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Cationic star homo- and co-polymers for
gene delivery
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Several groups of star polymers were
synthesized and evaluated as gene deliv-
ery vehicles. All polymers were synthesized
by group transfer polymerisation and were
based on 2-(dimethylamino)ethyl methacry-
late (DMAEMA). In particular, one group of
DMAEMA star homo-polymers of different
molecular weights and three groups of star
copolymers of different architectures were pre-
pared. The three groups of copolymers were
based on the DMAEMA monomer and a sec-
ond hydrophilic monomer comprising either
poly(ethylene glycol) methacrylate, methacrylic
acid or glycerol methacrylate. All series of star
polymers were characterized by gel permeation
chromatography and nuclear magnetic reso-
nance spectroscopy. Aqueous solutions of the
star polymers were studied by turbidimetry,
hydrogen ion titration, and dynamic light scat-
tering. All but the most recent star polymers
were evaluated for their ability to transfect
cells. The transfection efficiency was affected by
the molecular weight of the star polymer, the
star architecture and the nature of the second
co-monomet.
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Gene electrotransfer: comparison
between 2D cultured cells and multi-
cellular tumor spheroid model
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Electroporation is a physical method to
deliver molecules into cells and tissues. Clinical
applications have been successfully developed

for antitumoral drug delivery and clinical tri-
als for gene electrotransfer are underway [1].
However, little is known about the mecha-
nisms involved in these processes. The main
difficulties stem from the lack of cell models
which reliably replicate the complex in vivo
environment. To increase our understand-

ing of the DNA electrotransfer mechanisms,
we recently exploited multicellular tumor
spheroids (MCTS) as an ex vivo model of tumor
[2]. This 3-dimensional model can replicate
the in vivo in complex environment and there-
fore enables us to develop new strategies for
studying mechanisms of molecules delivery by
electric field pulses. In the present study, we
observed cells response to electric field pulses
for propidium iodide and plasmid DNA delivery.
HCT116 cells were pulsed either in suspension
(2D culture) or in MCTS (3D culture) and 10
pulses lasting 5 ms were applied at different
voltages. Confocal and biphotonic microscopy
allowed us to visualize the repartition of perme-
abilized and transfected cells in MCTS subjected
to electric pulses. Flow cytometery analysis was
used to obtain quantitative analysis both on
cells pulsed in suspension or on cells pulsed

in MCTS (in that case, cells were dissociated

by an enzymatic treatment). Results show dif-
ferences in electric field sensitivity between
cell in suspension and MCTS. Permeabilization
process (revealed by propidium iodide uptake)
is affected only the first cell layers of MCTS. A
maximum of 30% of cells being permeabilized
was obtained at 400V cm™'. Increasing the
field strength above that value did not further
increase the number of permeabilized cell.

On the contrary, in the case of cells pulsed in
suspension, up to 90% of cells were shown to
be permeabilized at 700V cm~". DNA delivery
process (revealed by GFP expression) showed
that less than 5% cells were transfected when
present in the spheroid model while, under
the same conditions, about 25% of them were

transfected when pulsed in suspension. These
results point out the difficulty DNA has to cross
the multicellular barrier and give an expla-
nation for the different of responses of cells

in vitro and in vivo [3]. Taken together, these
results are in agreement with the ones obtained
in tumors and indicate that the spheroid model
is more relevant to an in vivo situation than
cells cultured as monolayers. They validate

the spheroid model as a way to study electro-
mediated gene delivery processes.
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Gene transfer into muscle cells is a key issue
in biomedical research. Indeed, it is important
for the development of new therapy for many
genetic disorders affecting this tissue and for
the use of muscle tissue as a secretion platform
of therapeutic proteins. Electrotransfer is a
promising method to achieve gene expression
in muscles. However, this method can lead
to some tissue damage especially on patho-
logic muscles. Therefore there is a need for
the development of new and less deleterious
methods. Triblock copolymers as pluronic L64
are starting to be used to improve gene transfer
mediated by several agents into muscle tissue.
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