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Letter to the Editor

Silencing the androgen receptor: New skills for antiandrogen
oligonucleotide skin and hair therapy

Hair growth and follicular cycle are regulated predominantly
through androgens under complex genetic and hormonal control.
Human hair growth occurs in cycles of three phases, anagen
(continuous growth), catagen (cessation of growth) and telogen
(resting phase). In genetically susceptible subjects, hair follicles in
vertex and frontal regions of the scalp respond to androgens by
reducing length of the anagen phase and regression of the follicles

producing weaker and thinner hairs. More than 50% of men by the
age of 50 years and women over 60 years suffer from androgenetic
alopecia. The mesenchymal-derived dermal papilla cells (DPC)
exert a control on the hair growth cycle, express androgen
receptor, are responsive to androgen hormones and are impli-
cated in triggering baldness in humans. Today, androgens are
considered inhibiting hair follicle activity by early inducing
catagen. Although the pathogenic mechanisms underlying
androgenetic alopecia are not fully understood it is now accepted
that androgens (mainly testosterone and dihydrotestosterone)
inhibit hair follicle activity, probably by triggering the expression
or repression of some genes (not yet identified) involving
modification of DPC and epithelial cells relationship, thereby
leading to the induction of programmed cell death. Consequently,
the anagen length period shortens, favoring catagen and finally
miniaturizing the follicle and thinning the hair [1,2]. Moreover,
other skin disorders such as acne vulgaris, hirsutism and
seborrhea are dependent or sensitive to the androgens action
[3,4]. With this in view, the developing of new topical therapeutics

Table 1
LCs in émigrés from normal skin and CA ðx� sÞ.

Surface markers of LCs Temperature Normal skin (n = 5) CA (n = 5) p

CD1a+ (%) 37 8C 0.67 � 0.26 1.22 � 0.28 <0.05

42 8C 1.17 � 0.20 3.14 � 0.16 <0.01

45 8C 2.25 � 0.36 4.71 � 1.11 <0.01

p <0.01 <0.01

CD1a+/CD83+(%) 37 8C 0.59 � 0.08 0.68 � 0.25 0.471

42 8C 1.14 � 0.17 2.37 � 1.17 <0.05

45 8C 1.67 � 0.54 4.44 � 0.48 <0.01

p <0.01 <0.01

The significances of differences between the numbers of CD1a+ and CD1a+/CD83+

LCs in émigrés subjected to different temperatures were analyzed by repeated

measures analysis of variance (ANOVA) and, the significances of differences

between the numbers of CD1a+ and CD1a+/CD83+ LCs in émigrés from normal skin

and CA at the same temperatures were analyzed by independent t-test.
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aiming at down regulating or silencing the expression of the AR
seems the right choice as current therapeutic strategies are not
completely satisfactory in terms of clinical efficacy and potential
secondary effects [5].

In this sense, oligonucleotides deriving from human genome
knowledge and molecular genetics constitute a very appealing new
class of therapeutics as they act selectively at the level of gene
expression, allowing the design of more effective and less toxic
therapeutics.

There are two main kinds of therapeutic oligonucleotides,
antisense oligonucleotides and small interfering RNA (siRNA) that
clearly differ in mode of action, stability, mRNA interaction and
outcome in silencing gene. In a therapeutic point of view the use of
one or the other would depend on doses, persistence and toxicity
and the type of condition to be treated and the possibility of an
optimal delivery formulation.

We assessed the use of both molecules antisense and siRNA
oligonucleotides to achieve the downregulation of the AR gene
expression in diverse human cellular models to evaluate their
potential for skin and hair treatments.

The best way to be confident on an antiandrogen oligonucleo-
tide action is through measuring the reduction of both target AR
mRNA and AR protein levels. In accordance, our experiments
showed reductions of AR protein and function, indicating
antiandrogen activity. Actually, the stimulation of an androgen-
responsive gene by DHT was cut down in DPC by treatment with
different molecules of antisense antiandrogen oligonucleotides
(ASAO). An example of antiandrogen activity inhibition by the
18.1 ASAO in DPC is shown in Fig. 1a. Moreover, ASAO efficacy
varies depending on which accessibility region, as disclosed
previously [6] is matching the ASAO. In fact, we also demonstrate
that the unraveling of those access sites is essential to the efficacy
in the siRNA design targeting to the AR. It is noteworthy in these
results the pharmacological evidence that the potency of
inhibition of AR expression by siRNA correlates with the pattern
corresponding to the tested ASAO. Thus, siRNA 71 was mild
whereas siRNA 18.1 as well as siRNA 24 (Fig. 1b) were, in our
cellular models, potent inhibitors of the androgen-dependent
gene expression comparable to usual antiandrogens such as
flutamide. These results as a whole open new insights in
antiandrogen therapy.

Therapeutic oligonucleotide technology seems a good choice
for dermatology treatments because of the suitability of the
target organ. On the other hand, both active molecules are today
seen as promisingly therapeutic drugs in number of clinical
trials on several pathologies [7–10]. Antiandrogen therapeutic
oligonucleotides targeting the downregulation of the AR
expression is advantageous because both will be possible to
eliminate the only way for androgens to act and simultaneously
this strategy allows the medication to be topically admini-
strated. In fact, this could be very useful in a long-term
treatment of, for instance, androgenetic alopecia, being an
alternative way to systemic administration of 5 alpha reductase
inhibitors such as finasteride. Moreover it could be used as a
specific antiandrogenic contribution in the treatment of acne if
prescribed as a choice of topical administration instead of the
oral use of drugs such as the retinoid isotretinoin, or others.
From the therapeutic point of view the use of one or the other
antiandrogen oligonucleotide would depend on features such as
doses, persistence, toxicity, and also the possibility of an optimal
delivery formulation.

To be functional, therapeutic oligonucleotides must properly
enter the cell and remain relatively stable. Encapsulation in or
complexation with liposomes could be suitable carrier for cell
internalization as well as bonding oligonucleotides to lipophilic
compounds such as neutral or cationic lipids. However, different
formulations of liposomes could do different works, each delivery
formulation with liposomes should be tested for any given
oligonucleotide molecule because of the variability in cellular
uptake or oligonucleotide protection.

In our hands liposomes comprising the lipid phosphatidylcho-
line worked efficiently in delivering the strong ASAO ODN 18.1 into
dermal papilla cells in primary cultures as almost 100% transfec-
tion efficiency (Fig. 2a) and 100% AR function inhibition (Fig. 1a)
were achieved. Moreover, cutaneous administration allows reach-
ing almost exclusively the hair follicle structure upon one
application on the animal skin probably via the follicular
infundibulum (Fig. 2b).

The relatively low concentrations needed to the pharmacolo-
gical action, the efficacy of these antiandrogen therapeutic
oligonucleotides in modulating the AR expression and the high
level of cell transfection with adequate liposomes open the way to
new safer and more efficient therapies of dermatological andro-
gen-dependent disorders. The multiplicity of antiandrogen oligo-
nucleotide types enlarges the scope of formulations to be applied
satisfying the clinical needs.

Fig. 1. Effect of antiandrogen oligonucleotides on AR activity and expression. (a)

Androgen-responsive gene expression inhibition by the ASAO 18.1 in dermal

papilla cells. Dermal papilla cells were transfected by electroporation with pSVAR,

pCMVSportBgal and p(Pre)2TATALuc (20 mg each). 24 h later cells were

transfected with liposomes containing ASAO 18.1 or Scr AS and stimulated

with DHT 10 nM. Oligonucleotide transfection was repeated after 3 h. After 5 h

from the first oligonucleotide transfection luciferase activity was assessed and

normalized by beta galactosidase activity. Each condition was repeated five times.

Results are expressed as % inhibition. (b) Modulation of AR mRNA expression

in human skin fibroblasts and dermal papilla cell cultures. Agarose gel

electrophoresis of the RT-PCR fragments. Results are shown for skin fibroblasts

as they were identical for dermal papilla cells. Cells were transfected with 1 mM

siRNA by electroporation. RNA was extracted after 48 h, cDNA was synthesized

and AR mRNA was analyzed by semiquantitative RT-PCR. GAPDH was analyzed as

control.
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Fig. 2. Efficient vectorization of fluoresceinated ASAO 18.1 by specially designed liposomes. (a) Confocal laser scanning microscopy. Dermal papilla cells were transfected with

liposomes containing a fluoresceinated antisense oligonucleotide against AR (ASAO 18.1, 8 mM). Left panel shows an almost 100% transfection. A more detailed view is in right

panel. (b) Fluorescent microscopy. Intact pig skin was treated with liposomes containing the fluoresceinated antisense oligonucleotide ASAO 18.1. Left panel shows a control

untreated skin section; right panel shows a treated skin section where the hair follicle silhouette is easily visualized by fluorescence.
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