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MAGNETOFECTION: ENHANCING AND TARGETING GENE DELIVERY 
BY MAGNETIC FORCE 

C. Plank 1, F. Scherer1, U. Schillinger 1, M. Anton 1, & C. Bergemann 2 
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INTRODUCTION: The true benefits of gene therapy are 
only realized if the limitations posed by insufficient gene 
transfer efficacy and specificity can be overcome. 
Moreover, assigning function to the recently decoded 
primary sequences of vertebrate genomes affords rapid and 
highly efficient gene transfer techniques in vitro amenable 
to high throughput automation. The objectives of this study 
were to exploit the attractive forces of magnetic gradient 
fields on superparamagnetic particles to potentiate the 
efficacies, improve the kinetics and dose response profiles 
of gene transfer processes, and target gene delivery with 
applied magnetic fields. Similar approaches have been 
described previously in magnetic targeting of classic drugs 
and have been used with some success in the treatment of 
cancer patients [1-2]. 

METHODS: Superparamagnetic iron oxide nanoparticles 
were manufactured with polyelectrolyte surface coatings to 
allow their association with gene vectors by salt-induced 
colloid aggregation. State-of-the-art gene vectors were 
associated with these particles by simple mixing in salt-
containing buffers. Association was evaluated by dynamic 
light scattering, zeta potential measurements and electron 
microscopy, and was quantified with radioactively labeled 
components. Magnetic devices with neodymium-iron-boron 
(NdFeB) permanent magnets (remanence Br = 1080 - 1150 
mT) matched the dimensions of cell culture dishes, under 
which the magnets were placed for in vitro gene delivery. 
For in vivo gene delivery, rectangular-shaped NdFeB 
magnets were positioned in direct contact with the target 
tissue of gene transfer, such as blood vessels, the intestine 
or the stomach followed by luminal injection of 
superparamagnetic gene vectors. 

RESULTS: Synthetic and viral gene vectors associated 
quantitatively with polyelectrolyte-coated 
superparamagnetic nanoparticles by salt-induced 
aggregation. The magnetic gradient fields of the devices 
constructed for cell culture experiments were sufficient to 
sediment superparamagnetic gene vectors on target cells 
quantitatively within a few minutes. As a consequence, the 
required process times of gene transfer decreased from 
hours to minutes (Fig. 1, left). Also, the dose-response 
profiles were greatly improved (Fig. 1, right), and gene 
transfer efficiencies were raised up to 5 orders of 
magnitude.  

Fig. 1: The transfection reagents GenePorter (left) and 
Lipofectamine (right) were incubated with plasmid DNA 
(squares) containing the luciferase gene as reporter 
according to the instructions of the manufacturers or with 
plasmid DNA previously mixed with polyethylenimine-
coated superparamagnetic iron oxide nanoparticles 
(circles). NIH3T3 mouse fibroblasts were incubated with 
these preparations in the presence (filled circles) or the 
absence of a magnetic field for the specified durations (left) 
or with serial dilutions of these preparations for 15 min 
(right). Reporter gene expression was determined after 24 
hrs by measuring the luminescence arising upon substrate 
(luciferin) addition to cell extracts. 

Notably, gene transfer was confined ("targeted") to an area 
defined by the shape of the magnetic fields of the applied 
magnetic devices (Fig. 2). This held true for any gene 
transfer technique examined (viral and nonviral). Gene 
delivery even to otherwise non-permissive cells and tissues 
was achieved. Most importantly, magnetic field-guided 
local transfection in vivo in the gastrointestinal tract and in 
blood vessels was feasible. The principle of magnetic drug 
targeting is universally applicable to gene vectors. 
DISCUSSION & CONCLUSIONS: The drastically 
lowered vector dose, the short incubation times required to 
achieve high transfection / transduction efficiency, and the 
possibility of gene delivery to otherwise non-permissive 
cells make magnetofection an ideal tool for ex vivo gene 
therapy approaches and for screening purposes where the 
available vector dose, the required process time, and the 
sustainable costs of the procedure are limiting factors. For 
in vivo gene- and nucleic acid-based therapies, 
magnetofection may become a good choice where local 
treatment is required. Specific and efficient magnetic 
targeting of interior body regions upon systemic vector 
administration will require the generation of focused strong 
magnetic fields, a challenge for physical and medical 
sciences. 

Fig. 2: NIH3T3 cells were incubated for 5 min with a 
recombinant adenovirus carrying the lacZ reporter gene at 
a multiplicity of infection (MOI) of 200 with a NdFeB 
magnet attached under the culture dish (right) or without 
magnet (left). The virus preparation was previously 
associated with polyethylenimine-coated 
superparamagnetic iron oxide nanoparticles. NIH3T3 cells 
are non-permissive for adenovirus infection, as they do not 
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express the virus receptor (CAR). By magnetofection, this 
limitation can be overcome, and gene transfer is confined 
to an area defined by the shape of the magnet attached 
under the dish (rectangular area in the right dish). 
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