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ABSTRACT

In this study, we synthesized Herceptin conjugated magnetic nanoparticles (HMNs) as an alternative probe to
discover the levels of HER2 (Human epidermal growth factor receptor-2) in the surface of cells. These nanoparticles
can be used by magnetic resonance imaging (MRI) (non-invasive methods) for screening the patients with HER2
positive or negative tumors. Dextran coated iron oxide nanoparticles were prepared using co-precipitation method
and conjugated to Herceptin antibody. The stability, cytotoxicity and HER2 specific binding of HMNs was evaluated.
The HER2 expression levels of the cells were examined by measuring the signal enhancement in MRI T2 images.
The core and hydrodynamic size of HMNs was 10+0.1 nm and 75+15 nm respectively. HMNs were stable up to 8
weeks in pure water and PBS buffer. The specific binding of HMNs by SKBR3, SW480, MCF7, A431 and RAJI cell
lines was 19.6+2.5, 8.2+1.2, 7.3+1.3, 6.0+1.7 and 2.3+1.8 pg/cell respectively. The MRI signal enhancement of the
cell lines was consistent with the specific binding results. The good characteristics of HMNs demonstrated that it
can detect the HER2 levels in the cell surface and be a good candidate to use as a HER2 tracer contrast agent in
MRI that needs further investigations.
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1. INTRODUCTION

Nanomedicine is the science and technology of diag-
nosing, treating, preventing disease and improving hu-
man health using nanoscale structured materials. The
use of magnetic nanoparticles for biological and clini-
cal applications is undoubtedly one of the most chal-
lenging research areas in the field of nanomedicine [1].

Iron oxide nanoparticles, one of the most important
magnetic nanoparticles, can be used for several appli-
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cations including drug delivery, nanobiosensors, cell
separation, purification, magnetic fluid hyperthermia
(MFH) and as contrast agents for MRI [2, 3].

HER?2 is over expressed in 20-30% of breast cancer
and low in certain normal tissues [4]. It contributes to
tumor progression and development. Herceptin is a hu-
manized IgG1 monoclonal antibody directed against
HER?2. The stable over expression of HER2 on the tu-
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mor cell surface makes it an ideal target for detection
by Herceptin [4, 5]. In the present study, we synthe-
sized a HER2 probe based on the conjugation of mag-
netic nanoparticles with Herceptin to detect the Her2
antigen in the cells surface.

2. EXPERIMENTAL

2.1. Materials

Ferric chloride hexahydrate (FeCl,.6H,0), ferrous
chloride tetrahydrate (FeCl,.4H,0), ammonia solution
(25% wt), dextran (40 kDa) and the other chemical
agents were purchased from Sigma chemical corp.
The monoclonal antibody, Herceptin was purchased
in 140 mg vial from Genentech Inc, South San Fran-
cisco, USA.

2.2. Synthesizing magnetic nanoparticles

Dextran coated iron oxide nanoparticles were
prepared using co-precipitation method [6]. In brief;
0.5 M ferrous chloride and 1 M ferric chloride solu-
tion in water were mixed with two volumes of 25%
dextran dissolved in water. Precipitation was initiated
by drop wise addition of NH,OH (3%) and continued
until the pH of solution reached to 10. The solution
was then heated for 70 minutes at 70°C. The nanopar-
ticles were washed with Q water several times and the
large size nanoparticles removed by centrifugation.
The dextran iron oxide nanoparticles were precipi-
tated in a non-oxidizing environment according to the
following chemical reaction:

Fe” +2Fe” +80H™ — Fe,0, +4H,0

2.3. Herceptin-magnetic nanoparticles (HMNs)

Iron oxide nanoparticles (1400 mg) were dissolved in
citrate buffer (2 mL, 0.02 M). Sodium Meta-periodate
(30 mg) was added to the solution and kept on a mag-
netic stirrer at room temperature for 5 hours in dark
place [6]. Then, 200 mg Herceptin was added to the
activated nanoparticles solution. The solution was
incubated in dark at 4°C for 16 hours. The mixture
was deoxidized by adding sodium cyanoborohydride
(30 mg) in dark at 4°C for 2 hours. Finally, the Her-
ceptin nanoparticles conjugation was separated on gel
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column (Sephadex G50, Pharmacia, Germany) and
the final antibody/nanoparticle ratio was calculated af-
ter determining the protein content with Lowry meth-
ods [7] and iron content by atomic absorption spec-
trophotometry (2100 UV spectrophotometer). Briefly,
A sample of HMNs (100 pL) was mixed with HCI
(100 pL) and H,O, (10%, 100 uL) heated to allow
the iron content of nanoparticles be dissolved and
oxidized to Fe*". After adding potassium thiocyanate
(3 mL, 3%), the Fe** formed a red complex with the
thiocyanate which could be measured by a spectro-
photometer at 480 nm. The standard curve for calcula-
tion of iron content was obtained measuring different
concentrations (0, 250, 500, and 1000 mg/mL) of fer-
ric chloride.

2.4. Quality control tests

The hydrodynamic diameter of HMNs was measured
by dynamic light scattering (DLS) technique using
Zeta Sizer (3000HS, Malvern, UK). The core size was
determined by TEM (transmission electron microsco-
py, JEM 2010, JEOL, Japan). For considering the sta-
bility, without any additional agents, the HMNs were
stored in purified water at 4°C for a period of 8 weeks.
Once a week, an aliquot (500 pL) of the nanoparticles
suspension was centrifuged and the supernatant ana-
lyzed for unbound Herceptin using Lowry methods
[7]. The size of nanoparticles was also measured by
Zeta Sizer every week. The measurements were re-
peated by storing HMNSs in phosphate buffered saline
(PBS) at pH =6, pH =7 and pH = 8.

2.5. Cell line preparation
The SKBR3, MCF7, A431, SW480 and RAIJI cell
lines were purchased from Pasteur Institute (Tehran,
Iran). SKBR3 is a hormone-independent cell line
originally derived from a breast adenocarcinoma. It
has an amplified HER2 oncogene and overexpresses
HER2 receptors [8] MCF7 (an estrogen-dependent
mammary adenocarcinoma) [9], A431 (a human epi-
dermoid carcinoma) [10], SW480 (a human epithelial
colon adenocarcinoma) [11] and RAJI (a Burkitt lym-
phoma) [12] possess numerous receptors and express
low levels of HER2 receptors.

The cells were grown and maintained in DMEM/
F12 (Dulbecco's Modified Eagle Medium: Nutrient



Rasaneh F & Rahele Dadras M

Int. J. Bio-Inorg. Hybr. Nanomater., Vol. 3, No. 3 (2014), 157-162

Mixture F-12) supplemented with 15% fetal bovine
serum (FBS), 2 mM glutamine, 100 units/ml penicillin
and 100 pg/mL streptomycin and incubated in a hu-
midified atmosphere (95% air and 5% CO,) at 37°C.
Nearly confluent, cells in 75 cm? tissue culture flask
were harvested by trypsin—EDTA solution and centri-
fuged at 1000 g for 10 min.

2.6. Cyrotoxicity test

The cytotoxicity of HMNs was checked on SKBR3,
MCF7, A431, SW480 and RAJI cells. Samples con-
taining 6.0x10° cells were distributed in 96 wells
plates. Different concentration (10-40 pg/mL iron)
of HMNs were added to the wells and incubated for
24 hours. The cell supernatant was removed and
washed three times with phosphate PBS. MTT solu-
tion (50 pL, 5 mg/mL) was added to each well and
incubated for 3 hours. After that the cells were treated
with dimethyl sulfoxide (50 pL). Absorption at 570
nm was measured on a plate reader. Hundred Percent
viability was assumed from untreated cells.

2.7. HER? specific binding

The HMNs cellular uptake was considered as a mea-
sure of their binding ability to HER2 oncogene on the
cell surface and assessing the HER2 expression levels
of the cell lines. The cells (6.0 x 10° cells/mL) were
incubated with HMNs (60 pg iron, in 2 mL DMEM/
F12) for 2 hours at 37°C. The samples were centri-
fuged (3200 g, 10 min) and washed thrice with PBS
then tested for iron content by colorimetric assay as
described before.

This procedure was repeated for MRI imaging of
the cells by a 1.5 Tesla clinical magnetic resonance
scanner (Magnetom, Siemens Medical Systems, Er-
langen and Germany) and using a knee coil. The cells
(6.0x10° cells/mL) were resuspended in 1 mL aga-
rose gel (PBS with 2% agarose), after 3 times wash-
ing with PBS, and transferred into plates for imaging.
The plates were scanned by a fast gradient echo pulse
sequence (TR =3000, TE =90, flip angel = 10°). Mea-
surements of signal intensity were performed directly
on the T, images using an operator-defined region of
interest (ROI) with a constant size of pixels. The rela-
) and af-
ter (S, ) treatments with HMNs were calculated as

tive changes in signal intensity before (SI

before

follows:

SI.. —-SI.
- ejore er
Enhancement = 100 x —befere —~ dfter.

before

2.8. Statistical analysis

Statistical analysis was performed using SPSS 10.0
considering p-value<0.05 as significant levels. The
final values were presented as mean + standard devia-
tion (SD). The paired t-test was used to compare the
results of stability, cytotoxicity, HER2 expression and
signal intensity measurements.

3. RESULTS AND DISCUSSION

3.1. Results

3.1.1. Particles characterization

The hydrodynamic and core size of HMNs was de-
termined by DLS technique and TEM. The size
distribution was in Gaussian form (p-value <0.05,
Kolmogorov-Smirnov test) with the mean diameter
75+15 nm. The average core size of nanoparticles was
10£1.0 nm. The antibody/nanoparticle molar ratio was
3.1t03.5.

3.1.2. Stability of the complex

For considering the stability, the free Herceptin in the
supernatant of HMNs was measured over 8§ weeks.
During this period no free antibody was measurable
in purified water and PBS (pH = 6.0, pH = 7.0 and pH
=8.0).
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Figure 1: Herceptin-nanoparticles were dispersed in puri-

fied water and PBS buffer with different pH (6, 7 and 8) show
a very good stability up to 8 weeks.
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Figure 2: The graph shows the relative number of the cells

treated with different concentration of Herceptin nanopar-
ticles as measured by MTT assay.

The average hydrodynamic size of HMNs in purified
water and PBS over this period was also determined.
The result of measurements is presented in Figure 1.
After 8 weeks of storage in purified water there was
only 12% reduction in HMNss size. The best stability
for HMNs was occurred in PBS at pH = 7 with 7%
size increasing.

3.1.3. Cytotoxicity of the complex

The relative number of cells at 24 hours post treat-
ment with HMNs that measured by MTT assay are
presented in Figure 2. The HMNs up to concentra-
tion of 30 pg(Fe)/mL did not significantly (p-value <
0.05) inhibit any variations in the cell growth. They
were toxic for all the cell lines at the concentration of
40 png(Fe)/mL of the complex.

3.1.4. HER? specific binding

The HMNs and MNs uptakes by the cells are present-
ed in Figure 3. The graph shows the iron content of
the cells (pg/cell) 2 hours post incubation of HMNs
and MNss at equal concentration (30 pg/mL iron in the
medium). The maximum and minimum uptake were
observed with SKBR3 (19.6+2.5 pg/cell) and RAJI
(2.3£1.8 pg/cell) cells respectively. The uptakes of
SW480 (8.2+1.2 pg/cell), MCF7 (7.3£1.3 pg/cell) and
A431 (4.6£1.7 pg/cell) cells were also low. This ob-
servation was consistence with the HER2 expression
levels of the cell lines reported previously [15-19]. The
T2-weighted images of the cells before and after treat-
ing with HMNs are shown in Figure 4-A. In all the cell
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Figure 3: The iron content of the cells after 2 hours treat-
ment with MNs and HMNs at concentration of 30 ug(Fe)/

mL in medium.

lines, the signal intensity significantly (p-value<0.05)
decrease after treatment with HMNs by showing a
negative enhancement. The maximum signal enhance-
ment was observed with SKBR3 (754+2.1%) cells and
the minimum with RAJI cells (5.4+1.3%). The signal
enhancement with SW480, MCF-7 and A431 cells
were 3142.1%, 26+1.5% and 11£1.7% respectively. It
can be concluded that signal enhancement was pro-
portional to the cells HER2 expression levels. The iron
content in cells after treatment with HMNs versus the
signal enhancement is presented in Figure 4-B. The
results showed a linear relative between iron quantity
and signal enhancement (R? = 0.99).
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Figure 4: T2-weighted MRI images of the cells before and after
2 h treatment with the complex (A). The SKBR3 cells showed
maximum difference in signal intensity compared to the other
cell lines tested. The relation between iron content of the cells
and signal enhancement in T2 images was linear (B).
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3.2. Discussion

Cancer tissues differ from normal in their anatomy
and protein expression patterns [13]. They often over
express receptors for peptides, hormones and antibod-
ies. These receptors provide an opportunity for the ac-
tive and specific targeting [13].

The HER2 protein is a receptor on the surface of
the cells that controls the cells growth and division. In
HER2-positive cancer, the amount of HER2 protein in
the cells increases and tumor growth can be very fast
and more aggressive [13].

Herceptin is a monoclonal antibody against HER2
used in treatment of HER2 positive cancers [5]. It is an
expensive drug and can have serious side effects. To
increase the effectiveness of treatment and reducing
the side effects and cost, it is important to have tests
that accurately determine the HER2 tumor status [14].
For selecting the Herceptin therapy for treatment, the
biopsy exam must be performed for the patient tumors
(it’s an invasive method) and the samples referred to
pathology lab. There are two main methods for testing
the in vitro HER2 expression. Immunohistochemistry
(IHC) measures the levels of HER2 protein present in
the tumor sample grading it from 1+ to 3+ [14]. A test
result showing the score 1+ means the cells are HER2
negative, 3+ means they are HER2 positive and score
2+ means the result is not clear. Another test,the fluo-
rescence in-situ hybridization (FISH) test measures
the amount of the HER2/neu gene in each cell and the
result is either FISH positive, or FISH negative [14].

In this study, we synthesized Herceptin conjugated
magnetic nanoparticles as an alternative probe to dis-
cover the levels of HER2 in the surface of the cells.
These nanoparticles can be used by MRI imaging
(non-invasive methods) for screening the patients
with Her2 positive or negative tumors.

Dextran coated iron oxide nanoparticles were syn-
thesized with hydrodynamic size of 50-100 nm and
core size of 9-11 nm. The nanoparticles were conju-
gated to Herceptin, checked its toxicity and uptake in
SKBR3, SW480, MCF7, A431 and RAJI cell lines.

HMN s successfully demonstrated that SKBR3 cells
considerably overexpressed HER2. It also showed
that the HER2 expression levels was lower in SW480,
MCF7, A431 and RAJI cell lines as expected [8-12].
The result of iron content measurement was quite

consistence with MRI T2 images. The signal intensity
of SKBR3 (HER2 positive) cells in the presence of
HMNs was significantly (p-value<0.05) lower than the
other cells at the same conditions. Moreover, HMNs
had the ability to target and differentiate human cancer
cells with different HER2 expression levels as proven
by in vitro MRI studies. Its good stability in various
pHs and low cytotoxicity (up to 30 pg(Fe)/mL) sug-
gests the possibility of external imaging of HER2 pos-
itive tumors with magnetic resonance imaging (MRI).

4. CONCLUSIONS

In this study we synthesized Herceptin conjugated
iron oxide nanoparticles as a probe for HER2 detect-
ing. We considered its HER2 binding ability in can-
cer cells based on the iron content detection and MR
imaging of the target cells. The good characteristics
of HMNs demonstrated that it can detect the HER2
levels in the cell surface and be a good candidate to
use as a HER2 tracer contrast agent in MRI that needs
further investigations.
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