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Background: Melasma shows characteristic histological features of photoaged skin. 
Objective: We evaluated the effect of dermal rejuvenation using a temperature-controlled 
continuous non-invasive radiofrequency (RF) device on melasma.
Methods: Continuous skin heating at the temperature of 43°C for 20 minutes was performed 
in ten subjects with melasma who underwent 3 tri-weekly RF sessions. Pigmentation was 
evaluated with Mexameter® and investigator’s global assessment (IGA). Immunohistochemi-
cal staining and image analysis was performed to evaluate biopsies from melasma skin before 
and after the treatment. 
Results: The lesional melanin index was decreased by 13.7% at week 9. IGA score was im-
proved from 3.50 at baseline to 2.95 at week 9. No significant adverse event was reported. 
Histologic analysis revealed reduced melanin and increased collagen density and thickness. 
The expression of procollagen-1 and type IV collagen was increased after the treatment. The 
number of p16INK4A-positive senescent fibroblasts was reduced after the treatment, while the 
expression of heat shock protein 70 and 90 was increased. Stromal derived factor-1, a senes-
cence-associated anti-melanogenic factor secreted from the fibroblasts, was up-regulated after 
the treatment, while the level of c-kit was not changed. 
Conclusion: Thermal skin stimulation by the temperature-controlled continuous RF device 
improved melasma through dermal rejuvenation.
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INTRODUCTION

Melasma is an acquired pigmentary disorder, which is particu-
larly common in Asian women in their thirties and forties1. It 
appears as bilateral symmetrical light-to-dark brown-colored 
irregular macules on sun-exposed areas of the skin, especially 
on the face. Chronic ultraviolet (UV) exposure, genetic pre-
disposition, and sex hormones have been implicated in the 
pathogenesis of melasma2. However, recent evidence supports 
that melasma is not only a pigmentary disorder, but also a con-
sequence of photoaged skin3,4. Histologically, melasma is char-
acterized by solar elastosis, increased vascularization, higher 

number of mast cells, and disrupted basement membrane, 
which are characteristic findings of photoaged skin5. Therefore, 
recurrence of melasma is frequently observed despite success-
ful anti-melanogenic treatment6. 

The role of fibroblasts in pigmentation has been studied in 
several studies. Palmoplantar fibroblasts express a higher level 
of Dickkopf1 than trunk skin fibroblasts, which suppresses 
melanogenesis via the inhibition of the Wnt canonical path-
way7,8. Higher level of neuregulin-1 was expressed in dark skin 
fibroblasts than in those from lighter skin type, which activates 
the PI3K and MAPK signaling pathways in melanocytes9,10. 
Fibroblast-derived factors are not only involved in the physi-
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ologic pigmentation of the skin, but also in the pigmentary 
disorders, such as melasma7,8. Secreted Frizzle-related protein 2, 
which is highly expressed in melasma skin, functions as a mela-
nogenic stimulator by activating the Wnt pathway11. Similarly, a 
reduced level of Wnt inhibitory factor-1 in melasma stimulates 
melanogenesis12. Fibroblasts from melasma skin increased the 
melanogenesis in cultured human melanocytes and artificial 
skin through the upregulation of nerve growth factor-β13.

Recent studies highlighted the role of photoaged fibroblasts 
in the pathogenesis of melasma14. Chronic UV exposure causes 
senescence of the fibroblasts, especially in the upper dermis. 
Senescent fibroblasts secrete senescence-associated secreted 
proteins (SASPs), which promotes melanogenesis in melano-
cytes15-17. Therefore, anti-ageing approaches for the rejuvena-
tion of the dermal environment by eliminating or rejuvenating 
senescent fibroblasts have been introduced to treat melasma. 
Better therapeutic results were obtained with combination ther-
apy of microneedle radiofrequency (RF) and low-fluence Q-
switched Nd:YAG laser than with the low-fluence Q-switched 
Nd:YAG laser alone in the treatment of melasma18,19.

In this study, we evaluated the efficacy and safety of tem-
perature-controlled continuous non-invasive RF in treating 
melasma. We investigated whether the RF treatment was able 
to reverse the photoaged characteristics observed in melasma 
histology. Moreover, we examined the expression of heat shock 
proteins (HSPs) and the secretion of SASPs to demonstrate the 
effect of the RF treatment and reduced pigmentation.

MATERIALS AND METHODS

Subjects
A total of 10 female volunteers with melasma were enrolled in 
this study. All subjects had Fitzpatrick skin types III and IV. 
The mean age was 49.80 years (ranging from 45 to 64 years). 
Diagnosis was done by physical examination and confirmed 
by histological findings. Those who underwent any aesthetic 
medical procedure or used topical depigmenting agent within 
three months prior to the study were excluded. 

RF treatment
Subjects were treated with a bipolar RF device (Forma®; In-
mode Inc., Richmond Hill, ON, Canada) three times at a 
3-week interval. The treatment areas included both cheeks, 
lower eyelids, nasolabial folds, and jowls. Prior to the proce-

dure, the treatment areas were gently cleansed with a mild 
cleanser. After applying ultrasound gel, the probe was gently 
applied to the treatment areas in small circular motion to uni-
formly heat the area. With the help of real-time temperature 
monitoring, the device automatically activated or terminated 
the delivery of RF energy to maintain target temperature in the 
treatment areas. The parameters were set at the target tempera-
ture of 43°C and energy of 62 mJ. Each subject was treated for 
20 minutes per session.

Subjects were scheduled to visit at week 0 (baseline), week 3, 
week 6, and week 9. At each visit, the melanin index (MI) and 
erythema index (EI) of the lesions and preauricular area were 
measured using Mexameter (MX18®; Courage & Khazaka, 
Köln, Germany). Two blinded, independent dermatologists as-
sessed the overall severity of the disease using a 5-point inves-
tigator’s global assessment (IGA) scale (5, very severe; 4, severe; 
3, moderate; 2, mild; 1, minimal melasma). The IGA score was 
determined by the median value of IGA from the two derma-
tologists.

Immunohistochemical analysis
A 2 mm-sized punch biopsy was performed at the darkest me-
lasma lesion at baseline (week 0) and at three weeks after the 
final treatment (at week 9). The skin samples were stained for 
hematoxylin and eosin (H&E), Fontana-Masson, and Masson’s 
trichrome to measure the amount of melanin and collagen 
fibers. Immunohistochemical staining was performed on for-
malin-fixed, paraffin-embedded tissues. The paraffin sections 
underwent deparaffinization in a HistoChoice Clearing Agent 
(Amresco, Solon, OH, USA), rehydration from graded ethanol 
to distilled water, and antigen retrieval using Trilogy solution 
(Cell Marque, Rocklin, CA, USA) and a pressure cooker. Non-
specific antibody binding was blocked by normal goat (ab7481; 
Abcam, Cambridge, UK), donkey (ab7475; Abcam), and 
chicken (ab7477; Abcam) serums. The primary antibodies used 
were as follows; procollagen-1, 1:50 (SP1.D8; DSHB, Iowa City, 
IA, USA); type IV collagen, 1:50 (ab8201; Abcam); CD31, 1:50 
(M0823; Dako, Carpinteria, CA, USA); mast cell tryptase, 1:50 
(sc-32473; Santa Cruz Biotechnology, Santa Cruz, CA, USA); 
p16INK4A, 1:50 (ab189034; Abcam); HSP47, 1:50 (sc8352; Santa 
Cruz Biotechnology); stromal derived factor-1 (SDF-1), 1:50 
(sc74271; Santa Cruz Biotechnoogy); c-kit, 1:50 (sc1494; Santa 
Cruz Biotechnology); HSP70 (sc32239; Santa Cruz Biotechnol-
ogy); HSP90 (ab6536; Abcam). The secondary antibodies were 
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Alexa Flour® 488 goat anti-mouse immunoglobulin G (IgG) 
(A11001; Invitrogen, Carlsbad, CA, USA), Alexa Flour® 488 
goat anti-rabbit IgG (A11008; Invitrogen), Alexa Flour® 488 
chicken anti-mouse IgG (A21200; Invitrogen), Alexa Flour® 
488 chicken anti-rabbit IgG (A21441; Invitrogen), Alexa Flour® 
488 chicken anti-goat IgG (A21467; Invitrogen), Alexa Flour® 
555 donkey anti-mouse IgG (A31570; Invitrogen), Alexa Flour® 
555 donkey anti-rabbit IgG (A31572; Invitrogen), and Rhoda-
mine donkey anti-rabbit IgG (sc2092; Santa Cruz Biotechnol-
ogy). After staining with DAPI (1 μg/ml, 10236276001; Roche, 
Indianapolis, IN, USA), images were detected using Confocal 
Laser Scanning Microscope (LSM710; Carl Zeiss, Jena, Ger-
many). 

Image analysis
ImageJ version 1.52a (National Institute of Health, Bethesda, 
ML, USA) was used to evaluate the image signals. The stain-
ing intensity of melanin and collagen were determined in the 
Fontana-Masson and Masson’s trichrome stains, respectively. 
The immunostaining images were analyzed in the most highly 
labeled areas (hot field) under 200× magnification. For the ex-
pression analysis of procollagen-1, mast cell tryptase, p16INK4A 
and HSP47, the number of procollagen-1-, mast cell tryptase-, 

p16INK4A-, and HSP47-positive cells in the dermis within 200 
μm from the epidermal-dermal junction was counted. For the 
expression analysis of CD31 and SDF-1, the signal intensity in 
the dermis within 200 μm from the epidermal-dermal junction 
was evaluated20. The signal intensity of type IV collagen was 
determined in the epidermal-dermal junction. 

Statistical analysis
SPSS Statistics 21.0 (IBM Corp., Armonk, NY, USA) was used 
for all data analyses. Wilcoxon’s signed rank test was used to 
determine the statistical significance. A p-value of less than 0.05 
was considered to indicate statistical significance. All results are 
presented as the mean±standard deviation. 

Ethics statement
This study was conducted in accordance with the Declaration 
of Helsinki and International Conference on Harmonization 
and Good Clinical Practice Guidelines and was reviewed and 
approved by the institutional review board of Seoul National 
University Bundang Hospital (B-1805/466-007). Written in-
formed consents were obtained from all subjects before study 
enrollment. We received the patient’s conset form about pub-
lishing all photographic materials.
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Fig. 1. Radiofrequency (RF) improved the pigmentation in melasma patients. (A) Clinical photographs of a subject at week 0 and 9, who 
was treated with the RF, showing improvement in pigmentation. (B) The lesional melanin index (MI) and ∆MI (which indicates the dif-
ference between the lesional and non-lesional MI) were decreased at week 3, 6, and 9 compared with the baseline. Clinical improve-
ment was also demonstrated by the investigator’s global assessment (IGA) score, which improved from 3.50 at week 0 to 2.95 at week 9. 
No significant change in the erythema index (EI) was observed during the study. *Statistically significance (p<0.05).
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RESULTS

The radiofrequency treatment improved pigmentation 
in melasma skin
All subjects showed clinical improvement in pigmentation 
after the RF treatment (Fig. 1A). The lesional MI at week 
3, 6, and 9 were decreased by 10.4%, 11.9%, and 13.7%, re-
spectively, when compared with the baseline (225.73±41.93 
at baseline, 202.23±50.04 at week 3, 198.80±48.52 at week 6, 
and 194.77±52.73 at week 9) (Fig. 1B). To eliminate seasonal 
variation of skin tone, we also measured the non-lesional MI 
at the preauricular area, which is exposed to sunlight, but not 
treated with the RF device. There was no significant change 
in the non-lesional MI throughout the study (132.53±27.40 
at baseline, 134.40±28.23 at week 3, 134.30±28.78 at week 6, 
and 134.63±28.45 at week 9). The ∆MI, which indicates the 
difference between the lesional and non-lesional MI, was also 
decreased at week 3, 6, and 9 compared with the baseline. The 
clinical improvement was also demonstrated by the IGA score, 
which improved from 3.50 at week 0 to 2.95 at week 9. Mean-
while, there was no significant change in EI throughout the 
study. 

None of the subjects complained of procedural pain or re-
quired anesthesia. Postoperative erythema, which disappeared 
after a few minutes, was observed in all subjects. Adverse 
events, including postoperative swelling and tenderness, burn, 

or postinflammatory hyperpigmentation, were not reported 
throughout the study period. 

The radiofrequency treatment promoted neocolla-
genesis and restoration of basement membrane in 
melasma skin
Histologic analysis revealed reduced deposition of melanin 
after the RF treatment (Fig. 2). In Masson’s trichrome stain, 
elevation of collagen density and thickness was observed in the 
dermis. 

Immunohistochemical study was performed to investigate 
the effects of RF treatment on the dermis. Increased number of 
cells expressing procollagen-1 was observed in the dermis after 
the RF treatment (Fig. 3). Immunostaining for type IV collagen 
showed that disrupted basement membrane in the melasma 
skin was restored after the RF treatment. Meanwhile, signifi-
cant changes in the vascularity and the number of mast cells 
were not observed in the dermis via the immunostaining for 
CD31 and mast cell tryptase.

The radiofrequency treatment reduced the number of 
senescent fibroblasts and increased the expression of 
HSP70 and HSP90 in melasma skin
We further examined the immunostaining for p16INK4A, which 
is a known senescent cell marker21. An increased number of 
p16INK4A-positive fibroblasts was previously reported in the der-

Fig. 2. Histologic analysis revealed 
reduced deposition of melanin and 
increased collagen density and thick-
ness after the radiofrequency treat-
ment. Original magnification ×200. 
*Statistically significance (p<0.05).
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mis of senile lentigo, which is a prototype of photoaged skin17. 
We found a presence of p16INK4A-positive cells in the dermis 
of melasma skin (Fig. 4A). The p16INK4A-positive cells were 
spindle-shaped, and a majority of them were observed in the 
upper layer of the dermis. Double immunostaining for p16INK4A 
and HSP47, a collagen-specific molecular chaperone, which is 
essential for collagen maturation, confirmed that the senescent 
cells were indeed fibroblasts (Fig. 4B)22. After the RF treatment, 
the number of p16INK4A-positive fibroblasts was reduced signifi-
cantly (Fig. 4C). The mean number of p16INK4A-positive fibro-
blasts per field decreased from 14.1 to 4.4 after treatment. The 
expression of HSP70 and HSP90 was increased in the dermis of 
melasma skin after the RF treatment (Fig. 4D). 

The radiofrequency treatment increased the secretion 
of SDF-1 
To explain the association between the dermal remodeling and 
reduced pigmentation, we reviewed the literatures and selected 

SDF-1 and c-kit as the melanogenic signals from fibroblasts in 
melasma. A recent study reported the suppressed secretion of 
SDF-1 in senescent fibroblasts of senile lentigo through DNA 
methylation17. We found that the expression of SDF-1 was 
down-regulated in the dermis of melasma skin (Fig. 5). How-
ever, the RF treatment significantly induced the secretion of 
SDF-1 in the dermis. 

Stem cell factor (SCF) is a fibroblast-derived potent melano-
genic cytokine, which binds to the c-kit to activate the extracel-
lular signal-regulated kinase (ERK) pathway in melanogen-
esis16,23. The up-regulated expression of c-kit on melanocytes 
was reported in melasma skin24. However, immunostaining for 
the c-kit showed no significant change post-RF treatment. 

DISCUSSION

Melasma is a photoaging disorder that is characterized by 
not only pigmentation but also by alterations in the dermal 

Fig. 3. Radiofrequency (RF) promoted neocollagenesis and restored basement membrane. Increased number of cells expressing procol-
lagen-1 was observed in the dermis after the RF treatment. Immunostaining for type IV collagen showed that disrupted basement mem-
brane in melasma skin was restored after the RF treatment. However, significant changes in the vascularity and the number of mast cells 
were not observed in the dermis through the immunostaining for CD31 and mast cell tryptase. Original magnification ×200. *Statisti-
cally significance (p<0.05).

0

60

40

20

0

N
u
m

b
e
r

o
f

p
o
s
it
iv

e
c
e
ll
s
/f
ie

ld

Week

9

* =0.005p

0

120

100

80

60

0

In
te

n
s
it
y

Week

9

* =0.022p

40

20

0

12

10

8

6

0

In
te

n
s
it
y

Week

9

p=0.445

4

2

0

6

4

2

0

N
u
m

b
e
r

o
f

p
o
s
it
iv

e
c
e
ll
s
/f
ie

ld

Week

9

p=0.581

Week 0 Week 9

P
ro

c
o

ll
a

g
e

n
-1

T
y
p

e
IV

c
o

ll
a

g
e

n
C

D
3

1
M

a
s
t

c
e

ll
tr

y
p

ta
s
e

*

*



Radiofrequency Treatment in Melasma

527https://doi.org/10.5021/ad.2021.33.6.522

environment. In this study, we revealed that continuous ther-
mal stimulation of skin to the temperature of 43°C using the 
temperature-controlled continuous non-invasive RF device ap-
pears to remodel the dermal environment in melasma, leading 
to reduced pigmentation. We showed that there is a decreased 
number of p16INK4A-positive senescent fibroblasts after the RF 
treatment. The change in the fibroblasts population might re-
sult in the restoration of basement membrane, and increased 

secretion of SDF-1, which all could contribute to the inhibition 
of the melanogenic process. 

The mechanism behind the reduced number of senescent 
fibroblasts after the RF treatment has not been fully elucidated 
to date. We hypothesized that the thermal damage by RF treat-
ment induces rejuvenation of senescent fibroblasts. Repetitive 
mild heat shock (40°C~42°C for 30~60 minutes) suppresses 
age-related morphologic changes of fibroblasts and elongates 

Fig. 4. Radiofrequency (RF) treatment reduced the number of senescent fibroblasts and up-regulated the expression of heat shock pro-
tein (HSP) 70 and HSP90 in melasma. (A) The presence of p16INK4A-positive cells before and after RF treatment. Original magnification 
×200. (B) Double immunostaining for p16INK4A and HSP47 indicated that the senescent cells were fibroblasts. Original magnification 
×400. (C) The mean number of p16INK4A-positive fibroblasts per field decreased from 14.1 to 4.4 after treatment. (D) The expression of 
HSP70 and HSP90 before and after RF treatment. Original magnification ×400. *Statistically significance (p<0.05).
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cellular longevity by 20% in vitro25,26. This rejuvenating process 
of fibroblasts is achieved by the activation of the ERK path-
way, which is involved in cellular survival and proliferation27. 
Heat shock also stimulates the translocation of the heat shock 
transcription factor into the nucleus, and thus the expression 
of HSP70 and HSP90, which act as chaperones, is involved in 
the renaturation of unfolded proteins28. In addition, heat shock 
also induces several cellular responses, including antioxidant 
response, DNA damage response, and unfolded protein re-
sponse, to achieve homeostasis29-32. The removal of abnormal 
intracellular protein and suppression of reactive oxygen species 
production occur as a consequence, which results in delayed 
aging of fibroblasts. 

In the present study, we showed the restoration of base-
ment membrane after the RF treatment. Disruption of base-
ment membrane is a common histologic finding in melasma, 
observed in 83% to 95.5% of melasma patients33. Disrupted 
basement membrane could induce a descent of melanocytes, 
resulting in pendulous melanocytes observed in melasma34. In 
a cell culture model of normal human melanocytes (NHMs) 
on three dimensional (3D) Matrigel—a basement membrane-
like extracellular matrix extract—the intracellular melanin level 
was significantly lower when compared with NHMs cultured 
on gelatin-coated 2D plate or 3D collagen gel35. Under UV ra-
diation, increase expression of heparanase causes degradation 
of heparan sulfate at the basement membrane, which results in 
enhanced diffusion of fibroblast-derived melanogenic growth 
factors from dermis to epidermis through the dermo-epider-
mal junction, thereby promotes melanogenesis36. 

SDF-1, which is also known as C-X-C motif chemokine 

ligand 12 (CXCL12), binds to the C-X-C chemokine receptor 
type 4 (CXCR4) to activate several downstream signaling path-
ways, while blocking the adenylate cyclase and cAMP produc-
tion37,38. Recently, SDF-1 has been highlighted as a mediator for 
senescent fibroblast-induced pigmentation. Reduced secretion 
of SDF-1 from the senescent fibroblasts of senile lentigo was 
shown to promote pigmentation, which was reversed when 
senescent fibroblasts were removed by the microneedle RF 
treatment17. Our result suggests that senescent fibroblasts and 
SDF-1 are involved in the pathogenesis of both melasma and 
senile lentigo, despite having distinct clinical presentation and 
histological characteristics4.

Fibroblasts are known to secrete several melanogenic growth 
factors, including SCF, bFGF, and HGF23. The expression of 
SCF, HGF, and keratinocyte growth factor was observed in 
senile lentigo skin, and their secretion was induced by the pho-
toaging of fibroblasts39. We examined the c-kit—the receptor of 
SCF—to explain the anti-melanogenic effect of RF. SCF, which 
binds with the c-kit to activate the MAPK/ERK pathway, is 
known as a potent melanogenic cytokine secreted from senes-
cent fibroblasts16,23. An up-regulated expression of the c-kit on 
melanocytes and SCF in the dermis was reported in melasma 
skin24. However, there was no significant difference in the ex-
pression of c-kit after the RF treatment in our study. Different 
from the SDF-1, which is secreted from fibroblasts, SCF is se-
creted not only from fibroblasts, but also from keratinocytes in 
response to various stimuli, such as UV irradiation40. Possible 
explanation is that the secretion SCF from keratinocytes is not 
affected by the RF treatment though its secretion from fibro-
blasts is decreased by eliminating senescent fibroblasts. 

Fig. 5. Radiofrequency (RF) induced the secretion of stromal derived factor-1 (SDF-1). In contrast, immunostaining for the c-kit showed 
no significant change after the RF treatment. Original magnification ×200. *Statistically significance (p<0.05).
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In conclusion, skin heating by the temperature-controlled 
continuous non-invasive RF device improved melasma via 
reduced number of senescent fibroblasts, increased expression 
of HSP70 and HSP90, restoration of basement membrane, and 
up-regulated secretion of SDF-1.
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