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Technology and Emory University, 
are exploiting the ex vivo skin model 
to study early markers of immune 
response in skin following micronee-
dle-based delivery of vaccines and 
DNA vaccines. Regarding safety, a 
study of 12 subjects receiving single-
blinded insertions of a 25-G hypoder-
mic needle and microneedle arrays of 
either 180µm or 280µm needle height 
revealed that microneedle application 
caused significantly less pain and dis-
comforting sensation than the hypo-
dermic needle.  Skin damage was 
minimal with evidence of microchan-
nel repair and resealing apparent at 8-
24 hrs post-application. 
 
Paul Campbell, PhD 
University of Dundee 
Sonoporation & Sonophoresis: 
Transdermal Delivery mediated by 
Ultrasound 
 
This presentation will consist of a 
critical overview of the field of ultra-
sound mediated transdermal delivery. 
After initially outlining the state of 
the art and reviewing the salient 
achievements of sonoporation/
sonophoresis to date, Dr Campbell 
will look towards the future of the 
technology and outline what may be 
possible with improved engineering 
designs and an enhanced level of 
mechanistic understanding. 
     This latter area has been the focus 
of his own research, specifically 
the interaction of ultrasound with mi-
crobubbles. Here, there are several 
important strategic options as the mi-
crobubbles can be targeted to the site 
of interest by choice of an appropriate 
ligand, and also transport the required 
vector within the bubble shell. The 
interaction of ultrasound with micro-
bubbles can give rise to energetic tar-
geted convection of the bubble and its 
contents into nearby cells/tissues. The 
talk will finish with a suggestion as to 
how this underlying penetrative event 
[microjetting] can best be coupled 

with parallel macroscopic strategies 
for transdermal delivery using mi-
c r oneedl es ,  a  s t r a t egy  t ha t 
is presently under development at 
Dundee.  
 
Marianna Foldvari, PhD 
Canada Research Chair in Bio-
nanotechnology and Nanomedicine; 
Professor of Pharmaceutical Sci-
ences, School of Pharmacy, Univer-
sity of Waterloo, Canada 
 
The availability of effective delivery 
systems for dermal and transdermal 
administration of larger drug mole-
cules is becoming increasingly impor-
tant for two reasons: i) the treatment 
approaches for many dermatological 
disorders include gene therapy, and ii) 
transfected keratinocytes in the epi-
dermis could be utilized as ‘bio-
reactors’ for the production of thera-
peutic proteins for both local and sys-
temic effect. The development of nee-
dle-free methods for delivery of DNA 
through intact skin will greatly facili-
tate the administration of various nu-
cleic acids such as plasmids, oligonu-
cleotides, RNA  and will also increase 
safety and compliance. 

Generally, physical and chemical 
strategies have been used to improve 
dermal and transdermal delivery. 
Physical methods utilize i) biolistic 
devices that ‘shoot’ liquid or powder 
particles by pressure into the skin (eg. 
gene gun, bioject, powderject); ii) 
microneedles; iii) ultrasound; and iv) 
electrically driven techniques eg. ion-
tophoresis, electroporation. Chemical 
methods involve i) the use of a wide 
selection of permeation enhancer 
compounds; ii) pharmaceutical for-
mulations that improve diffusion re-
lated parameters; and iii) designing 
novel micro- and nanoparticles that 
restructure the skin permeation path-
ways to facilitate delivery. 

This presentation will focus on 
some recent design of topical nucleic 
acid delivery systems, their potential 

and limitations. In particular, the de-
sign and development of biphasic 
vesicles and gemini nanoparticles as 
DNA delivery system, respectively, 
will be presented. 

The structure and properties of 
biphasic vesicles and examples for 
delivering DNA will be described. 
Delivery of macromolecules from 
biphasic vesicles can be explained by 
a novel mechanism of interaction with 
the stratum corneum. The achievable 
delivery efficiency and comparative 
results with other delivery approaches 
will also be discussed. 

In the second example, the develop-
ment and application of dicationic 
(gemini) surfactant-based nanoparti-
cles as DNA delivery systems for cu-
taneous gene therapy will be pre-
sented. Gemini nanoparticles as non-
viral carriers have the advantage of 
having, generally, low toxicity/
immunogenicity, as well as having no 
limitation with regard to the size of 
DNA that can be delivered. Charac-
terization of the structural and phys-
icochemical properties of these dica-
tionic lipid-based DNA complexes by 
small-angle x-ray scattering (SAXS), 
zeta potential and particle size analy-
sis indicate correlation between poly-
morphic flexibility of the nanoparti-
cles and cellular transfection effi-
ciency. 

The successful development of 
these non-invasive delivery technolo-
gies is especially important in derma-
tology, where, in addition to being 
painful, injections would further ag-
gravate the condition, for example 
pachyonychia congenita and localized 
cutaneous scleroderma. Topical gene 
delivery will mean no needles, no 
pain and better localized targeting to 
larger surface areas of the skin. 
 
Richard Heller, PhD; Professor and 
Director, Frank Reidy Research 
Center for Bioelectrics, Old Domin-
ion University  
Plasmid DNA Delivery with Elec-
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troporation: Results from Pre-
clinical and Clinical Studies 
Richard Heller, Adil Daud and Mark Jaroszeski.  
 
     A critical aspect of gene transfer is 
effective delivery of the transgene to 
the appropriate target.  The easy ac-
cessibility of skin makes it an excel-
lent target for gene transfer protocols.  
Cutaneous diseases can be treated 
directly.  In addition, the skin is a 
suitable target for delivering proteins 
directly to the circulation for systemic 
therapy.  To be able to fully take ad-
vantage of skin as a target for gene 
transfer, it is important to establish an 
efficient and reproducible delivery 
system. 
     Electroporation as a tool for the 
delivery of plasmid DNA is a strong 
candidate to meet these delivery crite-
ria.  Sets of electroporation parame-
ters, which includes electric field 
strength, pulse duration, number of 
pulses, electrode geometry and con-
figuration, can be chosen to deliver 
plasmid DNA in such a way as to ma-
nipulate the onset, level, and duration 
of protein expression.  This approach 
has been evaluated in several animal 
models with varying skin thickness 
and delivery of plasmid DNA with 
electroporation resulted in signifi-
cantly increased expression levels.  
This approach is currently being 
evaluated for its potential for inducing 
angiogenesis for wound healing and 
for delivering DNA vaccines to the 
skin. 
       Preliminary experiments utilizing 
a plasmid encoding for vascular endo-
thelial growth factor has demonstrated 
how wound healing could be acceler-
ated.  In another study, delivery of a 
plasmid encoding Hepatitis B surface 
antigen have demonstrated that high 
antibody titers can be induced after 
two applications (prime/boost). Re-
sults obtained further demonstrate that 
electroporation can be used to aug-
ment the efficiency of direct injection 
of plasmid DNA to skin in larger ani-

mals and may have utility in several 
applications including wound healing 
and delivery of DNA vaccines.  How-
ever, the true evaluation of this deliv-
ery approach as a means for deliver-
ing plasmid DNA for therapeutic or 
prophylactic purposes will be based 
on results from clinical studies.  
      Cancer was the target disease for 
the first clinical studies utilizing elec-
troporation for DNA delivery.  The 
first trial conducted evaluated deliver-
ing a plasmid encoding IL-12 to cuta-
neous or subcutaneous melanoma tu-
mors.  24 patients were enrolled and 
treated in this trial. No significant tox-
icity was noted. Patients expressed 
significant but transient pain during 
the administration of electric pulses.  
Biopsies were performed following 
treatment and the majority of treated 
lesions showed significant necrosis of 
melanoma cells within the tumor.  
Significant lymphocytic infiltrate was 
seen in biopsies from patients in sev-
eral cohorts and IL-12 expression was 
documented in biopsied tumor sam-
ples. In addition, there was clinical 
evidence of responses in untreated 
lesions suggesting that there was also 
a systemic response following ther-
apy. This first-in-human phase I study 
demonstrated the feasibility and effi-
cacy of in vivo electrogene delivery in 
humans.   
 
Roger Kaspar, PhD 
CEO, TransDerm Inc. 
Developing topical formulations for 
siRNA skin delivery 
 
The “holy grail” for siRNA skin de-
livery is to topically deliver active 
agent using pain-free formulations 
that can be simply applied to the skin 
as frequently as needed to yield the 
desired result.  Such formulations 
must be safe and have the ability to 1) 
penetrate the formidable stratum 
corneum barrier and 2) allow delivery 
across the cellular membrane in a way 
in which the siRNA can be incorpo-

rated into the RISC apparatus.  We 
are testing the feasibility of Gene-
CreamTM, an alcohol/lipid cream for-
mulation, to penetrate the stratum 
corneum and deliver siRNAs to the 
epidermis.  A recently completed rab-
bit toxicology study using TD101 
siRNA formulated in GeneCreamTM 
revealed no safety concerns.  Intravi-
tal imaging of dye-labelled siRNA 
showed ample but uneven penetration 
in mouse skin, often through to the 
dermal compartment.  Furthermore, 
an IRB-approved study at Stanford 
University showed that GeneCreamTM 
containing indocyanin green (aka Car-
diogreen, which is approved for car-
diac imaging) penetrated diseased 
pachyonychia congenita skin or cal-
lused skin of a normal volunteer much 
more readily than unaffected “thin” 
calf or forearm skin as measured by 
non-invasive intravital imaging.  
These results bode well for cream-
mediated delivery of siRNA cargo to 
diseased hyperkeratotic skin. The 
ability of the GeneCreamTM-delivered 
siRNA present in the epidermis to be 
taken up by keratinocytes and other 
skin cells and silence targeted gene 
expression is under current investiga-
tion.  
 
Thomas Schulze, PhD 
CEO, Avontec Gmb 
HAVT-01 decoy Oligodeoxynucleo-
tide (ODN) is a double-stranded 
ODN targeting the transcription 
factors STAT-1 and STAT-3  
 
AVT-01 decoy ODN was formulated 
into the ointment base unguentum 
emulsificans to obtain the investiga-
tional medicinal product AVT-02UE 
under development for the treatment 
of inflammatory skin diseases.  
     A four week Phase IIa study in 
patients with mild to moderate psoria-
sis vulgaris using twice daily treat-
ment with a 2% ointment formulation 
of AVT-02UE could demonstrate  a 
very specific Th-17 pathway inhibitor 
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signature in biopsies taken from 28 
patients after 4 week of treatment 
compared to baseline.  
     A statistically significant differ-
ence between the treatments with 
AVT-02UE or placebo treatment 
(ointment base) was demonstrated 
when the response for the combined 
effect on histology (epidermal thick-
ness) and a marker specific of kerati-
nocyte proliferation was considered. 
Consistent with the Th17 pathway 
inhibition a meaningful clinical drug 
effect was demonstrated in a sub-
group of patients.  
     However, no statistically signifi-
cant difference between the treat-
ments could be demonstrated due to 
an unexpectedly high placebo re-
sponse. Less pronounced clinical re-
sponses were possibly explained by 
the short treatment period of only 4 
weeks. 
     A second 4 week Phase IIa study 
using every other day application of 
2% UE ointment in mild to moderate 
patients and a 4 week Phase IIa study 
in atopic dermatitis patients with 
twice daily treatment is close to com-
pletion. Next AVONTEC`s drug can-
didate AVT-01 decoy ODN will be 
used to maximize its clinical effect in 
a three months trial with an improved-
formulation. 
 
Daniel B. Yarosh, PhD  Senior Vice 
President, Basic Science Research, 
Estee Lauder Companies, Inc.,  
Melville New York 
Topical Delivery of Proteins by  
Liposomes 
 
Liposomes are vesicles formed from 
phospholipids bilayers that can de-
liver encapsulated macromolecules 
into cells of the skin.  We have ex-
plored their use in delivery of pro-
teins, in particular DNA repair en-
zymes.  The liposomes are 150-200 
nm in diameter, composed of phos-
phatidylcholine and phosphatidyletha-
nolamine, cholesterol hemisuccinate 

and oleic acid.  They are negatively 
charged at neutral pH, which facili-
tates their uptake.  Liposomes pene-
trate into skin through any of three 
entry routes: pores, hair follicles, or 
passages through stratum corneum, 
driven by a water gradient.  They ab-
sorb to the surface of keratinocytes 
and form caps, likely by binding to 
LDL receptors.  They are taken into 
low pH endosomes, where the acid 
environment destabilizes the liposome 
and releases the components into the 
cytoplasm of the cell. Our working 
model of how liposomes deliver pro-
tein may be adapted to the delivery of 
nucleic acids.           
 
IPCC MEMBERS HEAD STUDIES 
ON PACHYONYCHIA CONGENITA 
In addition to a major effort for pro-
gress in delivery technologies, we 
have several publications and studies 
underway in 2009:  
 
C. David Hansen, MD (University of 

Utah) is leading our effort to pub-
lish in 2009 the data from more 
than 300 patients in our IPCRR 
registry. The IPCRR information 
supports several new facts about 
PC and discredits some misleading 
statements some existing articles. 

 
Sancy Leachman, MD, PhD 

(University of Utah) is working 
with KaLynne Harris, MD to 
prepare detailed case studies for a 
group of PC patients who have 
experienced a spread of their PC 
plantar calluses on the soles to the 
sides and tops of their feet. 

 
Edel O’Toole, MB, PhD, FRCPI, 

FRCP (Barts & the London, 
Queen Mary's School of Medicine 
and Dentistry) is guiding two stud-
ies. The first with Vallari Majmu-
dar, MD, uses photographic im-
ages to compare callusing patterns 
by genotype. The second with Ass-
maa Beint-Ahmad, MD will ex-

plore the unexplained short bursts 
of intense pain experienced by 
many PC children in both ears but 
without any detectable ear or ear 
canal involvement and consider 
possible salivary involvement. 

 
Amy Paller, MD and Brandi 

Kenner-Bell, MD (Children’s 
Hospital, Chicago) have received 
IRB approval for a natural history 
study of PC patients. 

 
Matthias Schmuth, MD and Robert 

Gruber, MD (Innsbruck Medical 
University, Austria) have reviewed 
data on the use of oral retinoids by 
those with PC. A supplemental 
questionnaire has received IRB-
approval and additional data is be-
ing collected to determine whether 
there is any pattern of retinoid 
therapy that may provide a treat-
ment benefit. 

 
The Genetic Testing monthly confer-

ence calls led by Frances Smith, 
with physicians David Hansen, 
Peter Hull and Sancy Leachman 
continue. The team assesses the 
clinical features and aids in direct-
ing genetic test ing targets. 
Through these calls, several non-
PC test results have been found for 
patients referred as having PC and 
57 distinct PC mutations have now 
been confirmed in 318 patients. 

 
A rabbit-tox study for siRNA 

TD101 and TD101 GeneCreamTM 
is nearly complete at MPI Re-
search in Michigan. 

 
If you’d like to work with us on any of 
these projects, please contact us im-
mediately. Also, we have other oppor-
tunities and welcome your participa-
tion in every way. For example, we 
need authors for — 
• An educational outreach program 

for PC 
• A Physicians Guide for PC Care 
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