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DNA electrotransfer to the skin:
a highly translatable approach to
treat peripheral artery disease
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The Gene Therapy article ‘Increased
perfusion and angiogenesis in a hin-
dlimb ischemia model with plasmid
FGF-2 delivered by noninvasive elec-
troporation’ by Ferraro et al. (this
issue) reports on a novel noninvasive
and potentially therapeutic approach
for peripheral artery disease (PAD)-
related limb ischemia. The approach
uses electroporation to enhance deli-
very of plasmid DNA encoding fibro-
blast growth factor-2 (FGF-2) to the
skin to induce neovascularization as a
therapy for ischemia in a rat model.
Specially designed electrodes were
used to accomplish effective delivery
to the skin and a single treatment was
shown to be sufficient to induce
vascularization in an ischemic limb.

PAD is a potentially debilitating
disease that typically results in the
reduction of blood flow to the lower
extremities and can lead to inter-
mittent claudication or critical limb
ischemia. Current treatment options
include risk factor reduction, physical
therapy and training, pharmacologi-
cal treatment or open surgical proce-
dures to revascularize the ischemic
limb. These approaches can be limited
by associated comorbidities, such as
diabetes, coronary artery disease or
stroke.1,2 Alternative approaches are
being investigated for PAD, including
therapeutic angiogenesis.3

Delivery of angiogenic growth
factors, including vascular endo-
thelial growth factor and FGF, are
being evaluated as potential thera-
peutic approaches for PAD, particu-
larly when direct revascularization
is not possible.4 Administration of
recombinant FGF-2 protein has shown
promise for the treatment of PAD-
related symptoms. There are disad-
vantages to the use of recombinant
protein in a clinical setting, particu-
larly its short half-life5,6 and poor
bioavailability, which necessitates

frequent administration to sustain
lasting effects. In light of this, gene
therapy approaches seem extremely
attractive. Both viral and nonviral
gene therapy approaches have been
used to deliver angiogenic factors.
Although viral vectors can result in
high levels and long-term expression
compared with nonviral delivery,
the use of these vectors has caused
inflammatory responses, formation
of antibodies to the viruses, transient
fever7 and hepatotoxicity.8 Although
most nonviral approaches have
yielded much lower expression, elec-
troporation has been used effectively
to enhance nonviral delivery. Previous
PAD studies delivered plasmid
FGF-2 by intramuscular injection with
electroporation and demonstrated
improved ischemic hindlimb blood
flow and increased angiogenesis.9

The strategy reported in the cur-
rent paper is an improvement over
these other approaches. In contrast to
muscle delivery, targeting the skin
allows for control of the localized
expression level and duration. This
noninvasive approach to deliver
FGF-2 to an ischemic limb is also
an attractive alternative to viral
and recombinant protein approaches
because it reduces the potential of
adverse side effects of viral delivery
and the practicality issues associated
with recombinant protein. Although
this approach will still need to be
further developed before it can be
tested in the clinic, the study pre-
sented evidence that it could be used
as a therapy for ischemic limbs. It has
the advantages of decreased possibi-
lity of side effects, local control of
expression and minimally invasive
delivery. These factors, coupled with
the recent success of a phase I clinical
trial for metastatic melanoma using
electroporation-mediated delivery of
interleukin-12 plasmids to the skin

with no significant adverse effects,
make this approach intriguing.10
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