquired from the American Type Culture Collections
(rockville, MDA) and seeded in 75 cm2 polystyrene bottles
with Hybri-Care (ATCC Catalog No. 46-X), Eagle's
Minimum Essential (ATCC Catalog No. 30-2003) and
Leibovitz’s L-15 (ATCC Catalog No. 30-2008) mediums
respectively; reconstituted or suplemented acordingly
technical indications of the cells supplier. Every cell type
were incubated at 37°C with a CO2 and Oxygen controlled
atmosphere.

C. RT Q-PCR of c-erb-B2 expression.

To evaluate the expression of c-erbB-2 gene three
independent biological replicates of cell lines culture was
carried out. Total RNA was isolated, quantified, DNase
treated and finally, RT Q-PCR was performed using the
corresponding ¢cDNA from each sample. All RT Q-PCR
assays were analyzed in triplicate. Primers express software
for Real-Time PCR ver 3.0 Applied Biosystems was used to
design primers for RT Q-PCR. The elected oligonucleotide
sequences used as primers for the genes studied are
summarized in Table 1.

RNA was reverse transcribed using the GeneAmp RNA
PCR Core Kit (Applied Biosystems), according to the
manufacturer’s protocol. RT Q-PCR was performed in the
ABI PRISM 7000 Sequence Detection System (Applied
Biosystems) by monitoring in real time the increasing of
fluorescence using the SYBR Green PCR Master Mix
(Applied Biosystems).

The relative quantification was calculated using CT method,
which uses the arithmetic formula 2T [19]. To validate
the 27*“T methods, we verified that amplification efficiency
of target gene and the actin endogenous control. Statistically
significant differences in gene expression between cell lines
were analyzed using one-way analysis of variance with
Sigma Stat statistical software ver 2.0 SPSS, Inc.

Table 1. Oligonucleotides used in RTQ-PCR

Name Sequence (5°-3”)

c-erbB-2 F:TGGTGTATGCAGATTGCCAAG
R:TCTCGTCAATGTCCAGCAGC

actin F:CGGGAGATTGTGCGAGATGT

R:GGAAGCGTTCATTCCCAATG

D. Flow Cytometry.

Staining procedure: BT-474, MCF7 and MDA-MB-231
cells were harvested with a cell scraper and washed with
sterile Phosphate Buffer saline (PBS). Harvested cells were
counted by using 0.4% Trypan blue solution on a automatic
cell counter (mod. countess, Invitrogen). Each sample
consisted of 1 x 10° cells suspended in 200 uL of cold media
to which 20 pl of Mouse (monoclonal) Anti-Human
p185HER-2 (c-erbB-2) FITC conjugate antibody (Invitrogen
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cat. No.AHO0918). The cells were mixed thoroughly and
incubated for 15 to 30 minutes in the dark at room
temperature (20° to 25°C). Wash with PBS with 0.1% azide,
add 0.5 mL of 1% paraformaldehyde, mix thoroughly, and
analyzed in a Gallios flow cytometer (Beckman Coulter).

III. RESULTS

A. RT Q-PCR c-erbB-2 expression.

PCR efficiencies were nearly equal between c-erbB-2 and
the endogenous control actin. Single peaks were identified in
the melt curve for each gene screened, indicating that unique
PCR pure products were produced (data no shown). Fig. 1
shows the relative expression levels of transcripts. The
relative expressions of c-erbB-2 gene in BT-474, MCF7 and

MDA-MB-231 cell lines were 94.73, 1.86 and 1.00
respectively.
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Fig. 1. Relative expression of c-erbB-2 gene in BT-474, MCF-7 and
MDA-MB-231 breast cancer cell lines.

Flow Cytometry c-erbB-2 Expression.

The flow cytometric profiles with relative fluorescence
intesity percentage of the expression of the antigen c-erbB2
are shown in figure 2. The histograms on the left column
show breast cancer cells without monoclonal antibody
(negative control). The BT-474 breast cancer cell line
overexpress c-erbB-2 surface antigen (23.7%), followed by
MCF7 cell line (4.7%). The MDA-MB-231 breast cancer cell
line not express the surface antigen (Figure 2 A, B and C).

IV. DISCUSSION

Using RT Q-PCR to evaluate the expression of gene c-
erbB-2 in three cell lines, we confirmed high expression of c-
erbB-2 in BT-474 followed by MCF7 and MDA-MB-231,
similar to reported by others authors [20], [21], [22] and [23].
Such observations were well correlated by the expression
evaluated by Flow Cytometry where receptor staining proved
to be specific to the c-erbB-2 antigen.

The observations suggest the pertinence to propose the
elected cell lines to study the concept of selective targeting of
breast cancer cells by MNPs with superparamagnetic
propierties (high saturation magnetization), coated with a
polysaccharide matrix, labeled with Fluorescein Isotiocianate

(FITC) fluorophore, and conjugated through covalent binding
to anti-c-erbB-2/c-neu IgG rabbit monoclonal antibody.
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Fig. 2. Flow cytometry typification of the expression of c-erbB-2 antigen in
breast cancer cells type: (A) BT-474, (B) MCF7 and (C) MDA-MB-231. Left
column show breast cancer cells without monoclonal antibody (negative
control).

In a practical view; the findings allow us to propose the c-
erbB-2 protein as experimental target in the evaluated cell
lines to increase its electrical conductivity of tumoral tissue
by the use of bioconjugated “magnetic nanoparticle-
monoclonal antibody” and induce selectively hypertermy by
magnetic fields. The biophysical fundament is based on the
composed electrical conductivity (o) as a function of the
electrical properties of the cell membrane and the effect of
MNPs. The induction of currents in conductive materials by
oscillating magnetic fields is explained on the basis of the
Faraday induction law, which formulated in terms of the
Maxwell's differential equation, is expressed as follows:

AxE =-0B/0t (1)

A magnetic field B induces a time varying electromotive
potential E in a conductive medium. This electric potential
induces currents in the medium (eddy currents). According to
the law of charges conservation, a current density J induced
in a conductor is directly proportional to the electromotive
potential E and the electrical conductivity o of the material:

J =ok 2)

The eq. 2 supports that the higher conductivity of the
material, the greater the energy that the material will absorb.
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In this sense, and accordingly to the basic principle of
physiological thermoregulation, which is supported by the
first law of thermodynamics, in the normal state the energy
generated in one body by external forces will be balanced as
the outside heat so that the storage of energy will be minimal.
We assume that the electrical properties of tumoral tissue
with MNPs will be modified so that their composite electrical
conductivity will increases, this increase will allow that the
influence of magnetic fields reflect a selective induction of
currents in the tumoral region, the electric field intensity
generated by such currents will be dissipated as heat. Besides
the exposure of cells to alternating magnetic fields results in
the deposition of heat through the induction of Eddy currents
in cells that is dependent upon the field frecuency, amplitude,
and duration of exposure.

The findings allow us encourage further studies in order
to confirm experimentally the technical feasibility to use the
c-erbB-2 as possible target for the use of superparamagnetic
nanoparticles in the studied breast cancer lines.

V. CONCLUSION

The breast cancer cell types: BT-474, MCF7 and MDA-
MB-231 show well-differentiated relative expression of the
gene c-erbB-2 characterized by RT Q-PCR, and the surface
antigen by Flow Cytometry. The studied cell lines are
suitable for experimental evaluation of selective targeting by
magnetic nanoparticles coupled to specific Mab anti c-erbB-
2.
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