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Abstract

The skin is rich in antigen-presenting cells and as such is an excellent target tissue for vaccination strategies.
Electroporation is a physical delivery method that potentiates the uptake of DNA vaccines into target cells.
Intradermal electroporation offers a minimally invasive solution to DNA delivery in the clinic. Here we
describe the direct transfection of dendritic cells in the epidermis, using a surface dermal electroporation device,
and specifically show a dendritic cell transfected with plasmid expressing green fluorescent protein. The
dendritic cell has used its motile capabilities after transfection to move from the epidermis into the dermis,
making its way to the lymphatic system.

The skin is an attractive tissue for vaccination in a
clinical setting because of the ease of monitoring, the

accessibility of the target, and most importantly the immune-
competent nature of dermal tissue. Although the main cell
type in the epidermis is the keratinocyte, it is rich in dendritic
cells including Langerhans cells, which account for 3–5% of

all nucleated cells in the epidermis. This is in contrast to other
tissues, such as muscle, that contain low numbers of profes-
sional antigen-presenting cells (Hohlfeld and Engel, 1994).

DNA vaccines may offer a solution to multiple pressing un-
met health care needs as an immunotherapy against cancers and
infectious diseases such as HIV/AIDS and hepatitis C (Sardesai
and Weiner, 2011). However, naked delivery of DNA is not

FIG. 1. Surface electroporation facilitates the direct transfection of dendritic cells in dermal tissue. Shown is a high-
powered ( · 63) confocal micrograph of a dendritic cell transfected with plasmid expressing GFP (green). The image is
taken from a sectioned biopsy of guinea pig skin that had been treated with reporter plasmid, electroporated with the SEP
device, and removed 6 hr posttreatment. The skin section was processed with Hoechst stain (blue) to identify nuclei. The
dendritic cell was captured in the dermal layer. IMARIS software was used postcapture to produce a three-dimensional
image of the transfected cell and the nuclei of surrounding cells.
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sufficient to harness the full potential of the technology in large
mammals or humans, with the paucity of in vivo transfection
efficiency being cited as a limiting factor to the generation of
robust immunogenicity (Weiner, 2008), and thus an enabling
delivery technology is required. Although skin electroporation
offers a novel methodology for the delivery of DNA vaccines
in the clinic, little is known about the actual mechanism of
the technique and the elucidation of the resulting immune
responses.

Using a surface dermal electroporation (SEP) device
(Broderick et al., 2011) that targets the epidermal layer of
skin, we have previously demonstrated the direct transfection
of keratinocytes by plasmid delivered intradermally (Men-
doza et al., 2013). In addition, we also identified in the
epidermis a dendritic cell population that was transfected
(Smith et al., 2014). Here we describe an image of such a
cell, previously identified by MsGp2 staining as a dendritic cell
(Smith et al., 2014), which has been transfected with a DNA
plasmid expressing the reporter gene encoding green fluo-
rescent protein (GFP), using SEP device technology (Fig. 1).
This image was captured 6 hr posttreatment, and at that time
point the cell was residing in the dermis. We infer that this
cell has migrated out of the epidermis and is now interacting
with nucleated nontransfected cells within the dermis. The
device design, specifically related to electrode spacing, and
the electrical parameters dictate that this cell could only have
been transfected in the epidermis and therefore must possess
motile properties allowing its transition into the dermal layer.
The ability to directly transfect dendritic cells in the skin may
have major implications for the nature, kinetics, and magni-
tude of the resulting immune response through this mode of
delivery. Importantly, we have demonstrated that such cells
can prime a host immune response (Smith et al., 2014).

Technically, the abdominal skin region of a female
Hartley guinea pig was injected intradermally, using the
Mantoux method, with 50 ll of plasmid (1 mg/ml) GFP
(gWIZ-GFP; Aldevron, Fargo, ND). Immediately after in-
jection EP was performed by applying the SEP electrode
array to the site. The animal was humanely killed 6 hr later
and the treatment site skin was excised, using an 8-mm
biopsy punch. Skin biopsies were embedded in O.C.T.
compound and sectioned at a thickness of 30 lm, using an
OTF cryostat (Bright Instrument Co., Cambridge, UK) and
Hoechst stained. Confocal images were obtained with a
Zeiss LSM 780 laser scanning confocal microscope (Carl
Zeiss, Jena, Germany) and processed with ZEN 2012 soft-
ware (Carl Zeiss) and IMARIS-3D software (Bitplane,
Zurich, Switzerland). Z stacks of images (obtained at 0.3-
lm intervals) were collected sequentially, using a · 63
objective, followed by maximum intensity projection to
create the single flattened stack presented in Fig. 1.
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