WILEY

Online Proofing System Instructions

The Wiley Online Proofing System allows authors and proof reviewers to review PDF proofs, mark corrections, respond
to queries, upload replacement figures, and submit these changes directly from the PDF proof from the locally saved file
or while viewing it in your web browser.

1. For the best experience reviewing your proof in the Wiley Online
Proofing System please ensure you are connected to the internet.
This will allow the PDF proof to connect to the central Wiley Online
Proofing System server. If you are connected to the Wiley Online
Proofing System server you should see the icon with a green check Connected Disconnected
mark above in the yellow banner.

2. Please review the article proof on the following pages and mark any
corrections, changes, and query responses using the Annotation Tools
outlined on the next 2 pages.

3. To save your proof corrections, click the “Publish Comments”
button appearing above in the yellow banner. Publishing your
comments saves your corrections to the Wiley Online Proofing
System server. Corrections don’t have to be marked in one sitting,
you can publish corrections and log back in at a later time to add
more before you click the “Complete Proof Review” button below.

4. If you need to supply additional or replacement files bigger than
5 Megabytes (MB) do not attach them directly to the PDF Proof, Upload files

please click the “Upload Files” button to upload files:

Click Here

5. When your proof review is complete and you are ready to submit corrections to the publisher, please click
the “Complete Proof Review” button below:

Complete Proof Review

Click Here

IMPORTANT: Do not click the “Complete Proof Review” button without replying to all author queries found on
the last page of your proof. Incomplete proof reviews will cause a delay in publication.

IMPORTANT: Once you click “Complete Proof Review” you will not be able to publish further corrections.



USING e-ANNOTATION TOOLS FOR ELECTRONIC PROOF CORRECTION W l L E Y

Once you have Acrobat Reader open on your computer, click on the Comment tab at the right of the toolbar:

= Tools Comment Share

This will open up a panel down the right side of the document. The majority of
tools you will use for annotating your proof will be in the Annotations section, @ @ @) E@ 8

pictured opposite. We've picked out some of these tools below:
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1. Replace (Ins) Tool —for replacing text.

% Strikes a line through text and opens up a text
box where replacement text can be entered.

How to use it
e Highlight a word or sentence.

e Click on the Replace (Ins) icon in the Annotations
section.

e Type the replacement text into the blue box that
appears.
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2. Strikethrough (Del) Tool —for deleting text.

Strikes a red line through text that is to be
deleted.

How to useit
e Highlight a word or sentence.

e Click on the Strikethrough (Del) icon in the
Annotations section.
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3. Add note to text Tool —for highlighting a section
to be changed to bold or italic.

E’ Highlights text in yellow and opens up a text
box where comments can be entered.

How to useit
e Highlight the relevant section of text.

o Click on the Add note to text icon in the
Annotations section.

e Type instruction on what should be changed
regarding the text into the yellow box that
appears.

namic responses of mark ups
ent with the VAR evidence

satioy| © " dthreshe Y ith
08/06/2011 15:31:38

y Ma cll

I an ed

on n er

to als Zlon

ctont alea uwnth tha doamand_

4. Add sticky note Tool — for making notes at
specific points in the text.

Marks a point in the proof where a comment
needs to be highlighted.

How to use it

e Click on the Add sticky note icon in the
Annotations section.

e Click at the point in the proof where the comment
should be inserted.

e Type the comment into the yellow box that
appears.
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5. Attach File Tool —for inserting large amounts of
text or replacement figures.

é Inserts an icon linking to the attached file in the
appropriate place in the text.

How to useiit

e Click on the Attach File icon in the Annotations
section.

e Click on the proof to where you'd like the attached
file to be linked.

e Select the file to be attached from your computer
or network.

e Select the colour and type of icon that will appear
in the proof. Click OK.
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6. Drawing Markups Tools —for drawing
shapes, lines and freeform annotations on
proofs and commenting on these marks.
Allows shapes, lines and freeform annotations to be
drawn on proofs and for comment to be made on
these marks.

~ Drawing Markups

How to use it

«  Click on one of the shapes in the Drawing Markups
section.

«  Click on the proof at the relevant point and draw the
selected shape with the cursor.

* To add a comment to the drawn shape, move the
cursor over the shape until an arrowhead appears.

« Double click on the shape and type any text in the
red box that appears.
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High intensity focused ultrasound as a potential new

modality for the treatment of pigmentary skin disorder
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Background/Purpose: The clinical skin tightening benefits of
high intensity focused ultrasound (HIFU) have been estab-
lished, but its mechanism of action in pigmented skin disorders
remains unknown. We macroscopically and histopathologically
investigated dermatological changes after HIFU at different
exposure doses in a UVB-induced guinea pig model of hyper-
pigmentation.

Methods: We applied HIFU irradiation at 0.1 and 0.2 J/cm? to
UVB-induced spotty hyperpigmentation in guinea pig skin. The
therapeutic effects of HIFU were judged based on gross
appearance using photography, dermoscopy, and chromame-
try during a period of 3 weeks after HIFU irradiation. Histologi-
cal assessments were performed using Fontana-Masson
staining 1 day before and 3 weeks after HIFU irradiation.
Results: Macroscopically, UVB-induced hyperpigmentation
was significantly reduced 2 weeks after HIFU with 0.2 J/cm?,

and 3 weeks after HIFU with 0.1 J/cm?. Histopathologically,
the heavy deposition of melanin in the epidermis induced by
UVB exposure was reduced 3 weeks after HIFU irradiation.
Conclusion: We confirmed that HIFU has a positive effect on
UVB-induced hyperpigmentation as well as mechanical
destructive activity. We suggest that HIFU may be useful as
an alternative modality for human patients suffering from skin
pigmentary conditions.

Key words: high intense focused ultrasound — hyperpigmenta-
tion — pigmentation — UVB
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KIN COLOR is related to the amount and

distribution of melanin. Abnormal melanin
accumulations on the unevenness of skin tone
and the effects of surface imperfections have
been discussed (1). Melanin accumulation can
be due to many different causes such as hor-
monal imbalance or sun exposure, and may be
either transient or permanent, as observed clini-
cally in conditions such as melasma, chloasma,
or lentigo. Unwanted pigmentation can cause
patients to be uncomfortable, self-conscious,
and reduce feelings of self-worth (2). Several
treatments are used to reduce hyperpigmenta-
tion, including disruption of the distribution of
melanosomes and inhibition of the tyrosinase
enzyme.

High intensity focused ultrasound (HIFU) has
been investigated as a tool for the treatment of
solid benign and malignant tumors for many
decades (3). Recently, HIFU was explored as a
new treatment modality for skin tightening and

rejuvenation (4). High intensity focused ultra-
sound can produce small, micro-thermal lesions
at precise depths in the dermis up to the fibro-
muscular layer, causing thermally induced con-
traction of collagen and tissue coagulation with
subsequent collagenesis, while sparing the epi-
dermis (5-7). To date, no experimental or clini-
cal studies have evaluated the efficacy of HIFU
for the treatment of pigmented skin lesions. In
this study, we evaluated the effects of HIFU on
hyperpigmentation using an animal model.
Guinea pigs are commonly used for studies of
skin reactions to UV irradiation and of the protec-
tive effects of sunscreen on sunburn and tanning
reactions in the skin. The effects of depigmenting
agents on spotty pigmentation have also been
evaluated using guinea pig models (8, 9). This
study was undertaken to macroscopically and
histopathologically investigate dermatological
changes in UVB-induced guinea pig skin pigmen-
tation after HIFU at different exposure doses.
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Materials and Methods

Guinea pig model

One 6-week-old female brownish guinea pig
(Tokyo Laboratory Animals Science Co., Tokyo,
Japan) was used in this study. The guinea pig
was bred and housed under conventional con-
ditions (temperature: 23 £ 3°C, relative humid-
ity: 55 £ 15%) at the R&D Center of the College
of Medicine at Chung-Ang University, Korea.
All procedures were conducted in accordance
with the guidelines of the Institutional Animal
Care and Use Committee of Chung-Ang Uni-
versity (IRB number: 13-0020). After acclimati-
zation for 7 days, the dorsal skin of the guinea
pig was separated into four areas (2 x 2 cm) as
follows: area 1: no UVB-induced tanning (con-
trol), area 2: UVB-induced tanning (control),
area 3: UVB-induced tanning with HIFU at
0.1]/cm? and area 4: UVB-induced tanning
with HIFU at 0.2]/cm?.

UVB irradiation regimen

The guinea pig was anesthetized with Zoletil 50
(Virbac S.A, France) (40 mg/kg) and Rompun
(Bayer, Korea) (5 mg/kg) in saline (Huons,
Korea). To develop pigmentation, the back of
the guinea pig was cleanly shaved with electric
clippers. The guinea pig was exposed to weekly
sessions of narrow band UVB (NB-UVB) irradi-
ation for 4 weeks at a dose of 490 m]J/cm? per
session using a NB-UVB lamp (Dermalight®80,
National Biological Corp., OH, USA).

HIFU ultrasound device protocol

A HIFU device (Ultraformer2®, Classys Inc.,
Seoul, Korea) was used in this study. An ultra-
sound probe was connected to a generator sys-
tem operating in the MHz frequency regime.
The ultrasound energy was coupled from the
transducer (operating at 7 MHz) to skin by ultra-
sound coupling gel applied to the skin surface.
The nominal focal depth for this study was
1.5 mm below the skin surface. Each probe
delivered a set of pulses in a linear array, pulses
spaced 1.0-2.0 mm apart, and an entire linear
array was up to 25 mm long. The spacing of
pulses within each linear array was set at 1 mm,
resulting in 25 thermal coagulative zones created
with each probe discharge. Linear arrays were
spaced in parallel at 1-mm intervals. Ultrasound
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transmission gel (Supersonic®, Sungheung Co.,
Korea) was applied to the skin, and handpiece H
was pressed perpendicularly, uniformly and
firmly to the skin surface. The guinea pig was
treated only once with a 7-MHz, 1.5-mm hand-
piece, at 0.1]/cm” and 0.2]/cm?. After treatment,
the ultrasound transmission gel was wiped off
of the guinea pig’s skin. The treated skin showed
mild redness and swelling that persisted for sev-
eral days.

Evaluation of tanning reduction

We evaluated tanning reduction 1, 2, and
3 weeks after HIFU treatment using photogra-
phy, dermoscopy, and chromametry. Clinical
changes were measured using digital photo-
graphs (Canon 3000D, Canon Inc., Tokyo,
Japan). We used a dermoscope to produce
images with enhanced magnification (DermlLite
Pro, CA, USA). The lightening effect was deter-
mined by measuring the L* value with a CR-10
reflectance spectrophotometer (Konica Minolta
Sensing, Inc., Sakai, Osaka, Japan) as a chrom-
ameter. The L* value (luminance) defines the
relative lightness ranging from total black
(L* = 0) to total white (L* = 100). The blanching
effect was quantified by the increase in L*
value: AL* = L* (on the measuring day) — L*
(on the first day of the test, before HIFU treat-
ment).

Histological analysis

Three weeks after HIFU treatment, the guinea
pig was sacrificed and skin samples were
removed from each quadrant of the test site.
Samples were fixed in 10% formaldehyde,
embedded in paraffin, and stained with stan-
dard hematoxylin and eosin (H&E). Changes in
melanin deposition were measured by Fontana-
Masson (FM) staining. All staining was exam-
ined under a phase-contrast microscope (Eclipse
TS100®, Nikon Instruments Inc., Melville, NY,
USA).

Statistical analysis

Data are presented as mean =+ standard devia-
tion. Statistical comparisons between the treated
and untreated areas were performed using
one-way aNova followed by Tukey’s post hoc
test for direct comparisons between groups.
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P values < 0.05 and <0.01 were considered sta-
tistically significant.

Results

Clinical and dermoscopic changes

In both digital photographs and dermoscopic
pictures, UVB-induced  hyperpigmentation
started to decrease 1 week after HIFU treatment
in areas 3 and 4, while no reduction occurred in
area 2. At 3 weeks after HIFU treatment, the
tanning induced by UVB radiation was mark-
edly reduced in areas 3 and 4. Compared with
area 3, tanning in area 4 decreased more
quickly (Figs 1 and 2).

Changes of brightness index

Compared with AL* in area 2, the L* values of
areas 3 and 4 were significantly decreased from
baseline (before HIFU treatment), at 3 weeks
and 2 weeks after HIFU treatment, respectively
(P <0.01) (Fig. 3). The details of the L* values
are shown in Table 1.

Group 1 Group 2

High intensity ultrasound for dyspigmentation

Histological changes

Microscopic examinations of H&E-stained sec-
tions confirmed that there were no signs of
inflammatory or necrotic reactions in any of the
four tested areas (Fig. 4). In FM-stained sections,
marked increases of melanin in the basal layer of
the epidermis were detected in area 2. However,
in areas 3 and 4, heavy deposition of melanin in
the epidermis induced by UVB exposure was
reduced compared with area 2 (Fig. 5).

Discussion

Melanin pigment is a heterogeneous biopolymer
synthesized from intermediate products derived
from dopaquinone in the epidermis. The per-
ceived color of skin is determined by the ratio
of eumelanins to phaeomelanins, and in part by
blood within the dermis. Exposure of skin to
UVB irradiation upregulates the synthesis of
melanocyte tyrosinase, regulating in increased
melanogenesis and, thus tanning (10, 11).

In the present study, depigmentation with
HIFU was investigated macroscopically and his-

Group 3 Group 4

Fig. 1. Digital photographs show that tanning induced by UVB exposure was markedly reduced in areas 3 and 4 at 3 weeks after HIFU treat-

ment.
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Fig. 2. Dermoscopic pictures show that tanning induced by UVB exposure was markedly reduced in areas 3 and 4 at 3 weeks after HIFU treat-

ment.
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Fig. 3. The L* values of areas three and four were significantly
decreased from baseline at 3 weeks and 2 weeks after HIFU treat-
ment, respectively, compared with area 2 (P < 0.01%*).

topathologically, using a UVB-induced hyper-
pigmentation model in the skin of a guinea pig.
We macroscopically confirmed that UVB-
induced hyperpigmentation significantly
decreased after HIFU treatment with 0.1 J/cm?
and 0.2 J/cm? The effects of HIFU on UVB-
induced hyperpigmentation were enhanced
when applied with 0.2 J/cm? energy compared
with 0.1 J/cm® energy. Histologically, we also
confirmed that the melanin deposition in the
epidermis induced by UVB exposure was mark-
edly reduced after HIFU treatment with 0.1 J/

4

TABLE 1. The details of the L* values

Days 0 7 14 21
Group 1 L*1 66.7 65.4 66.3 66.2
L*2 66.4 65.5 65.4 65
L*3 65.6 65.9 65.4 65.6
L* Mean 66.23 65.6 65.7 65.6
L* SD 0.57 0.26 0.52 0.6
Group 2 L*1 56 51.3 55.9 54.9
L*2 57.5 54.4 55.3 55.6
L*3 56.7 54.4 55.1 55.3
L* Mean 56.73 53.36 55.43 55.27
L* SD 0.75 1.79 0.42 0.35
Group 3 L*1 55 55 55.7 57.2
L*2 54.7 54.8 56.4 56.8
L*3 55.1 53.9 56.2 57.4
L* Mean 54.93 54.56 56.1 57.13
L* SD 0.21 0.56 0.36 0.31
Group 4 L*1 52.3 55.7 58 59
L*2 54.6 58 57.2 57.7
L*3 53.6 56.4 58.2 58.8
L* Mean 53.5 56.7 57.8 58.5
L* SD 1.15 1.18 0.53 0.7

SD, Standard deviation

cm® and 0.2 J/cm®. Therefore, we suggest that

HIFU has skin lightening effects on areas with
UVB-induced hyperpigmentation.

HIFU has recently been used for skin tightening
and rejuvenation. Usually, 3- and 4.5-mm trans-
ducers are applied to deliver energy to the deep
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Group 3

Fig. 4. There were no signs of inflammatory or necrotic reactions of skin tissue (hematoxylin & eosin stain).

Group 3

Fig. 5. Heavy deposition of melanin in the epidermis induced by UVB exposure was reduced in areas 3 and 4 (Fontana-Masson stain).

dermis, subcutis, and fibromuscular layer. Epider-
mal injury is minimized and ultrasound energy is
directed into the deep skin tissue, resulting in
well-defined thermal injury zones (5-7).

The mechanism underlying the lightening
effects of HIFU is not understood. We hypothe-
size that when using a HIFU 1.5-mm trans-
ducer, the ultrasound energy is delivered
beneath the dermoepidermal junction and
upper dermis. The ultrasound waves induce

vibrations in the composite molecules within
skin tissue during propagation, and the friction
that develops between intrinsic molecules is the
source of the generated heat (12). We then pro-
pose that the mechanical destructive effects
induced by vibration and friction are what
eliminate melanin and pigmented debris from
the epidermis and upper dermis.

Similarly, melasma has been successfully trea-
ted with fractional resurfacing lasers. Fractional

5
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photothermolysis may induce ultrastructural
changes, resulting in decreases in the numbers
of melanocytes and melanin granules within
keratinocytes (13, 14). HIFU is similar to frac-
tional laser resurfacing in that thermal lesions
are created, but is unique in that the thermal
lesions are created below the surface and can
be of variable geometry (10). As fractional
resurfacing lasers have been used for the treat-
ment of pigmented lesions including melasma,
HIFU may be effective due to similar mecha-
nisms for the elimination of melanocytes and
melanin, and may be helpful to treat skin pig-
mentary conditions.

Our results demonstrate that a single session
of HIFU treatment using a 1.5-mm-depth trans-
ducer is effective for improving UVB-induced
hyperpigmentation in an animal model. The
major limitation of this study is the use of tan-
ning loss to assess depigmentation capacity. This

method is widely used for testing pigmentary
skin problems, but does not measure the ability
to reduce long-lasting pigmentation such as
freckles or melasma. Based on this animal study,
we suggest that HIFU may be useful as an alter-
native modality for the treatment of skin pigmen-
tary conditions in human patients. Further
clinical studies are necessary to evaluate the
effects of HIFU on pigmentary skin disorders.
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