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Letter to the Editor

Local hyperthermia could induce migrational maturation of
Langerhans cells in condyloma acuminatum

Local hyperthermia at the fever range was able to promote the
migration and activation of Langerhans cells (LCs) in mice [1,2].
Local hyperthermia was shown to be clinically effective in the
treatment of human papillomavirus (HPV) infected skin [3]. Cell-
mediated immunity was responsible for the eradication of HPV
infected keratinocytes and regression of the warty lesions [4].
Here, we modified a skin organ culture protocol [2] on condyloma
acuminatum (CA), and investigated the effects of above fever range
local hyperthermia on the migration and maturation of epidermal
LCs, exploring the possible involvement of LCs in immune
responses against HPV infection.

Biopsy materials were obtained from CA patients in the
pudendum. Skin specimens from patients undergoing genital
plastic surgery were obtained as normal controls upon informed
consent. We designed and manufactured a local hyperthermia
generator with a far-infrared emitting source and an adjustable
output surface area. The heat generated by the device acted on the
skin surface without direct contact. The surface temperature of
skin could be controlled and stabilized at the desired degrees with
an accuracy of �0.1 8C. Approximately 1 cm � 1 cm of sterile CA and
normal skin specimens were cut into four equal portions. One piece
was snap frozen and stored and the remaining three pieces were
separately placed in culture dishes, with dermal side down in the
media (RPMI 1640), then were exposed to local heating at surface
temperatures of 37, 42 and 45 8C, respectively, for 30 min. At the end
of hyperthermia, the specimens were processed for immunohisto-
chemical staining. In another set of experiment, after local
hyperthermia at different temperatures, specimens were fully
submerged in culture media and incubated at 37 8C for 12 h with
5% CO2, then were taken and processed for immunohistochemical
staining. In addition, the émigrés in culture media were collected for
further study.

After local heating at 37 8C, the numbers ðx� sÞ of CD1a+

positive LCs in the epidermis of normal skin and CA were
782.4 � 114.9 mm�2 (n = 10) and 692.3 � 141.4 mm�2 (n = 10),
similar to the untreated fresh specimens (data not shown).
Immediately after local heating at 42 and 45 8C, the numbers of
LCs in normal skin were 649.4 � 119.4 and 510.9 � 118.6 mm�2,
respectively and those in CA were 535.7 � 161.5 and
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438.4 � 194.3 mm�2, respectively. Either in normal skin or CA, local
hyperthermia at 45 8C was significantly more effective in reducing the
numbers of LCs than that of 42 8C (p < 0.01). At each given
temperature, the numbers of LCs which remained in CA were less
than those in normal skin (p < 0.01). As shown in Fig. 1, the numbers
of CD1a+ LCs were further decreased in the epidermis of both normal
skin and CA, after local hyperthermia plus subsequent incubation at
37 8C for 12 h. At each given temperature, the numbers of LCs which
remained in CA were less than those in normal skin (p < 0.01).

Cells that migrated into the culture media were collected and
double stained with mouse anti-human FITC-labeled CD1a and PE-
labeled CD83 mAbs, a molecule that stably expressed on activated
DCs [5] (all mAbs were from BD PharMingen, USA), then were
analyzed with flow cytometry. As shown in Table 1, the
proportions of CD1a+/CD83+ LCs were significantly increased in
émigrés from both normal skin and CA at higher temperatures. At
each given temperature, there was more CD1a+/CD83+ LCs in
émigrés from CA than normal skin.

Increased expression of CCR7 and decreased expression of
CCR6 on LCs are required for their functional migration to
regional lymph nodes [6,7]. To explore the influence of
hyperthermia on CCR6 and CCR7 expression, we extracted total
RNA from MACS1 (Miltenyi Biotec) purified CD1a+ LCs by using
an RNA extraction kit (QIAGEN). The real-time quantitative
reverse transcription-polymerase chain reaction (qRT-PCR) was
performed using a Rotor Gene3000 Detector System (Corbett
Research, Australia). In CD1a+ LCs from émigrés of normal skin
(n = 5), the expressions of CCR6 mRNA were decreased by 30%
and 60% after being exposed to 42 and 45 8C, respectively, as
compared with that of 37 8C (p < 0.01). While in émigrés from CA
(n = 5), the expressions of CCR6 mRNA were reduced by 50%
(42 8C) and 90% (45 8C), respectively (p < 0.01). In contrast, in
CD1a+ LCs from émigrés of normal skin (n = 5), the expressions of
CCR7 mRNA were increased by 2- and 5-fold after being exposed
to 42 and 45 8C, respectively, as compared with that of 37 8C
(p < 0.05). While in émigrés from CA (n = 5), the expressions of
CCR7 mRNA were increased by 3-fold (42 8C) and 19-fold (45 8C),
respectively (p < 0.01).

Due to the limited numbers of CD1a+ LCs in the émigrés, we
were unable to quantify the expression of CCR6 and CCR7 proteins
on CD1a+ LCs.

Hyperthermia temperature at 43 8C is regarded as a breakpoint,
beyond which more severe cell apoptosis occurs [8]. Our previous
clinical trial showed that local hyperthermia temperatures at 42
and 45 8C were effective in treating the warts, the effective rates
tended to be better with the latter (Gao XH, unpublished
observation).

We observed that local hyperthermia at 42 and 45 8C, especially
the latter, promoted the migration and maturation of LCs in normal
human skin. However, these effects were more pronounced in CA, as
manifested by higher proportions of CD1a+/CD83+ LCs in the émigrés.
y Elsevier Ireland Ltd. All rights reserved.
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HPV-specific antigens.

Fig. 1. CD1a+ LC in CA (a) and normal skin (e). Representative figures of remaining CD1a+ LCs in CA (left column, n = 10) and normal skin (right column, n = 10) after local

hyperthermia with different temperatures plus incubation for 12 h; (b–d) local hyperthermia at 37 8C (692.3 � 141.4 mm�2), 42 8C (535.7 � 161.5 mm�2), and 45 8C
(438.4 � 194.3 mm�2), respectively; (f–h) local hyperthermia at 37 8C (782.4 � 114.9 mm�2), 42 8C (649.4 � 119.4 mm�2), and 45 8C (510.9 � 118.6 mm�2), respectively. Numbers

in parentheses were represented as x� s. The differences between numbers of the epidermal CD1a+ LCs in normal skin and CA at the same temperature were analyzed by

independent t-test (all p < 0.01). Magnification: 200�.
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Ostberg illustrated that fever range temperatures could increase the
numbers of DCs in the migrated population, and enhance the
migration-associated functional maturation of these DCs in mice [2].
We found that above fever range hyperthermia had similar effects.
Further, local hyperthermia at 42 and 45 8C could concomitantly
increase the expression of CCR7 and decrease the expression of
CCR6, which are prerequisite for LCs to reach regional lymph node
[9]. This scenario implied that there might be an increased influx of
LCs to draining lymph nodes upon local hyperthermia. Danno and
Sugie observed that near-IR could reduce the number of LCs in the
epidermis of the mice and, subsequently ameliorated the intensity of
allergic contact dermatitis [10]. There is a need to further test the
role of local hyperthermia on specific immune response against
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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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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
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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
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