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in the Skin After Topical Delivery by
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Purpose. The aim of this study was to verify the hypothesis that the
application of high voltage to the skin enhances both stratum corneum
and keratinocyte permeability. Therefore, the transport of FITC labelled
phosphorothioate oligonucleotides (FITC-PS) administered by passive
diffusion, iontophoresis or electroporation was localized.

Methods. Fluorescent microscopy and laser scanning confocal micros-
copy were used to visualize the FITC-PS transport at the tissue and
cell level respectively in hairless rat skin after electroporation (5 X
(200V ~ 500 ms) or iontophoresis (same amount of charges
transferred).

Results. FITC-PS did not penetrate the viable skin by passive diffusion.
Molecular transport in the skin upon electroporation or iontophoresis
was localized and implied mainly hair follicles for iontophoresis. In
the stratum corneum, the pathways for FITC-PS transport were more
transcellular during electroporation and paracellular during ionto-
phoresis. FITC-PS were detected in the nucleus of the keratinocytes a
few minutes after pulsing. In contrast, iontophoresis did not lead to
an uptake of the oligomer.

Conclusions. The internalization of FITC-PS in the keratinocytes after
electroporation confirms the hypothesis and suggests that electropora-
tion, which allows both efficient topical delivery and rapid cellular
uptake of the oligonucleotides, might be useful for antisense therapy
of epidermal diseases.

KEY WORDS: electroporation; iontophoresis; oligonucleotides;
localization; topical delivery; transdermal delivery; skin.

INTRODUCTION

Antisense oligonucleotide (ON) technology uses single-
stranded DNA to modulate the transfer of information from
gene to protein. This property has made ON a potentially useful
tool in dissecting gene function in cells in culture and in inhib-
iting genes causing diseases. Many methods have been proposed
to increase ON delivery to the target cells, to increase their
resistance to nucleases and/or to enhance their cellular
uptake (1-4).

The accessibility of the skin makes it an easy target for
topical antisense therapy. A wide variety of skin diseases are
potential candidates for antisense therapy by topical delivery.
However, ON transdermal delivery is limited by the low perme-
ability of the skin (5). Therefore, delivery methods other than
passive permeation have been investigated.

High intensity electric field pulses can temporarily desta-
bilize and permeabilize lipid bilayers. This universal phenome-
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non, called electroporation or electropermeabilization (6), is
a commonly used method for introducing DNA into isolated
cells. More recently, electroporation has been shown to
increase transdermal drug delivery by transient permeabiliza-
tion of the multiple lipid bilayers of the stratum corneum, the
rate limiting barrier of the skin (7-10). We have recently
shown that electroporation also enhances the topical delivery
of ON (11). Therapeutic levels of an intact phosphorothioate
ON (PS) were reached in the viable tissues of hairless rat skin
in vitro within a few minutes (12). PS level in the target tissue
could be controlled (11). PS was mainly transported in the
targeted tissue by electrophoresis through a permeabilized
skin. The drug reservoir created during pulsing remained for
more than 4 hours (12).

In addition to its potency to deliver ON (11-13), electro-
poration might also facilitate ON uptake by skin cells. Indeed,
electroporation is able to permeabilize skin cells in vivo, as
assessed by electrochemotherapy (electroloading of bleomycin
in tumoral cells (14)), or by the efficient transfection of mouse
skin cells by plasmid DNA (15-16). Moreover, the rapid electro-
loading of ON into the target cells could improve their
potency (17).

Iontophoresis (i.e., the permeation of ionized or neutral
molecules across biological membranes under the influence of
electrical current) has also been shown to enhance ON across
hairless skin in vitro (18-19). However, in contrast to electropor-
ation, iontophoresis is not believed to permeate the cells of the
treated tissue. lontophoresis acts more on the drug than on the
skin structures, electrophoresis being the main driving force
for transdermal delivery of ON (7,18). We recently found that
both iontophoresis and electroporation of same amount of
charges transferred (Q) were efficient to deliver a phosphoro-
thioate ON (PS) topically (12). However, since besides enhanc-
ing skin permeability and providing a driving force,
electroporation could also permeabilize the epidermal cells,
electroporation could be more interesting than iontophoresis to
deliver topically ON in the skin.

The aim of this study was to check the hypothesis that
electroporation enhances both stratum corneum and corneocyte
permeability. Therefore, the routes of passage and the distribu-
tion of the antisense ON within the skin at the tissular and
cellular level were studied after ON delivery after passive diffu-
sion, iontophoresis and electroporation.

MATERIAL AND METHODS

Oligonucleotides

The oligonucleotide used (PS) (Eurogentec, Seraing, Bel-
gium) had all internucleoside links of phosphorothioate type.
Its sequence (5" ACC AAT CAG ACA CCA 3') is complemen-
tary to a sequence of the UL 52 essential gene of HSV-1 (20).
For the localization study, PS was labelled at the 5" end with
fluoresceine isothiocyanate (FITC) (Eurogentec, Seraing, Bel-
gium). It was purified by 25% denaturing polyacrylamide gel
electrophoresis (PAGE) (11). For the determination of the quan-
tity of PS delivered to the skin, PS was labelled at the C8
position of the purine bases by hydrogen exchange with tritiated
water (11), according to the method of Graham et al. (21). The
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specific activity of the *H-labelled PS was 0.11 mCi/umoles.
The purity of the *H-labelled PS was checked by PAGE.

In Vitro Model

The in vitro model was a polycarbonate vertical diffusion
chamber made of 2 compartments separated by hairless rat skin,
with epidermis facing the upper (donor) compartment. Full-
thickness abdominal rat skin samples (Mutant lops hairless rat,
Iffa Credo, S' Germain les Arbresles, France) were prepared
by gently scraping off subcutaneous fat of freshly excised skin.
Skin samples without stratum comeum (stripped skin) were
prepared by tape-stripping the skin 9 times (Scotch Cristal, 602,
Cergy Pontoise, France) before setting the diffusion cell. The
skin area exposed to both solutions was 1 cm?. Platinum pure
electrodes (0.25 cm?, Johnson Matthey, Brussels, Belgium) sep-
arated by 1 cm were used. The cathode was in the upper com-
partment while the anode was in the lower compartment. The
upper compartment was filled with 0.5 ml of PS solution (3.3
wM PS in 0.04 M Hepes buffer, pH 7, with EDTA 1 mM,
isotonized with 8% w/v sucrose). EDTA was added to avoid
enzymatic degradation of the FITC-PS (18). The lower compart-
ment contained 2.5 mt of 0.024 M phosphate buffer, pH 7.4
made isotonic with 4% w/v glucose. The lower compartment
was maintained at 37°C and continuously stirred. No shift in
pH due to pulsing was observed.

Topical Delivery of PS

PS was delivered to intact or stripped skin by electropora-
tion or iontophoresis. The electric protocols were chosen to
transfer equivalent amount of electric charges. Indeed, this
parameter allows the control of the transport of PS upon applica-
tion of high voltage pulses (11,12), but also determines the
amount of drug delivered by iontophoresis (22). Given that the
removal of the stratum corneum prior to pulsing has been shown
to increase the concentration of PS in the target tissues by one
order of magnitude (11), experiments were performed with both
intact or stripped skin. Finally, as PS is transported in the skin
viable tissues essentially during pulsing (12), it was not allowed
to diffuse after the electric treatments. Results were compared
with 21 min passive diffusion controls.

Tontophoresis (0.5 mA/cm?) was applied during 21 min
using a constant-current power supply. The total charge trans-
ferred (Qjomo) was 0.63 C. It was calculated according to the
equation Qjone = i-t, where i is the current applied and t is the
duration of the electric treatment.

The electroporation device (Easyject Plus®, Cell One,
Herstal, Belgium) delivers exponentially-decaying (ED)
capacitive discharge pulses, characterized by their initial volt-
age (Uegiearrodes) and their pulse time (7). T corresponds to the
time required for the voltage to drop to 37% of its initial
value. T was measured by the electroporation device. This
parameter depends on the resistance of the electric circuit (R,
composed of two resistances in parallel: the shunt resistance
(R,) of Easyject plus and the apparent resistance of the diffu-
sion chamber (Rq)) and the capacity of the electroporation
device (C), following the equation. T = R, X C. The pulsing
protocol used consisted in applying 5 pulses of 200 V, with
R, = 201 Q and C = 2.85 mF, resulting in pulses of 1 =
494 * 13 ms for intact skin, and T = 457 *+ 14 ms for stripped
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skin. Pulses were separated by 1 min. The pulses series are
expressed as follows: 5 X (200 V — 494 ms) for intact skin
and 5 X (200 V — 457 ms) for stripped skin. These pulses
deliver PS at a therapeutic level (>>1 wm) in the viable skin
(11). Before electroporation, PS was allowed to diffuse pas-
sively in the skin during 17 min. Thereby, the total duration
of contact between the PS solution and the skin was 21 min, as
when iontophoresis was applied. The total charge transferred
during pulsing (0.55 C and 0.51 C, for intact and stripped
skin, respectively) was calculated according to Regnier et
al. (11).

Quantification of the ON in the Stratum Corneum and
in the Skin Layers

After topical delivery of PS, the skin was recovered from
the diffusion chamber and was gently wiped clean. If unstripped,
skin was pinned flat and was tape-stripped 10 times (Scotch
Cristal, Cergy Pontoise, France) to remove the stratum corneum,
and the area exposed to the donor solution was excised. The
strips (when PS was delivered to intact skin) and the remaining
skin tissues (which we called the viable skin, corresponding to
the viable epidermis and dermis) were then lyophilized to
remove the tritium label which might have exchanged with
water. The dry samples were digested with NaOH, and counted
for radioactivity (Beta Counter, Wallac 1410, LKB, Pharmacia).
ON quantities, expressed as mean * standard error of the mean
(n = 3 to 8), were calculated from the total H radioactivity
in the stratum corneum or the viable skin and were compared
by two way analysis of variance (Anova, p < 0.05). PS concen-
tration in the skin viable tissues was calculated according to
Regnier et al.(11).

PS Localization in the Skin

Immediately after topical delivery of the FITC-labelled
PS by electroporation, iontophoresis or passive diffusion (see
above), the skin samples were removed from the diffusion
chamber, and gently wiped clean.

Standard Fluorescence Microscopy

To determine the permeation of the macromolecules into
the skin tissues, the skin samples were snap frozen in isopentane
cooled by liquid nitrogen and kept at —80°C before sectioning.
Cryostat sections, 20 wm thick, were performed perpendicular
to the skin surface. Sections were mounted without fixation
with glycerol:water (9:1) with 0.002% 33258 Hoechst (W/V)
for cell staining. Hoechst 33258 is a cell permeant, minor
groove-binding DNA stain that fluoresces bright blue upon
binding to DNA. The cross sections were viewed and photo-
graphed with a Leitz Orthoplan microscope equipped with
Orthomat for microphotography. Sections were photographed
using two different filters (A.,, = 450490 nm or 340-380
nm), to visualize FITC-PS or Hoechst 33258, respectively. All
photographs were taken with 10X or 25X objectives and expo-
sure time of 30-90 sec.

To view the transport regions (LTR) which were reported
to be localized (11,13,23), the samples of skin were immediately
placed on slides, with epidermis upwards. They were covered
with coverslip glasses, and placed under the microscope. The
LTRs were counted by screening the total skin surface (1 cm?).
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Three to five samples were counted and the mean number of
LTRs was calculated. Skin was viewed and photographed under
light of Aoy = 450490 nm to visualize FITC-PS, with a 40X
lens and exposure time of 30-60 sec.

Laser Scanning Confocal Microscopy (LSCM)

LSCM was chosen to localize the ON in the epidermal cells
as this technique allows localization of fluorescent molecules
without shrinkage or distortion of the living tissue (24). The
skin samples were directly placed in a sample holder (epidermis
upwards) covered with coverslip glasses, and placed into the
LSCM system. The confocal microscope system used was a
BioRad MRC 1024 confocal unit equipped with an argon-
krypton laser (excitation lines at 488 and 568 nm) and mounted
on a Zeiss Axiovert 135M inverted microscope. The FITC-PS
was detected using a BioRad filterblock, which selects the 488
nm laser line to illuminate the specimen, and transmits emitted
light with a wave length in the range 522-535 nm. Images
were obtained using a Zeiss Plan-Neofluar 40X oil immersion
objective. Optical sectioning was performed parallel to the skin
surface (xy planar optical section), at different focal planes (z
= —2.5 to —55 um), the z axis being perpendicular to the
plane of the skin surface. The skin surface (z = 0) is defined
(by the user) as the imaging plane of brightest fluorescence
with a morphology characteristic of the stratum corneum surface
(intact skin) or viable epidermis (stripped skin). All images
were the average of 3—7 scans per image, and were obtained
with the same optical aperture, filterblock, lens, black level and
scan speed. Different laser intensities were used as function of
the emission intensity.

To investigate the autofluorescence properties of the skin,
samples were investigated with the confocal microscope in the
absence of FITC-PS. The autofluorescence of rat skin was found
to be very low with the confocal settings used in this study.
To check whether the subcellular fluorescence observed after
pulsing originated from FITC or FITC-PS, we delivered free
FITC (3.3 uM in the same Hepes buffer) to stripped skin as
a control.

RESULTS

PS was delivered in vitro to intact or stripped hairless rat
skin by application of high-voltage electric pulses (5 X (200
V ~470 ms) or iontophoresis (0.5 mA/cm? during 21 min).
Passive diffusions of 21 min were performed as controls.

Quantification of PS in the Skin

The amount of ON was measured both in the stratum
corneum and the viable skin (see material and methods for
details), the latter being potential target for antisense therapy.

Compared with the passive diffusion control, electropora-
tion increased the topical delivery of the macromolecule by
more than one order of magnitude. Electroporation was less
efficient than iontophoresis to deliver PS in the viable tissues
of intact skin, for approximately the same total charge trans-
ferred (Fig. 1A). The concentration of PS within the viable
tissues was 0.4 uM after pulsing and 1.8 M after iontophoresis.
The quantities of PS retained in the stratum corneum after each
of the electric treatments were not different (p < 0.05) (Fig.
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1B). Both electric protocols delivered PS to the same extend
to stripped skin (Fig. 2), allowing tissue concentrations of ON
above 3 pM. After passive diffusion (21 min), the amount of
PS found in the viable skin was one third of the quantities
transported by iontophoresis or electroporation.

PS Localization in the Skin

The following experiments investigated the localization
of FITC-PS, at the tissular level and cellular level, after delivery
by electroporation or iontophoresis, keeping in mind that ON
cellular uptake is required for an antisense effect. The localiza-
tion of the oligomer in the skin tissues was performed with a
FITC-labelled derivative of PS. Standard fluorescence micros-
copy was used to evaluate the permeation of PS within the
skin at the tissue level and laser scanning confocal microscopy
(LSCM) was used to ascertain PS distribution in the skin at
the cellular level.

Localized Transport Regions (LTRs) of FITC-PS

The transport of FITC-PS in intact or stripped skin due
to both pulsing or iontophoresis was found to be localized and
often included an appendage for iontophoresis. For both intact
or stripped skin, the LTRs (Localized Transport Regions) due
to electroporation were of similar size, but approximately S-
fold more numerous than the LTRs due to iontophoresis (Table
1). After delivery of FITC-PS to intact skin by pulsing, however,
the homogeneous staining of the skin surface with the fluoro-
phore masked the LTRs, and we had to strip the skin before
counting. The passive diffusion control showed, for intact skin,
a very light fluorescence associated with dead corneocytes of
the skin surface, and for stripped skin, a light fluorescence of
the entire skin surface (data not shown).

Distribution of PS Within the Skin

To evaluate the depth of permeation of PS in the LTRs,
the skin samples were snap frozen immediately after PS delivery
and were cross sectioned. The slices were mounted with 33258
Hoechst for skin counterstaining and viewed at two wavelengths
by standard fluorescence microscopy.

When the fluorescent macromolecule was delivered to
intact skin by electroporation or by iontophoresis, it locally
penetrated the entire thickness of the epidermis (Fig. 3). How-
ever, whereas FITC-PS was not transported deeper by electro-
poration (Fig. 3A), iontophoresis allowed it to reach the
superficial layers of the dermis close to the hair follicles (Fig.
3B). The bright fluorescence of the stratum corneum after both
electric protocols indicated an accumulation of PS in this layer
(12). By passive diffusion, FITC-PS did not go beyond the
stratum corneum (Fig. 3C).

After delivery of FITC-PS to stripped skin by electropora-
tion or iontophoresis, the epidermis showed a fluorescence
pattern similar to that observed with intact skin (Fig. 4). How-
ever, fluorescence was also recovered in the superficial layers
of the dermis, where locally it penetrated deep (>200 um)
after both electric treatments. This local permeation of the
fluorescence in the dermis was mainly associated with hair
follicles for iontophoresis. The passive permeation of FITC-
PS across stripped skin was restricted to the outermost layer
of keratinocytes.



Localization of a FITC-Labeled Phosphorothioate Oligodeoxynucleotide

A
250 1

pmol/cm2

200 4

150 4

100 4

50 4

Passive diffusion

electroporation

iontophoresis

150

pmol/cm2

100 <

SOJ

|
Passive diffusion

7 /A_'

1
electroporation iontophoresis

400 -

pmol/cm2

300

200 4

100
T

SENN

T
Passive diffusion

-
-

N

T T
electroporation iontophoresis

Fig. 1. Topical delivery of PS to intact skin: mean quantities of PS
(pmol/cm?) recovered in the skin viable tissues (A) or the stratum
corneum (B) after 21 min passive diffusion, pulsing (5 X (200 V
— 494 ms); Q = 0,55C), preceeded by 17 min passive diffusion
(electroporation) or iontophoresis (0.5 mA/cm?~-21 min; Q = 0,63C).
(C) Topical delivery of PS to 10 times stripped skin: mean quantities
of PS (pmol/cm?) recovered in the viable skin after 21 min passive
diffusion, pulsing (5 X (200 V — 457 ms); Q = 0,51C), preceeded
by 17 min passive diffusion (electroporation) or iontophoresis (0.5
mA/cm?~-21 min; Q = 0,63C). The total charge transferred (Q) is
given for each electric protocol. Donor composition: ON 3.51 pM,
EDTA 1 mM in 0.04 M Hepes buffer, pH 7, with sucrose 8% for
isotony. n = 3-7.

Fine Localization of FITC-PS in the Epidermis by LSCM

LSCM was used to evaluate the distribution of FITC-PS
at the cellular level in the viable epidermis, within the LTRs.
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Immediately after electroporation of intact skin, FITC-PS
was found between z = —15 and ~55 wm (i.e., in the viable
epidermis) in the nuclei of the keratinocytes (Fig. 4A), some-
times near brightly fluorescent hair follicles. In contrast, after
iontophoresis, the fluorescent ON was never found within the
keratinocytes. Paracellular pathways (Fig. 4B) were often asso-
ciated with transfollicular pathways, FITC-PS being often
detectable in the hair follicles below z = 80 pm. However,
endocytosis of the FITC-PS but no nuclear localization was
observed hours after iontophoresis (data not shown). By passive
permeation, no fluorescence was found below z = —5 pwm, the
FITC-PS permeating only some corneocytes of the skin surface
(data not shown).

Similar results were found when FITC-PS was delivered
to stripped skin by either pulsing (Fig. 4C) or by iontophoresis
(Fig. 4D). A nuclear staining of the keratinocytes in the LTRs
was observed after electroporation. After passive permeation,
the ON was rarely found below the first cell layer (data not
shown).

As a control, FITC was also delivered by high-voltage
pulsing, to ensure that the nuclear localization of the fluores-
cence was not due to free fluorescent label. Results showed
that the fluorescence pattern due to free FITC or to FITC-PS
was different: the fluorescence, due to free FITC was diffuse
inside the keratinocytes without nuclear accumulation. Besides,
the edges of the corneocytes were well marked (data not shown).

DISCUSSION

This report presents evidence for a fast ON uptake by the
keratinocytes of freshly excised rat skin after electroporation.
LSCM showed that FITC-PS accumulates in the nucleus of the
viable keratinocytes a few minutes after pulsing. In contrast,
iontophoresis, which delivers equivalent or higher amount of
FITC-PS in the viable epidermis, did not lead to an uptake
of the oligomer. Therefore, the internalization of FITC-PS
after electroporation is very likely due to keratinocyte
electropermeabilization.

Once introduced in the keratinocytes by electroporation,
FITC-PS accumulated in the nucleus. This subcellular localiza-
tion of an ON into keratinocytes is in agreement with other
studies. Indeed, Chin et al. (25) reported the rapid i.e. within
a few minutes, nuclear accumulation of ON, including phospho-
rothioates, after in vitro microinjection in keratinocytes. In con-
trast, hours of incubation of phosphorothioate ON (26) or
phosphodiester ON (27) with keratinocytes in culture were
needed to observe such nuclear accumulation. Besides, the
introduction of phosphorothioate ON within other cell types
(17) by electroporation led to a similar cellular trafficking of
the oligomers.

The most important advantage of topical delivery of anti-
sens ON by skin electroporation is the rapid cellular and nuclear
uptake of antisense compounds by the keratinocytes. Conse-
quently, skin electroporation: i) reduces ON exposure to the
nucleases present in both extracellular fluids and endocytic
compartments before hybridization of the ON with the target
nucleic acid, ii) shortens the time of onset of the antisense
effect, and iii) lowers the threshold ON concentration necessary
to achieve such an effect. Bergan et al. (17) demonstrated that
electroporation” of cells in culture increases significantly the
intracellular ON concentrations, while the expression of the
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Fig. 2. Cross sections of intact skin showing the distribution of FITC-PS in the tissue after electroporation (5 X (200 V — 494 ms)) (A.1),
iontophoresis (0.5 mA/cm? — 21 min) (B.1) or passive diffusion (21 min) (C.1). The sections were counterstained with 33258 Hoechst (A.2,
B.2 and C.2, respectively). Hoechst 33258 fluoresces bright blue upon binding to DNA. Scale bar: 50 pm.

target gene was suppressed almost instantaneously, at much
lower concentrations.

LSCM and standard fluorescence microscopy confirm that
the molecular transport upon iontophoresis or medium voltage—
long pulses is localized and often implies hair follicles for
iontophoresis (10,23,24,28). Besides hair follicles, the pathways
for FITC-PS transport were more paracellular during ionto-
phoresis, as previously described for other molecules (24,28),
and transcellular during electroporation (10,13,23). The random
distribution and the size of the LTRs due to the two methods
of delivery is equivalent, but the LTRs due to iontophoresis
are less numerous. The LTRs observed on stripped skin are

Table 1. Size and Number of Localized Transport Regions (LTRs)
Following Electroporation or lontophoresis

Size®
Number® (Diameter in mm)
. Electroporation® 103¢ 0,2
Intact skin * Tontophoresis? 21 0.4
. . Electroporation® 162 03
b ,
Stripped skin Tontophoresis? 29 0,4

¢ Determined by standard fluorescence microscopy in perpendicular
geometry.

b Skin was stripped 10 times before the electric treatment.

¢ 17 min passive diffusion followed by 5 X (200 V ~ 470 ms).

4 0.5 mA/cm?® during 21 min.

¢ Counted after one stripping.

Regnier and Préat

slightly more numerous than on intact skin. Within the LTRs,
PS is found in the entire thickness of the epidermis, but ionto-
phoresis allows the oligomer to permeate deeper intact skin,
the first layers of the dermis being reached. This is probably
linked to the deeper permeation of FITC-PS in the hair follicles
by iontophoresis. When stripped skin was used, both methods
allowed the ON to go beyond the epidermis.

From a quantitative point of view, both iontophoresis and
electroporation enhance significantly the delivery of PS in the
skin. However, the comparison of the quantities of ON delivered
makes sense only if the localization of the molecule at the
cellular level is equivalent. We hypothetized that electroporation
could be more efficient than iontophoresis to deliver ON in the
viable epidermis because it has been reported that electropora-
tion permeabilize both the stratum corneum and the epidermal
cells. The localization of the ON after electroporation and ionto-
phoresis confirms this hypothesis. Given the rapid internaliza-
tion of PS in the keratinocytes, electroporation should thus be
preferred to iontophoresis, even if iontophoresis is as or more
efficient to deliver ON. Usually, with the same number of
charges transported as basis of comparison, electroporation is
more efficient than iontophoresis for transdermal delivery (29).

CONCLUSIONS

We showed that electroporation allows 1) rapid delivery
of ON in the epidermis, ii) delivery at a therapeutic level, and iii)
fast ON uptake by the keratinocytes. Moreover, the quantities
delivered can be controlled by the electric parameters of the
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Fig. 3. Cross sections of stripped skin showing the distribution

of FITC-PS in the tissue after electroporation (5 X (200 V — 457 ms)) (A.1),
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iontophoresis (0.5 mA/cm? — 21 min) (B.1) or passive diffusion (21 min) (C.1). The sections were counterstained with 33258 Hoechst (A.2,
B.2 and C.2, respectively). 33258 Hoechst fluoresces bright blue upon binding to DNA. Scale bar: 50 wm.

pulses (i.e. the pulse voltage, pulse time and number of pulses),
or the ON concentration in the donor compartment (11). The
hypothesis that electroporation enhances both stratum corneum
and keratinocyte permeability was confirmed. Hence, all the
epidermal diseases that are confined to the epidermis or to the
first layers of the dermis if the skin barrier is damaged, and
for which the repression of the expression of a single protein
may lead or contribute to the cure, are potential candidates to
therapy by antisense ON delivered topically by electroporation.
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