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MAGNETOFECTION: ENHANCING AND TARGETING GENE DELIVERY
BY MAGNETIC FORCE

C. Plank*, F. scherer”, U. Schillinger *, M. Anton*, & C. Bergemann

2

! Technische Universitét Miinchen, D-81675 Munich, *Chemicdl, D-10777 Berlin, Germany

INTRODUCTION: The true bendfits of gene thergpy ae
only redized if the limitations posed by inauffident gene
trander efficacy and gedficty can be overcome
Moreover, assgning function to the recently decoded
primary sequences of vertebrate genomes afords rpid and
highly effident gene trandfer techniques in vitro amenddle
to high throughput automeation. The ojectives of this Sudy
were to explait the atractive forces of magnetic gradient
fidds on superparamagnetic patides to potertiate the
efficadies, improve the kingtics and dose regponse profiles
of gene trander proceses, and target gene ddivery with
goplied magnetic fidds Smilar gpproaches have ben
described previoudy in magnetic targeting of dassic drugs
and have been usad with some success in the trestment of
cancer patients[1-2).

METHODS Superparamagnetic iron oxide nanopartides
were manufactured with polydectrolyte surface coetingsto
dlow ther assodation with gene vectors by sdt-induced
colloid aggregation. Siated-the-at gene vedors were
asodated with these partides by Smple mixing in slt-
containing buffers Assodiation was evauated by dynamic
light scattering, zeta potential measurements and dectron
microsoopy, and was quantified with redicectively labded
components Magnetic devices with neodymiumiron-boron
(NdFeB) pamanent magnets (remanence Br = 1080 - 1150
mT) matched the dimengons of cdl culture dishes, under
which the magnets were placed for in vitro gene ddivary.
For in vivo gene ddivery, rectangular-sheped NdFeB
meagnets were posdtioned in direct contact with the target
tissue of gene trander, such as blood vesHs the intetine
o the domach fdlowed by Iumind injection of

Uperparamagnelic genevettors

REULTS Synthetic and vird gene vettors associated
quantitatively with polydectrolyte coated
Upapaanagnetic  nanopatides by  sdt-induced
aggregation. The magnetic gradient fidds of the devices
condructed for odl culture experiments were sufficient to
sediment superparamagnetic gene vectors on target cdls
quantitatively within afew minutes As a consequence, the
required process times of gene trander decressed from
hours to minutes (Fg. 1, left). Also, the doseresponse
profiles were greatly improved (Fg. 1, right), and gene
trander effidendes were rased up to 5 ordas of
megnitude.
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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 super paramagnetic 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 trandfer was confined (“targeted”) to an aea
defined by the shape of the megnetic fidds of the goplied
megnetic devices (FHg. 2). This hdd true for ay gene
trander technique examined (vird and nonvird). Gene
ddivery even to othewise non-permissive cdls and tissues
was achieved. Maog importantly, megnetic fidd-guided
locd trandfection in vivo in the gastrointestind tract and in
blood vesH s was feasble. The prindple of magnetic drug
targeting isuniversdly gpplicable to gene vectors
DISCUSSION & CONCLUSIONS: The dradticdly
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 loca
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 chalenge for physica and medical
sciences.
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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

super paramagnetic iron oxide nanoparticles. NIH3T3 cells
are non-permissive for adenovirus infection, as they do not



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 areain the right dish).
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