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ABSTRACT

Non-small cell lung cancer (NSCLC) accounts for 80-85% of all lung cancer which is the leading cause of cancer
death worldwide. Eighty percent of NSCLC patients exhibit high levels of epidermal growth factor receptor
(EGFR) expression. In recent years, Doxorubicin (Dox, a widely used chemotherapeutic drug) and/or Cetuximab
(Cet, an EGFR-targeted inhibitor) combined with nanoparticles for cancer therapy have attracted significant
attention due to their efficient targeting and the resulting increased cytotoxicity on tumor cells. Herein, we
report the effects of Dox and Cet, co-conjugated to dextran-coated Fe;O4 magnetic nanoparticles (Dox-NPs-Cet)
on the NSCLC cell line A549, which expresses a high level of EGFR. Cytotoxicity, cell proliferation and inter-
cellular uptake were investigated after treatment with this conjugate. The results indicate that Dox-NPs-Cet
significantly suppress cell proliferation of A549 cells as compared with A549 cells treated with NPs only con-
jugated with Dox. In summary, our study demonstrates that Dox-NPs-Cet could serve as a promising candidate
for targeted therapy of NSCLC.

1. Introduction

Lung cancer is the most common cause of cancer-related death
worldwide [1-3]. Two broad classes are distinguished: non-small-cell
lung carcinoma (NSCLC) and small-cell lung carcinoma. The three main
subtypes of NSCLC are adenocarcinoma, squamous-cell carcinoma and
large-cell carcinoma. NSCLC is the most common form of lung cancer
and nearly 85-90% of lung cancer patients are diagnosed as having
NSCLC [4]. Depending on the stage of the tumor, the clinical treatment
strategy for NSCLC patients may include surgery, radiation therapy and
chemotherapy. Regrettably the majority of patients present with al-
ready locally advanced or metastatic disease which limits the use of
surgery to a minority of patients [5]. Chemotherapy is neither specific,
nor selective and results in only a modest increase in survival while it
involves significant toxicity for the patient [6]. These limitations of
available systemic treatments for NSCLC emphasize the need for new
approaches with improved efficacy and safety profiles [6].

Recently, increasing attention has been paid to the presence of
specific and strongly over-expressed receptors, notably the epidermal
growth factor receptor (EGFR), on the surface of cells of many cancer
types including NSCLC [7]. The EGFR plays a key role in signalling
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pathways that regulate cell proliferation, angiogenesis and tumor me-
tastasis [8]. EGFR signal transduction pathways are closely related to
the occurrence and development of NSCLC, with about 80% of NSCLC
tumors having high expression of the EGFR [9]. Cetuximab (Erbitux®,
C225, Cet in the present paper), is a recombinant human/mouse chi-
meric monoclonal antibody that binds specifically to the extracellular
domain of the human EGFR [10]. The drug was approved by the Food
and Drug Administration in 2004 as a second-line treatment for ad-
vanced colorectal cancer [11,12]. It can competitively bind to extra-
cellular ligand binding sites and thereby inhibit EGFR activation. As a
result, tumor cell proliferation and angiogenesis are suppressed while
apoptosis is stimulated. Cet is effective in suppressing proliferation and
in enhancing apoptosis of malignant lung cells while it reduces lung
cancer metastasis [13,14].

Both in vitro and in animal models of lung cancer, administering
Cetuximab in combination with chemotherapy caused an additive effect
on the apoptosis of lung cancer cells [15]. In clinical trials the impact of
combination treatment of Cet with chemotherapeutic agents, was more
important than with either treatment alone [16,17].

The combination of chemotherapy plus Cet was better than che-
motherapy alone as the first-line treatment of advanced NSCLC in
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improving overall survival [18,19]. At the same time it induced a
higher rate of adverse events. Although these side effects were reported
to be manageable, both the Food and Drug Administration and the
European Medicines Agency decided to not accept the license for Cet in
combination with chemotherapy for first-line therapy of advanced
NSCLC because the limited improvement of overall survival did not
outweigh the increased side effects and costs [19]. The treatment op-
tions for patients with locally advanced NSCLC remain thus poor today,
with a rapidly declining survival rate from year 1 to year 2 of 88.9% to
51.9%, for stage III patients treated with combined Cet and che-
motherapy [20].

Since the above mentioned decisions of the drug agencies not to
accept the license for Cet in combination with chemotherapy for first-
line therapy of advanced NSCLC further research in a tumor xenograft
model demonstrated that conjugation of Cet with gold nanoparticles
increased the cytotoxic effect on the strongly EGFR-expressing NSCLC
A549 cell line in a dose-dependent manner [21]. Moreover, conjugation
of Cet to dextran-coated superparamagnetic iron oxide nanoparticles
led to a significant increase in apoptosis in EGFR-over-expressing cell
lines [22]. More recently, Cet conjugated and Doxorubicin (Dox) loaded
silica nanoparticles were shown to possess increased anti-cancer ac-
tivity as compared with free Dox and Dox-loaded silica nanoparticles
[23].

Dox is a broad-spectrum anticancer drug used for treatment of a
number of solid tumors. In NSCLC cells, Dox treatment triggers acti-
vation of the unfolded protein response which subsequently promotes
Dox-mediated apoptosis and caspase activation [24]. Clinical trials for
advanced stages of NSCLC have revealed benefit for the treatment of
this cancer type [25-27]. However, bone marrow toxicity and severe
cardio-toxic effects of Dox limit the achievable therapeutic effect
[28,29].

In earlier work, we have reported a new Dox drug magnetic delivery
platform, Dox was loaded on dextran-coated Fe;O, magnetic nano-
particles. In a rabbit model these drug-loaded nanoparticles, guided by
an external magnetic field, showed a lower systemic toxicity [30] and
led to an anti-tumor efficacy that was superior to that of free Dox [31].
In the present paper, we aimed to develop a convenient drug delivery
system based on Fe;04 magnetic nanoparticles with the potential to be
active in locally advanced NSCLC. Dox and Cet conjugated dextran-
coated Fe30, nanoparticles (Dox-NPs-Cet) were prepared and char-
acterised. Then, they were incubated with A549 cells, a NSCLC cell line,
which, as mentioned, over-expresses the EGFR [32,33] (Fig. 1), Finally,
the internalization of Dox-NPs-Cet was evaluated and the cytotoxic
inductive effects were studied. Our tests indicated that the Dox-NPs-Cet
conjugate could be a promising candidate for antibody targeted Dox
therapy of NSCLC. Further studies will be needed to reveal the cell
death mechanism and whether the conjugates may have a superior
activity than chemotherapy alone against minimal residual disease in
animal models and in NSCLC patients after surgery.

2. Materials and methods
2.1. Materials

Cetuximab (Erbitux®, C225) was purchased from Merck Serono Co.,
Ltd., Beijing, China. Doxorubicin hydrochloride was supplied by Beijing
HVsf United Chemical materials Co., Ltd., Beijing, China. The Cell
Counting Kit-8 (CCK-8) a cellular proliferation and cytotoxicity assay
was obtained from Dojindo, Japan. The Bradford Protein Assay Kit was
obtained from Beijing Solarbio Science & Technology Co., Ltd., China.
Cell culture medium (Modified RPMI-1640 Medium) was obtained from
GE Healthcare Life Science Hyclone Laboratories, Logan, Utah, USA.
Fetal Bovine Serum (FBS) was purchased from Beijing Solarbio Science
& Technology Co., Ltd., China. Trypsin was obtained from Gibco Co.,
Ltd., USA. Additionally, Fe;0, magnetic nanoparticles were synthesized
by Xi'an GoldMag Nanobiotech Co., Ltd., China. Dextran-40 was
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purchased from Shanghai Huamao Pharmaceutical Co., Ltd. Iron salts
were from Sigma-Aldrich (China) Co., Ltd. NaOH was purchased from
Xi’an Fuli Chemical Reagents Co., Ltd., China. T-25 culture flasks, 96-
and 6-well plates were obtained from Corning, USA. Protein Molecular
Weight markers were purchased from Thermo Fisher Scientific, USA.
Coomassie brilliant blue G250 was purchased from Beijing Solarbio
Science & Technology Co., Ltd., China. The Magnetic Separator was
obtained from Xi'an GoldMag Nanobiotech Co., Ltd., China. Water used
in the experiments was de-ionized, and all organic solvents were of
analytical reagent grade.

2.2. Preparation of dextran coated iron oxide nanoparticles.

Iron oxide magnetic nanoparticles were synthesized by Xi'an
GoldMag Nanobiotech Co., Ltd., Xi‘an, China. The preparation of dex-
tran-coated nanoparticles was performed according to the method de-
scribed earlier but with slight modifications [31]. Briefly, 5g of dex-
tran-40 were dissolved in 50 mL of a 0.5 M NaOH solution. After stirring
for 10 min, the dextran-40 was completely dissolved. Subsequently, 1 g
iron oxide magnetic particles, 50mL NaOH and 2.686g
Na,HPO,12H,0 were successively added to this solution. A black
suspension was obtained. In order to remove an excess dextran and
inorganic salts, dialysis was performed using membranes with a cut-off
value of 10 KDa. This process was performed till the particles were
brought to neutral pH. The dextran coated particles were used at room
temperature for further characterization and for the experiments.

2.3. Loading of Doxorubicin on dextran-coated iron-oxide nanoparticles.

Dox was loaded on dextran-coated iron-oxide nanoparticles as fol-
lows: 15 mg of Dox dissolved in 15 mL of water was added into a flask
containing 150 mg of the dextran-coated iron oxide particles under
stirring (180 rpm). The reaction was continued at 37 °C for at least 24 h.
Dox loaded nanoparticles (Dox-NPs) were separated by a magnetic se-
parator. This instrument was applied for a period of three minutes and
the loaded particles were stored at 4 °C for further use and character-
ization. The amount of Dox loaded was equal to the difference between
the amount of free Dox before and after conjugation. The concentration
of free Dox was monitored with UV-Vis spectrometry at 480 nm using a
Shimadzu Corporation, UV-2550 Spectrophotometer.

2.4. Conjugation of Cetuximab on Dox-NPs

A quantity of 0.05mL of a solution containing 100 ug Cet was
slowly added into 1 mL of a solution containing 1 mg of Dox-NPs under
continuous stirring for a period of 2 h at ambient temperature. The Cet
and Dox loaded dextran coated iron oxide nanoparticles (Dox-NPs-Cet)
were separated using a magnetic separator for a period of three minutes
and stored at 4 °C for further use and characterisation. The amount of
Cet loaded was equal to the difference between the amount of free Cet
before and after conjugation. The concentration of free Cet was mon-
itored by the Brandford method. The absorbance was read on an ELx-
800 Universal Microplate Reader (BIOTEK Instrument, Vermont, USA)
at 595 nm.

2.5. Investigation of the stability of the Dox-NPs-Cet.

In order to investigate the stability of the Cet conjugated on the Dox
loaded dextran-coated iron-oxide nanoparticles in 0.01 M Tris-HCI (pH
7.4) at two different temperatures, 1 mg of the samples were cleaned
using a magnetic separator and resuspended in 1 mL 0.01 M Tris-HCIL
(pH 7.4). The samples were then, kept at 4 °C in the refrigerator or at
37 °C in an incubator. Supernatants were taken after 0, 0.5, 1, 2, 4, 6
and 24 h. The magnetic separator was used to assure the absence of
magnetic particles. Absorbance in the purified supernatant was mea-
sured at 595 nm (free Cet).
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Fig. 1. Schematic illustration of the Dox-NPs-Cet therapy for non-small cell lung cancer (NSCLC).

2.6. Characterization of the nanocarriers

The particle sizes of the dextran-coated iron oxide particles and of
the Cetuximab and Doxorubicin loaded dextran coated iron oxide na-
noparticles were determined by using a Dynamic light scattering (DLS)
instrument (Malvern Zetasizer Nano-ZS, Malvern Instrument,
Worcestershire, UK). The morphology of the nanocarriers was studied
by using a Transmission Electron Microscope (TEM) (Hitachi H-600,
Hitachi Corporation, Tokyo, Japan). In order to characterise the com-
position of the nanocarriers, the presence of iron oxide bonds, the
nature of the coating and its bonding on the surface Fourier transform
infrared spectra (FTIR) were produced. These were recorded, using the
KBr pellet technique, between 4000 and 400 cm ™' on a Nicolet 5700
FTIR spectrometer 60 (Thermo Nicolet 5700, Thermo Nicolet
Corporation, Wisconsin, USA). Vibrating sample magnetometry (VSM)
was used to measure the magnetic properties of the different nano-
carriers with a magnetometer (LakeShore-655, Lake Shore Inc., USA),
at room temperature.

2.7. Identification of the loaded-Cet using SDS-PAGE.

For SDS-PAGE, analysis, 30 pL of a Cet (2 mg/mL), Dox-NPs (1 mg/
mL) and Dox-NPs-Cet (1 mg/mL) solution were mixed in an Eppendorf
tube with 2 uL. DTT (2 M) and 10 pL 4 X SDS-PAGE loading buffer (1 M
Tris-HCI pH 6.8, 10% SDS, glycerol, bromophenol blue). Prior to the
electrophoresis, the samples were heated in a boiling water bath for
10 min to assure protein denaturation. Then, 10 uL of the samples were
loaded on a 12% SDS-PAGE gel. The same volume of the protein ladder
mixture was used as a control. Electrophoresis was run at room tem-
perature for 30 min at 80V and subsequently at 120V till the color
indicator arrived at the bottom of the gel. Afterwards, the resulting gel
was stained with Coomassie brilliant blue G250 in order to detect the
protein bands.

2.8. Cell lines and cell culture

A549, adenocarcinomic human alveolar basal epithelial cells,

124

originating from the Cell Bank of the Chinese Academy of Sciences
(Shanghai, China), were kindly provided by Shaanxi Lifegen Co., Ltd
Xi’an, China and cultured in T25 culture flasks in RPMI 1640 medium
supplemented with 10% fetal bovine serum at 37 °C in a humidified 5%
CO, atmosphere using a Thermo Scientific Forma Series II Water Jacket
CO, incubator. The culture medium was renewed every 2-3 days and
the cells were passaged at 1:2 every 2-3 days following trypsinization
with 0.05% trypsin-EDTA.

2.9. In vitro cytotoxicity assays

Viability of A549 cells, cultured in the presence of dextran-coated
particles, loaded or not loaded with Doxorubicin or/and Cetuximab,
was determined using the CCK-8 assay. The test is based on the trans-
formation by living cells of the highly water-soluble tetrazolium salt [2-
(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-
tetrazolium, monosodium salt] into a water-soluble formazan dye. The
quantity of the formazan dye produced is directly proportional to the
number of living cells and has been shown to correlate with [3H]-
thymidine incorporation. An A549 cell-suspension containing 5 x 10°
cells/100 pL was seeded into wells of 96-well plates at 100 uL per well
and incubated for 24 h in modified RPMI-1640. The medium was then
removed and various concentrations of dextran-coated particles, loaded
or not loaded with Doxorubicin or/and Cetuximab were added to the
96-well plates and incubated for 24h or 48h at 37°C in a 5% CO,
incubator. Various concentrations of Dox were obtained by dilution of
Dox-NPs or Dox-NPs-Cet that we prepared at the beginning. After in-
cubation, supernatants were removed, and all wells were washed twice
with PBS buffer. Then, according to the manufacturer‘s operating in-
structions, 100 pL of 10% CCK-8 solution was added to each well after
which the plate was placed in the incubator for 4 h. Subsequently the
absorbance in each well was measured at 450 nm with the use of a
microplate reader (Epoch Microplate Spectrophotometer, BioTek
Instruments, Inc.). The cell viability rate (%) was calculated using the
following formula: Cell viability rate (%) = [(As-Ab]]/[(Ac-
Ab)] X 100%, where As is the absorbance of the experimental wells, Ac
is the absorbance of the control wells and Ab is the absorbance of the
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blank wells.

2.10. Internalization of the nanocarriers

To further confirm the intracellular uptake and localization of the
nanocarriers, A549 cells were seeded at a density of 1 x 10° per well in
6-well plates (Corning, USA) and incubated for 24 h. Cells were treated
with Dox-NPs-Cet in modified RPMI-1640 at 37 °C for 3h. The cells
were then trypsinized with 0.2 mL of a 0.25% trypsin solution per well
(0.25%) after which they were washed twice with PBS and harvested.
Cell fixation steps and placing on 400 mesh copper grids for TEM were
performed according to standard protocols [35].

2.11. Statistical analysis

All values are expressed as the mean = standard deviation (SD).
GraphPad Prism 5.0 was used for the analysis of the experimental data.
Statistical analysis of the data was performed using the T-test or the
One-Way ANOVA-Ordinary test. A P value of less than 0.05 was con-
sidered statistically significant in all cases.

3. Results
3.1. Physicochemical properties of compound particles

The properties of dextran-coated nanoparticles and Dox-NPs-Cet
were measured by TEM and Dynamic light scattering. TEM pictures
show that Dox-NPs-Cet have better-dispersed than dextran-coated na-
noparticles (Fig. 2A-a, b). On the basis of dynamic light scattering (DLS)
measurements, the hydrodynamic diameter of Dox-NPs-Cet was de-
termined as 144.5nm with perfect size distribution, which is larger
than that of the unmodified dextran-coated nanoparticles of 116.1 nm.
This is because coating Cet on the surface of dextran-coated nano-
particles leads to a layer of adsorbed Cet protein which contributes to
the hydrodynamic diameter. The diameter of Dox-NPs-Cet was in the
appropriate range for a drug carrier [34].

To investigate whether the particles have been successfully coated,
Dox-NPs-Cet were analyzed by FTIR. The FTIR spectra of dextran-
coated nanoparticles, Dox-NPs and Dox-NPs-Cet are depicted in Fig. 2C.
The FTIR spectrum for dextran-coated Fe;O, particles shows that the
characteristic absorption bands at 583 cm ~! belong to the Fe-O bonds,
the absorption peaks at 3600-3200cm ™' and 1150-1085cm ™' are
attributed to the O-H and C-O-C bonds (Fig. 2C-a). In addition, Fig. 2C-
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¢ shows the typical absorption peaks of Dox-NPs-Cet in the range of
1600-1700 cm ! where the amide group absorbs [1]. The results in-
dicate that dextran-coated Fe;O, nanoparticles were successfully
loaded with Dox and Cet. Furthermore, the amounts of Dox and Cet
loaded on 1mg dextran-coated Fe;O, nanoparticles were measured.
They were 41.5 *= 0.84 pg (Dox) and 36.24 = 0.184 g (Cet).

In further analyses, the magnetic properties of the nanoparti-
cles were studied with VSM (Vibrating Sample Magnetometry) at room
temperature. As shown in Fig. 2B, the magnetization of dextran loaded
particles was 10.0 emu/g. After conjugation with Dox and Cet, it was
4.6 emu/g. This probably relates to the increase of the coating layer and
the decrease of the mass percentage of iron oxide. Although the mag-
netization was reduced, the nanoparticles could still be successfully
controlled using magnetic forces and they had a better magnetic re-
sponsiveness (Fig. 2E). When removed with a magnetic field, Dox-NPs-
Cet nanoparticles remained well dispersed without a magnetic memory.
This is very beneficial for the separation operation during co-conjugate
preparation.

3.2. The result of SDS-PAGE and the stability of Dox-NPs-Cet

SDS-PAGE analysis was used to verify whether Cet was indeed
loaded on the surface of the Dox-NPs. Fig. 3A shows the SDS gel con-
firming the presence of the Cet antibody on the Dox-NPs-Cet. Two
bands are present in lane 2 where Cetuximab alone has been applied. In
lane 4, where Dox-NPs-Cet have been applied, both the heavy chain and
the light chain of the antibody can also be distinguished. The bands in
lane 2 and lane 4 have the same molecular weights. The results of SDS-
PAGE indicate a successful coating of Dox-NPs with Cet.

The stability of Dox-NPs-Cet was determined by evaluating the re-
leased amount of Cet in its storage buffer, 0.01 M Tris-HCl (pH7.4), over
a period of 24 h. Samples were respectively incubated at 4 °C or at 37 °C
for 0.5h, 1h, 2h, 4h, 6h and 24 h. Subsequently the particles were
separated by the magnetic separator. Supernatants were collected and
measured. As shown in Fig. 3B, whether at 4 °C or at 37 °C, the release
of Cet always started from the 4th hour. Between 4 and 24 h, only about
20% of Cet was gradually released from the particles. This suggests that
Dox-NPs-Cet are relatively stable in the storage buffer.

3.3. Internalization of the nanocarriers

We use TEM to observe whether the particles entered the cells and
to study the sub-cellular distribution of these particles. As shown in

Fig. 2. The characterization of Dox-NPs-Cet.
A) Representative transmission electron mi-
croscope (TEM) images of (a) dextran-
coated nanoparticles (b) Dox-NPs-Cet. B)
The hydrodynamic size of Dox-NPs-Cet and
that of dextran-coated nanoparticles mea-
sured by dynamic light scattering. C) The
FTIR spectra of (a) dextran-coated nano-
particles (b) Dox-NPs (c) Dox-NPs-Cet. D)
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Fig. 3. A) The SDS-PAGE images of the gel after Coomassie blue staining. Lane 1: molecular markers; Lane 2: Cetuximab only; Lane 3: Dox-NPs (negative control);
Lane 4: Dox-NPs-Cet. B) The stability of Dox-NPs-Cet in 0.01M Tris-HCI (pH7.4) at two different temperatures.

Fig. 4, Dox-NPs-Cet were internalized into A549 cells. The nano-
particles can be clearly observed both at the cell membrane and in
vesicles in the cells. Arrows are used to show typical examples of the
localization of Dox-NPs-Cet targeting nanocarriers within the cells.
Fig. 4A represents control cells untreated with nanoparticles. As shown
in Fig. 4B, aggregated particles were found on the surface of the cell
membranes. This might be due to the specific targeting of the EGFR
with the monoclonal antibody Cet. However we only observed Dox-
NPs-Cet on parts of the cell membranes. In Fig. 4C, proof of cellular
uptake of the Dox-NPs-Cet is visible on the TEM image. The nano-
particles are present in cellular vesicles. In Fig. 4D, larger aggregates of
particles are found in the cells. These results indicate that the small
sized nanoparticles were efficient in targeting the cells and were easily
internalized in endosomes.

3.4. In vitro cytotoxicity of dextran-coated Fe;0, nanoparticles, Dox-NPs
and Dox-NPs-Cet

To evaluate the cytotoxicity for A549 tumor cells of Dox-NPs-Cet as
compared to that of dextran-coated Fe304 nanoparticles, Cet and Dox-
NPs, A549 cells were incubated with these compounds for 24 h and 48 h
in the following concentration ranges: dextran-coated Fe3O, nano-
particles (25-1000 ug/mL), Cet solution (10-500 ug/mL), Dox-NPs
(Dox: 0.1-2 ug/mL) and Dox-NPs-Cet (Dox: 0.1-2 pug/mL).

As shown in Fig. 5, when treated with dextran-coated Fe;04 nano-
particles in the concentration range of 25-1000 pg/mL, viability of the
A549 cells exceeded 85% at all concentrations (Fig. 5A). This demon-
strates that dextran-coated FesO, nanoparticles have a good bio-
compatibility with A549 cells. When cells were co-cultured with
Cet alone (Fig. 5B), cell viability was affected slightly and there was no
statistically significant difference between the various concentrations

Fig. 4. Representative TEM images of A549
control cells and A549 cells treated with
Dox-NPs-Cet in modified RPMI-1640 at
37 °C for 3 h. Nanoparticles were located at
the cell membrane and in intracellular ve-
sicles in which they form large aggregates.
Arrows are used to show typical examples of
the localization of Dox-NPs-Cet targeting
nanocarriers within the cells. A) Control
cells, not treated. B) Nanocarriers con-
centrate near some sites of the plasma
membrane. C) A typical example of nano-
carriers concentrated in an intracellular ve-
sicle (arrow). Some particles can also be
seen in the vicinity of the plasma mem-

brane. D) Typical examples of large ag-
gregates of nanocarriers concentrated in
endosomes (arrows).
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and culture times. However, when incubated with Dox-NPs or with
Dox-NPs-Cet a significant reduction of the viability of the A549 cells
followed and this was already the case after 24 h. Stronger inhibition
could be observed after 48 h. The IC50 value of Dox-NPs-Cet at 48 h
(0.22 pg/mL) is much lower than that of Dox-NPs (0.68 ug/mL), in-
dicating that conjugating Dox-NPs with Cet significantly increases the
cytotoxicity of Dox-NPs (Fig. 5C, D).

4. Discussion

In this report, we synthesized co-conjugates of Cetuximab and
Doxorubicin loaded on dextran-coated Fe;O, magnetic nanoparticles
(Dox-NPs-Cet) as novel targeted nanocarriers for potential use in non-
small cell lung cancer treatment. The chemical composition and phy-
sicochemical properties of the co-conjugates were analysed by FTIR,
VSM, DLS, and SDS-PAGE. Coating of dextran-coated Fe;O4 magnetic
nanoparticles with Dox and Cet was shown to be successful. The co-
conjugated particles were shown by TEM to have an appropriate hy-
drodynamic size of 144.5nm, in the range of 100-200 nm, which al-
lowed them to easily enter into the cell [34]. Large aggregates of Dox-
NPs-Cet were found in the cells. Dox-NPs-Cet show cytotoxicity effects
on A549 cell, a NSCLC cell line expressing the wild-type EGFR. The
cytotoxicity test demonstrated that Cetuximab loaded Dox-NPs sig-
nificantly reduced the cell viability in a dose-dependent manner. While
the dextran-coated Fe;O4 magnetic nanoparticles were biocompatible
with A549 cells and showed no concentration dependent cytotoxic ef-
fects.

As a delivery system in relation to Doxorubicin and Cetuximab, the
dextran-coated Fe3;O, magnetic nanoparticles provided a large solid
surface for drug loading. This could improve the drugs pharmacoki-
netics and biological distribution [36]. Furthermore, magnetic nano-
particles greatly facilitated the co-conjugate preparation process which
is an important factor for a good anticancer nanomedicine [37].

As mentioned above, the majority of patients with NSCLC present
with already locally advanced or metastasised disease at the moment of
diagnosis. Local treatments including surgery and radiotherapy and
their combinations, very effective for local disease, are therefore

insufficiently effective for the majority of patients. In recent years sig-
nificant research efforts have been made in mouse models to use
magnetic nanoparticles for improving loco-regional cancer treatment.
Some studies have focused on targeting drug loaded particles to the
vicinity of the tumor with the use of an external magnetic field [30]
while others target the particles to the tumor tissue using for example a
monoclonal antibody like Cet and subsequently apply an alternating
magnetic field to induce hyperthermia in the tumor area [38]. How-
ever, the traditional loco-regional treatments cannot be used to treat
micro-metastases or circulating cancer cells that cannot be detected by
existing imaging techniques. These micrometastases and circulating
tumor cells lead to a high rate of cancer treatment failure and the effect
of existing systemic treatments on the cure rate of NSCLC patients is, so
far, regrettably poor.

It is therefore, in the present work, not our only goal to develop
nanocarriers for the improvement of loco-regional treatments. On the
contrary we developed a versatile platform with the potential to also
treat minimal residual disease, after local treatments have been applied.
We demonstrated that our carriers can be used for targeted drug de-
livery and in view of their superparamagnetic nature and their ability to
be magnetically manipulated they can also be used for guidance by a
magnetic field and for hyperthermia. In this respect our co-conjugates
of Cet and Dox loaded on dextran-coated Fe;04 magnetic nanoparticles
offer a significant advantage as compared with Cet conjugated and dox
loaded silica nanoparticles [23].

The capacity to magnetically manipulate the co-conjugates is also
highly important for testing their capacity to prohibit or delay growth
of micro-metastases in animal models. After injection of cancer cells in
the tail vein of laboratory animals, micro-metastases will develop first
in the lungs [39]. Treatment with the Cet and Dox loaded dextran-
coated Fe304 magnetic nanoparticles is expected to delay this devel-
opment. Magnetic manipulation of the co-conjugates to another part of
the body of the animal during administration, forms an important
control experiment needed for demonstrating that the therapeutic
benefit obtained is related to the local action of the co-conjugate on the
micro-metastases.
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5. Conclusion

Our results clearly demonstrate that dextran coated FesO, nano-
particles can be efficiently conjugated with both a cytostatic drug and a
targeting monoclonal antibody. The nanocarriers are taken up by the
cells and the bound chemotherapeutic is released after which it reduces
the viability of the tumor cells. Our nanocarriers form versatile tools
that can be used for improving loco regional control by application of a
magnetic field for increasing the drug concentration in the tumor vi-
cinity or of an alternating magnetic field for inducing hyperthermia.
They will, more importantly, also facilitate research aiming at evalu-
ating their capacity to influence cancer progression at the level of mi-
crometastases. While Cetuximab forms an efficient monoclonal anti-
body for targeting EGFR expressing tumors, future research may lead to
even more efficient antibodies, for example with a higher binding af-
finity for the EGFR [40]. Such monoclonal antibodies may in the future
be used for more efficiently targeting potent drugs like Doxorubicin or
Cisplatin to NSCLC cells in order to further increase the specific toxicity
to the tumor cells thereby limiting side effects in other tissues.
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