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Abstract Stable 30-50 nm polymeric polyethylene
glycol-phosphatidylethanolamine  (PEG-PE)-based
micelles entrapping superparamagnetic iron oxide
nanoparticles (SPION) have been prepared. At sim-
ilar concentrations of SPION, the SPION-micelles
had significantly better magnetic resonance imaging
(MRI) T2 relaxation signal compared to ‘plain’
SPION. Freeze-fracture electron microscopy con-
firmed SPION entrapment in the lipid core of the
PEG-PE micelles. To enhance the targeting capabil-
ity of these micelles, their surface was modified with
the cancer cell-specific anti-nucleosome monoclonal
antibody 2C5 (mAb 2C5). Such mAb 2C5-SPION
immunomicelles demonstrated specific binding with
cancer cells in vitro and were able to bring more
SPION to the cancer cells thus demonstrating the
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potential to be used as targeted MRI contrast agents
for tumor imaging.
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Introduction

Superparamagnetic iron oxide nanoparticles (SPION)
have received increased attention due to their char-
acteristic small size (4-10 nm) and magnetic
properties. SPION exist mostly either as magnetite
(FesO4) or maghemite (y-Fe,Os3). As the name
suggests, these nanoparticles exhibit paramagnetism,
i.e., they acquire large magnetic moments in the
presence of external magnetic field and lose magnetic
properties upon the removal of this field (Gupta and
Gupta 2005; Corot et al. 2006). It is because of this
property, there was a significant interest in develop-
ing SPION for their application as MRI contrast
agents (Kang et al. 2002; Durand et al. 2007; Mulder
et al. 2007; Sun et al. 2008) as well as for live cell
tracking (Sykova and Jendelova 2007), magnetic
targeting (Alexiou et al. 2003; Dandamudi and
Campbell 2007; Martina et al. 2007; Mathieu and
Martel 2007; Silva et al. 2007; Tang et al. 2007;
Zhang et al. 2007; Yang et al. 2008), alternating
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current (AC)-assisted hyperthermia anti-cancer (Ito
et al. 2006; Johannsen et al. 2006; Fortin et al. 2007,
Jin et al. 2008), and many other applications [for
reviews refer (Gupta and Gupta 2005; Ito et al. 2005;
Corot et al. 2006; Silva et al. 2007)].

However, ‘plain’ SPION are not stable at normal
physiological conditions and show a tendency to
aggregate because of their high hydrophobic nature
and small size. They often need to be coated with
different polymers in order to stabilize them in
suspension. Attempts have been made to stabilize
SPION by their incorporation into liposomes (Kubo
et al. 2001; Dandamudi and Campbell 2007), poly-
meric micelles (Ai et al. 2005; Nasongkla et al.
2006), microemulsions (Munshi et al. 1997) as well
as by their surface coating with dextran (Wada et al.
2003) and many other polymers. High accumulation
of SPION in target organs is a usual requirement for
better MRI contrast and/or AC-assisted hyperthermic
anti-cancer therapy. Still, even stabilized SPION
when administered parenterally, distribute into tis-
sues and organs non-specifically, with no specific
accumulation into areas of interest.

Polyethylene  glycol-phosphatidylethanolamine
(PEG-PE)-based polymeric micelles have been
proven to be the delivery system of choice for
various hydrophobic drugs/diagnostic agents, since
they demonstrate a prolonged blood circulation and
can be functionalized through PEG water-exposed
termini with various target-specific ligands. In our
previous work, we have shown that the micelles
prepared from PEG-PE conjugates can be efficiently
loaded with various poor water-soluble anti-cancer
drugs and they accumulate into experimental tumors
via the enhanced permeability and retention (EPR)
effect (Torchilin 2004). In addition, these micelles
can also be decorated with various specific ligands
attached to their outer surface (distal termini of PEG
chains). Thus, the anti-cancer nucleosome-specific
monoclonal antibody 2C5 (mAb 2C5) was attached to
such micelles, which recognizes the surface of a
broad variety of tumor cells (but not normal cells) via
tumor cell surface-bound nucleosomes (Iakoubov
et al. 1995; Iakoubov and Torchilin 1997, 1998;
Torchilin et al. 2004), making the resulting immu-
nomicelles capable of specifically targeting a broad
variety of tumors (Torchilin et al. 2003; Elbayoumi
et al. 2007; Sawant et al. 2008). In these studies, it
was also clearly demonstrated that mAb 2C5-
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modified pharmaceutical nanocarriers demonstrate
high specificity toward cancer cells showing very
little if at all uptake by normal cells, and internaliz-
able mAb 2C5 enhances the internalization of drug-
loaded nanocarriers by cancer cells (Torchilin et al.
2003; Lukyanov et al. 2004; Gupta et al. 2005).

Here, we attempted to combine the longevity of
PEG-PE polymeric micelles and their targetability by
the mAb 2C5 to produce SPION-loaded mAb 2C5-
PEG-PE polymeric immunomicelles capable of
bringing an increased quantity of SPION to cancer
cells for various therapeutic and diagnostic applica-
tions including MRI.

Experimental
Materials

1,2-Distearoyl-sn-glycero-3-phosphoethanolamine-
N-[poly(ethyleneglycol)2000] (PEG;00—PE) and 1,2-
dipalmitoyl-sn-glycero-3-phosphoethanolamine-N-
[lissamine rhodamine B sulfonyl] [ammonium salt]
(Rhodamine-PE or Rh-PE) were purchased from
Avanti Polar Lipids (Alabaster, AL, USA). Trimethyl-
amine oxide [(CH;3);NO], Iron(0) pentacarbonyl
[Fe(CO)s], hexane, ethanol, octyl ether, and all
other chemicals were purchased from Sigma Chem.,
Inc. (St. Louis, MO, USA). HOECHST 33342 was
purchased from Invitrogen Corp. (Carlsbad, CA,
USA). Dulbecco’s Modified Eagle’s Medium, Hanks’
Balanced Salt Solution (HBSS), fetal bovine serum,
and penicillin/streptomycin stock solutions were
purchased from CellGro (Kansas City, MO, USA).
Tissue culture grade fetal bovine serum and trypsin
were obtained from ICN Biomedicals (Costa Nesa,
CA, USA). The production and purification of the
anti-nucleosomal cancer-specific mAb 2C5 were
carried out by Harlan Bioproducts (Indianapolis, IL,
USA) using the hybridoma cell line from our
laboratory. Control bovine IgG antibody was pur-
chased from Millipore Corp. (Bedford, MA, USA).
p-Nitrophenylcarbonyl-polyethyleneglycol-3400-
phosphatidylethanolamine (pNP-PEGs3400—PE) was
synthesized in our lab according to the procedure
described earlier (Torchilin et al. 2001). Cancer cell
lines were purchased from the American Type
Culture Collection (Rockville, MD, USA). Distilled
and deionized water was used in all experiments.
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Synthesis of SPION

The nanoparticles were synthesized using the thermal
decomposition method developed by Hyeon et al. with
some slight modifications (Hyeon et al. 2001). In brief,
1.28 g oleic acid was dissolved in 10 mL octyl ether,
and then heated to about 100 °C. To this solution,
200 pL. of Fe(CO)s was added. The mixture was
refluxed at 280 °C for 1 h and then cooled to room
temperature. The solution changed color from pale-
yellow green to dark black during the heating process.
To this mixture 0.34 g of (CH;3);NO was added along
with 500 pL of octyl ether to facilitate complete
transfer of the salt. The mixture was then heated to
130 °C for 2 h under argon atmosphere. The temper-
ature was slowly increased to reflux temperature of
280 °C and maintained for an additional 1 h. The iron
oxide nanoparticles were precipitated out from this
solution using ethanol, separated from the supernatant
by centrifugation, dried under argon, weighed, and re-
dispersed in hexane to obtain a 1.5 mg/mL SPION
solution. SPION obtained by this method were typi-
cally in the range of 4-6 nm as determined by
transmission electron microscopy (data not shown).

Preparation of SPION-micelles

SPION-micelles were prepared by the lipid film
rehydration method. Briefly, 10 mg of PEG;0—PE
in chloroform and 0.25 mg of SPION in hexane were
mixed and the organic solvents were removed by
rotary evaporator. Any residual solvents were
removed by using freeze-dryer overnight. The dry
film was than rehydrated using 2 mL 10 mM
HEPES-buffered saline (HBS) pH 7.4 by vortexing
for 5 min followed by the bath sonication for 5 min
to get SPION-loaded PEG-PE micelles. Since the
transition temperature of PEG-DSPE is above 37 °C,
we have performed the sonication at room temper-
ature with cooling to keep the system below the
transition temperature. The micelle size was deter-
mined by the dynamic light scattering (DLS) in
ZetaPlus particle size analyzer (Brookhaven Instru-
ments Corporation Holtsville, NY, USA).

Freeze-fracture electron microscopy

For determining the structure of the micelles after the
incorporation of SPION, the freeze-fracture electron

microscopy was carried out for ‘plain’ PEG-PE
micelles and SPION-micelles (10 mg/mL in HBS pH
7.4). The sample was quenched by using the sand-
wich technique and liquid nitrogen-cooled propane.
A cooling rate of 10,000 K s~' avoids ice crystal
formation and artifacts possibly caused by the
cryofixation process. The cryo-fixed samples were
stored in liquid nitrogen for <2 h before processing.
The fracturing process was carried out in JEOL JED-
9000 freeze-etching equipment, and the exposed
fracture planes were shadowed with platinum for
30 s at an angle of 25-35° and with carbon for 35 s
(2 kV, 60-70 mA, 1 x 1073 torr). The replicas were
cleaned with fuming HNOj; for 24 h followed by
repeated agitation with fresh chloroform/methanol
(1:1 by vol) at least five times and examined with a
JEOL 100 CX electron microscope.

Magnetic resonance relaxation rate of ‘plain’
SPION and SPION-micelles

When used as contrast agent for MRI, SPION
increase the relaxation rate of water and have the
greatest effect on the T2 (spin—spin) relaxation rate.
However, this change in the relaxation rate depends
on the size of the SPION, degree of aggregation,
surface coating thickness, etc. In vitro relaxation
parameters of both the ‘plain’ SPION (i.e. SPION
dispersed in HBS, pH 7.4) and SPION-micelle
samples were measured using a benchtop 5 mHz
RADX NMR Proton Spin Analyzer at room temper-
ature in HBS, pH 7.4, at different SPION
concentrations.

Preparation of SPION-immunomicelles

First, mAb 2C5 or nonspecific control bovine IgG was
conjugated to pNP-PEG3490—PE as previously with
some modifications (Lukyanov et al. 2004; Elbayoumi
et al. 2007; Elbayoumi et al. 2007; Elbayoumi and
Torchilin  2008). In brief, 14 mg PEG;y,—PE
(97 mol.%), 0.45 mg pNP-PEG3490—PE (2 mol.%),
0.064 mg Rh-PE (1 mol.%) in chloroform and
0.35 mg SPION in hexane were dried in a rotary
evaporator and freeze-dryer to form a thin film. The
film was hydrated with 1 mL of 5 mM citrate buffered
saline, pH 5.0, by vortexing for 5 min followed
by bath sonication for 5 min to form the micelle
solution. Separately, 1 mL solution (1.56 mg/mL)
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of the mAb 2C5 or non-specific bovine gamma
immunoglobulin antibody (IgG) was prepared in
50 mM phosphate-buffered saline, pH 8.7, and incu-
bated with the above micelle solution with stirring
overnight at 4 °C to allow the attachment of the
antibody to the activated PEG terminus with the
simultaneous hydrolysis of non-reacted pNP groups,
thus forming the SPION-2C5-immunomicelles. The
formulations were then purified using dialysis bags
MWCO 250 kDa against HBS, pH 7.4, with four
changes within 6 h. After purification, the antibody
concentration in the micelle preparation was esti-
mated by the BCA protein assay kit (Pierce
Biotechnology, Inc. Rockford, IL, USA) according
to manufacturer’s recommendations. The micelle size
was confirmed by DLS in ZetaPlus particle size
analyzer (Brookhaven Instruments Corporation
Holtsville, NY, USA).

ELISA of immunomicelles

The specific activity of the immunomicelles was
determined by ELISA as described below. An ELISA
assay (indirect, using an enzyme-tagged secondary
Ab) was performed to show the ability of the SPION-
immunomicelles to recognize the target antigen,
nucleosomes (NS). The 96-well plates were coated
with 50 pL of 40 pg/mL poly-L-lysine (MW 30—
70 kDa). After discarding the poly-L-lysine solution,
the wells were blocked with 200 puL of TBS
containing 0.05% w/v Tween 20 and 2 mg/mL casein
(TBST-casein) for 1 h at RT, and then incubated with
50 pL of 40 pg/mL NS in TBST-casein for 1 h at RT
and washed three times with TBST. Then, the wells
were incubated with different concentrations of the
native mAb 2C5 and mAb2C5- and IgG-modified
SPION immunomicelles for 1 h at RT. After the
incubation, the wells were washed as before and
incubated with 50 pL/well of 1:5000 dilution of goat
anti-mouse IgG peroxidase conjugate (ICN Biomed-
icals, Inc., Aurora, OH) in TBST-casein for 1 h at
RT. The wells were again washed as before, and each
well was incubated with 100 pL of enhanced Kblue
TMB peroxidase substrate (Neogen Corporation,
Lexington, KY) for 15 min. The microplate was read
at a dual wavelength of 620 nm with the reference
filter at 492 nm using a Labsystems Multiskan MCC/
340 microplate reader installed with GENESISLITE
windows-based microplate software.
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Cell culture

Human breast carcinoma MCF-7 (American Type
Culture Collection, Manassas, VA, USA) cells were
maintained in DMEM cell culture medium at 37 °C,
5% CO,. DMEM media were supplemented with 10%
fetal bovine serum, 1 mM Na-pyruvate, 50 U/mL
penicillin, and 50 pg/mL streptomycin.

Interaction of SPION-loaded mAb 2C5-
immunomicelles with cancer cells in vitro

After the initial passage in tissue culture flasks, MCF-
7 cells were grown on coverslips in 6-well tissue
culture plates (100,000 cells per well) in DMEM
with 10% BSA. After the cells reached a confluence
of 70-80%, the plates were washed and blocked with
1% BSA in DMEM. Rhodamine-PE (Rh-PE)-
labeled micelle samples in a serum-free medium
were added to the cells at a final PEG-PE concen-
tration of 0.35-0.70 mM and incubated for 2 h at
37 °C, 5% CO,. After the incubation, the cells were
washed using three 1 mL washes of HBSS. The cells
were then digested using trypsin and collected in
HBSS. T2 relaxation times for the cell samples were
measured using Varian INOVA 500 MHz NMR
spectrometer at room temperature in HBSS. The
rhodamine fluorescence associated with the cells was
also measured using the Hitachi L2000 fluorospec-
trometer at the excitation wavelength of 550 nm and
emission wavelength of 590 nm.

Fluorescence microscopy

After the initial passage in tissue culture flasks, MCF-
7 cells were grown on coverslips in 6-well tissue
culture plates (50,000 cells per well) in DMEM with
10% BSA. After the cells reached a confluence of
40-50%, the plates were washed and blocked with
1% BSA in DMEM. Rh-PE-labeled micelle samples
in serum-free medium were added to the cells at a
final PEG-PE concentration of 0.35-0.70 mM and
incubated for 2 h at 37 °C, 5% CO,. After the
incubation, the cells were washed using three 1 mL
washes of HBSS. The cells were stained with
HOECHST 33342 at 5 pg/mL for 3 min followed
by washing with HBSS. Individual coverslips were
mounted cell-side down onto fresh glass slides with
PBS. Cells were viewed and pictures were taken with
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a Nikon Eclipse E400 microscope using the epifluo-
rescence microscopy.

Results and discussion
Size and size distribution of SPION-micelles

SPION-micelles were prepared in HBS, pH 7.4, by
the lipid film rehydration method. The formulations
were found to be stable with the size ranging from 25
to 50 nm as determined by DLS (Fig. 1). No
significant change in size was observed after the
formulations were kept at room temperature for over
2 weeks (data not shown). On the other hand, the
‘plain” SPION by themselves could not be suspended
in HBS, pH 7.4, thus showing a visible aggregation.

Freeze-fracture electron microscopy

Freeze-fracture electron microscopy was used to
study the morphology of the SPION-micelles and
confirms whether there is a difference from the
morphology of ‘plain” PEG-PE micelles as well as
for determining whether the SPION were loaded
inside the lipid core of the PEG—PE micelles or were
present as aggregates externally. As could be clearly
seen from the electron micrographs taken from
several freeze-fracture preparations of either ‘plain’
PEG-PE micelles or SPION-loaded PEG-PE
micelles, both samples contain medium concentration
of small (ca. 30-50 nm), overall spherical particles,
which indicated that the normal morphology of the
micelles was maintained. They display their shadows

Fig. 2 Freeze-fracture
micrographs of a ‘plain

s

PEG-PE micelles and b 2
SPION-loaded PEG-PE
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Fig. 1 Typical size distribution of SPION-micelles suspended
in HBS, pH 7.4

behind the structure, which is typical for ‘tight-core’
particles such as micelles. The only clear difference
in electron micrographs of the two samples was that
in case of SPION-loaded PEG-PE micelles, the
structures show, in addition, a darker inner core,
which is a clear indication of encapsulated SPION
(for typical micrographs, see Fig. 2).

Magnetic resonance relaxation rate of ‘plain’
SPION and SPION-micelles

For any MRI contrast, the relaxation rate depends on
the size of the contrast agent, degree of aggregation,
and concentration. PEG-PE-based polymeric
micelles were able to prevent the SPION form
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aggregation, and hence the T2 relaxation rate was
much greater in the case of SPION-micelles when
compared to ‘plain’ SPION at same concentration
(see Fig. 3). For example, at the concentration of
0.0625 mg/mL of SPION, the relaxation rate of
SPION-micelles was more than 30 times the relax-
ation rate of ‘plain’ SPION. This is a very important
and desirable property for developing MRI contrast
agents as more intense MRI signals will be obtained
at low concentrations of SPION, thus preventing
unnecessary high dose of the contrast agent to get
clinically relevant MRI images of the pathological
organs.

SPION-immunomicelles and their
characterization

In order to further improve the SPION-micelles, we
modified their outer PEG corona with tumor cell-
targeting nucleosome-specific mAb 2CS5, using a
simple and reproducible chemistry using pNP-
PEG3400—PE (Torchilin et al. 2001). As was seen
previously, in the attachment of mAb 2C5, there was
almost no change in size of the SPION-immunom-
icelles. SPION-immunomicelles were fluorescently
labeled using Rh—PE to follow their interaction with
cells in vitro. The conjugation of the antibody to the
Rh—PE-labeled SPION-micelles was gentle enough,
as follows from the ELISA assay, and the activity of
the mAb 2C5-SPION-immunomicelles toward the
specific antigen, nucleosomes, was maintained almost

0.2 - SPION-micelles

0.16 5

0.12 4

0.08 A

1/T2 (sec-1)

0.04 1

"Plain” SPIONs

0 Gpem— . . ' : ;
0 0025 005 0075 01 0125 0.15

Concentration of SPIONs (mg/mL)

Fig. 3 In vitro relaxation rate comparison of ‘plain’ SPION
and SPION-micelles at different concentrations of SPIONs
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at the level of native unmodified mAb 2C5. The
‘plain’ SPION-micelles or non-specific bovine IgG-
modified SPION-micelles did not show any binding
to the monolayer of the nucleosomal antigen (Fig. 4).

In vitro cell interaction of mAb 2C5 SPION-
immunomicelles

After ensuring that the mAb 2C5 maintained its
specific activity upon the conjugation to SPION-
micelles (2C5-SPION-micelles), their interaction with
human breast tumor cell line MCF-7 in vitro was
carried out using both epifluorescence microscopy and
fluorescence spectrometer using bovine IgG SPION-
micelles and “Plain” SPION-micelles as control.
After incubating the SPION-micelle formulations
with the cells, any free unbound micelle is removed
during the HBSS washing. As can be seen in
epifluorescence microscopy pictures in Fig. 5, the
specificity of the conjugated mAb 2CS5 resulted in the
increased association of these micelles with the MCF-
7 cells, when cells were incubated with mAb 2C5-
SPION-immunomicelles in comparison to the ‘plain’
and ‘non-specific’ bovine IgG-modified SPION-
micelles (following the micelle-associated Rh fluo-
rescence). One has to notice here that the lack of
any specific interaction of mAb 2C5-modified
pharmaceutical nanocarriers with normal cells
was repeatedly shown in many of our previous

2 -
1.8 4
1.6 -
1.4 -
£
c 1.2
N
g 1]
§ 0.8 - —4— Native mAb 2C5
g_.,’ 0.6 —#— "Plain" SPION-micelles
< 0.4 - —A— MAb2C5 SPION-micelles
0.2 - Bovine IgG SPION-micelles
0 R ——— — )
0 2§ 1 2 3 4
e Concentration of protein
(ng/mL)

Fig. 4 Binding of mAb 2C5 SPION-immunomicelles and
control ‘plain” SPION-micelles or bovine IgG SPION-micelles
to a monolayer of nucleosomes
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experiments (Iakoubov et al. 1995, Torchilin et al.
2003; Elbayoumi and Torchilin 2007; Erdogan et al.
2008).

In order to quantify the amount of fluorescence
associated with the cells, the cells were digested/lysed
using trypsin and the cell lysate fluorescence was
measured using fluorescence spectrometer. In agree-
ment to the epifluorescence microscopy results, the
fluorescence associated with MCF-7 cells was signifi-
cantly higher in case of cells treated with mAb 2C5-
SPION-micelles in comparison to the ‘plain’ and ‘non-
specific’ bovine IgG-modified SPION-micelles (Fig. 6).

T2 relaxation rates of mAb2C5 SPION-
immunomicelles on cells in vitro

The aim of developing cancer cell-targeted SPION-
micelles was to ensure that the higher amount of
SPION is carried to the cancer cells for their more
efficient magnetic resonance imaging. We deter-
mined the T2 relaxation time of the lysed cells after
their co-incubation with plain, non-specific IgG-
modified or mAb 2C5-modified SPION-micelles.
The signal associated with the cells was determined

Fig. 5 Increased
fluorescence can be
observed from
epifluorescence microscopy
of human breast cancer
MCE-7 cells after
incubation with SPION-
micelles for 2 h. Left panel
shows nuclear HOECHST
33342 staining of the cell
nuclei and the right panel
shows associated micellar
rhodamine fluorescence
from the micelles.
Magnification of images at
40x objective

HOECHST Filter

4.00 |
O “Plain” SPION-micelles

B mAb2C5 SPION-micelles
3.00 1 [ Bovine IgG SPION-micelles
2.50 H

3.50

2.00 H
1.50 -
1.00
0.50 -

Fluorescence at 550/590 nm

0.00

A B

Fig. 6 Cell-associated rhodamine fluorescence using fluores-
cence spectrometer using micelles at concentration of (a)
0.35 mM PEG-PE or (b) 0.70 mM PEG-PE

using 500 MHz NMR. As expected, we observed a
significant increase in cell-associated T2 relaxation
rate (1/T2) in case of cells treated with mAb 2C5
SPION-immunomicelles (compared with the treat-
ment with non-targeted SPION-micelles) as seen in
the Table 1. This increased signal is the direct result
of target cell recognition by mAb 2C5-SPION-
immunomicelles.

Rhodamine Filter

mAb 2C5 SPION
micelles

Bovine IgG SPION
micelles

“Plain” SPION
micelles

@ Springer



J Nanopart Res

Table 1 Relaxivity R2 (1/T2) of the MCF-7 cells after the incubation with different concentrations of micellar preparations

Formulations

Concentration of PEG-PE applied to MCF-7 cells.

0.35 mM 0.70 mM
‘Plain’ SPION-micelles 43 +0.02 57! 524 0.05s7!
mAb 2C5 SPION-micelles 5.6 +0.01s7! 7.1 £0.025s7!
Bovine IgG SPION-micelles 43 £+ 0.00 s7! 6.0 £0.0257!

The relaxivity of the sample increases when larger quantity of SPION is associated with the cells

Conclusion

PEG-PE-based polymeric micelles offer a convenient
carrier system for suspending SPION in aqueous
medium. The formulations were stable with no
apparent aggregation compared to that observed in
the case of ‘plain’ SPION. SPION-loaded PEG-PE
micelles provided dramatically improved T2 relaxa-
tion rates. These SPION-micelles can be easily
modified with anti-cancer nucleosome-specific mAb
2C5 with the preservation of the antibody specific
activity to make them cancer cell-specific. mAb 2C5-
SPION-immunomicelles specifically recognize and
bind cancer cells in vitro, bring higher quantity of
SPION to these cells, and have a potential to serve as
an MRI contrast agent with improved T2 for better
tumor imaging. In addition to this, the specific
accumulation of mAb 2C5-SPION-immunomicelles
into the cancer cells makes these micelles good
candidates to be used in conjunction with AC-field-
assisted hyperthermic cancer therapy.
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