FRFRE KA

LA A MNVE

FRFES

ey

HiRE

Tanemura A, Yang
L, Yang F, Nagata
Y, Wataya-Kaneda
M, Fukai K, Tsurut
a D, Ohe R, Yama
kawa M, Suzuki T,
Katayama I

An immune pathological an
d ultrastructural skin analys
is for rhododenol-induced 1
eukoderma patients.

J Dermatol Sci.

7

185-188

2015

Okamura K, Ohe R,

Abe Y, Ueki M,
Hozumi Y, Tamiya
G, Matsunaga K, Y
amakawa M, Suzuki
T

Immunohistopathological an
alysis of frizzled-4-positive
immature melanocytes from
hair follicles of patients w
ith Rhododenol-induced leu
koderma.

J Dermatol Sci.

80

156-158

2015

Abe Y, Okamura K,

Kawaguchi M, Ho
zumi Y, Aoki H, K
unisada T, Ito S, W
akamatsu K, Matsun
aga K, Suzuki T

Rhododenol-induced leukod
erma in a mouse model mi
micking Japanese skin.

J Dermatol Sci.

81

35-43

2016




IV. HFEREDOTIITY - BRI



13

Bull. Natl Inst. Health Sci., 133, 13-20 (2015)

Special Report

L2 PEICX 28
— R EAEOEF L0 ¥ —vaE—

&L (%) ¥

Leukoderma caused by chemicals: mechanisms underlying 4-alkyl/aryl-substituted
phenols- and rhododendrol-induced melanocyte loss

Tomoko Nishimaki-Mogami

Chemical leukoderma is a skin depigmentation disorder known to occur in manufactural workplace
through contact with chemicals, such as monobenzyl ether of hydroquinone (MBEH) and 4-tert-
butylphenol (4-TBP). In the skin depigmented legions induced by these chemicals, the number of
melanocyte was severely decreased. Anti-melanoma agent 4-cysteaminylphenol (4-SCAP) and its
derivatives are also known to cause leukoderma. Evidence has accumulated supporting that typical
class of chemicals causing leukoderma is “4-alkyl/aryl-substituted phenols/catechols", which are
structurally similar to melanin precursor tyrosine. Tyrosinase-mediated oxidation of these chemicals
yields toxic ortho-quinones which bind to cellular proteins and produce reactive oxygen species.
Accordingly, this tyrosinase-dependent metabolic activation is thought to cause melanocyte-specific
damage and subsequent immune reactions toward melanocytes. Recently, rhododendrol, an inhibitor of
tyrosinase developed for so-called lightening/whitening cosmetics, was shown to cause leukoderma in
the users. In this review, I document the causes of known chemical leukoderma and rhododendrol-
induced leukoderma, focusing on their common mechanisms underlying melanocyte loss.

Keywords: Chemical leukoderma, monobenzyl ether of hydroquinone, rododendrol, melanocyte, tyrosinase
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Rhododendrol [4-(4-hydroxyphenyl)-2-butanol, Rhododenol®]
was first developed 5 years ago as a skin-whitening cosmetic that
contained a 2% (w/w) formulation. It is also a natural ingredient
present in many plants, such as the Nikko maple tree [1]. It
competes with tyrosine for hydroxylation by tyrosinase and
effectively inhibits melanin biosynthesis [2,3]. However, these
cosmetics were withdrawn from the market in 2013 after
rhododendrol reportedly caused a depigmentation disorder. It
was reported that partial depigmentation appeared on the neck,
the hands, and the face at sites of repeated application of these
cosmetics, and the symptoms in 79% of affected patients disappear
or begin to improve within 6 months after ceasing product use [The
Japanese Dermatological Association Special Committee on the
Safety of Cosmetics Containing Rhododendrol, 2014 (in Japanese)].
A previous report suggested that the melanocyte toxicity of
rhododendrol is caused by its tyrosinase-catalyzed oxidation and
production of cytotoxic reactive oxygen species (ROS) [4]. Another
previous study reported that no ROS were detected in rhododen-
drol-treated melanocytes, but a tyrosinase-dependent accumula-
tion of endoplasmic reticulum (ER) stress and/or activation of the
apoptotic pathway appeared to contribute to cytotoxicity
[5]. However, contradictorily, it was also recently reported that
one melanocyte line with higher tyrosinase activity is resistant to
rhododendrol cytotoxicity [6]. Furthermore, depigmentation
symptoms have only been confirmed in ~16,000 (2%) of 800,000
estimated users of cosmetic products containing rhododendrol.
Interestingly, not all consumers and not all treated skin areas
developed white blotching. It is still unclear why only some people
suffer from these skin problems and why a spectrum of symptoms
occurs. It appears likely that rhododendrol causes irritation and
depigmentation disorders only under certain conditions, suggest-
ing that its mechanisms might be more complicated than
previously reported.

In this report, normal human epidermal melanocytes from
moderately pigmented neonatal foreskin (HEMn-MP) cells were
incubated with rhododendrol (300-3000 pM). Rhododendrol
treatment at 300-900 uM did not affect melanocyte viability.
However, the number of viable melanocytes strikingly decreased

http://dx.doi.org/10.1016/j.jdermsci.2015.01.006

in response to rhododendrol treatment at 1500 and 3000 pM
(Fig. 1A). These results demonstrated concentration-dependent
rhododendrol-induced cytotoxicity in melanocytes. After rhodo-
dendrol treatment, cultured melanocytes were washed with cold
PBS buffer, adherent cells were-lysed for western blotting analysis
(Fig.S1A) or were fixed for immunofluorescence staining (Fig. S1B).
Treatment with higher concentrations (1500-3000 uM) of rho-
dodendrol induced caspase-3 and poly (ADP-ribose) polymerase
(PARP) cleavages in melanocytes (Fig. S1A). The cleaved caspase-3
positive melanocytes were also observed after treatment with high
concentration of rhododendrol (Fig. S1B). All of these results
together suggest that rhododendrol induces apoptotic cell death in
HEMn-MPs.

Cultured HEMn-MPs were treated with non-cytotoxic rho-
dodendrol concentrations (300-900 wM) for 120 h. Rhododen-
drol-treated cells were markedly less pigmented than untreated
control melanocytes (Fig. 1B(a-c)). By western blotting, identical
treatment with rhododendrol markedly down-regulated expres-
sion of the melanogenic factors tyrosinase, Pmel17 and Melan-A,
while slightly increasing MITF expression (Fig. 1B(d)). By
western blotting, expression of the autophagosome marker
LC3II and lysosome marker LAMP1 were both markedly up-
regulated in melanocytes by rhododendrol. treatment at non-
toxic concentrations (Fig. 1C). Furthermore, by immunofluores-
cence staining, increased LAMP1 and LC3II expression and
decreased Pmell17 expression was also observed in 900 pM
rhododendrol-treated ‘'melanocytes (Fig. 1D). Together, these
results demonstrate that exposure of melanocytes to rhododen-
drol inhibits melanin production and also enhances the
autophagy-lysosome pathway.

By electron microscopy examinations, the number of stage
IV melanosomes in the cells’ cytoplasm markedly decreased,
lysosome numbers also increased dramatically after rhododen-
drol treatment, and double-membrane enclosed autophagic
vacuoles were observed to contain materials resembling stage
[I-1II melanosomes (Fig. 2A). These results suggest
that rhododendrol inhibits melanogenesis and induces subse-
quent autophagy-lysosome activation and autophagic melano-
some degradation. To investigate the exact role of autophagy-
lysosome activation in rhododendrol-treated melanocytes, we
examined the effect of rhododendrol on autophagy-deficient
melanocytes and autophagy-enhanced melanocytes. Cultured
human melanocytes were pretreated with bafilomycin Al or
rapamycin for 3 h to inhibit or induce autophagy, respectively.
Autophagy deficiency (bafilomycin A1 pretreated) significantly
exacerbated rhododendrol cytotoxicity in cultured melanocytes,
and this cytotoxicity was clearly abolished in melanocytes
that were pretreated with rapamycin (Fig. 2B). These results
suggest that autophagy induction significantly attenuates
rhododendrol-induced melanocyte death. Protein expression
levels of p62 and BiP were observed strikingly up-regulated by

0923-1811/©® 2015 Japanese Society for Investigative Dermatology. Published by Elsevier Ireland Ltd. All rights reserved.

pif]dxdolorg]




DESC-2772; No. of Pages 4

(b)

Cell viabili

0
DMSO 300 600 900 1500 3000
Rhododendrol (uM)

1.2 31 .23
300 600
Rhododendrol (;

i JGrycosylaxed LAMP1

€LC31
aLC3 1

1.2 3 1
DMSO

2
300

3 1.2 3

800

2
900

Rhododendrol (uM)
Bafilomycin A1 (100 nM)

Letter to the Editor/Journal of Dermatological Science xxx (2015) XXxx-xxx

B @

NN e e
S]] s__»ta (120 hrs)
DMSO 300 600 900

Rhododendrol {(pM)

b
®) Melanin content in supernatants (mg/2.5x1050ells)
wox

ke

600 900
Rhododendrol (M)

@ Melanin content in cell lysates (mg/2.5x10° cells)

300 600 900
@ Rhododendrol (uM)

=}-Glycosylated Tyrosinase
Tyrosinase

Pmel17

1.2 31

[}

LC3/IPMEL/Hoechst 33342

LAMP1/Hoechst 33342

23123123
DMSO 300 600 900
Rhododendrol {1M)
DMSO Rhododendrol 900 uM

(x20)

Fig. 1. Cultured human epidermal melanocytes were observed under phase contrast microscopy (A (a)), assessed by MTT assay (A (b)), cultured cells with medium were
photographed (B (a)), melanin content both in culture medium (B (b)) and cell lysates (B (c)) were quantified with a Melanin Content Assay. Three days after rhododendrol
treatment at the indicated concentrations, protein expressions in cell lysates were analyzed by western blotting ((B (d), C (a, b)). Melanocytes exposed to 900 .M
rhododendrol were stained with the indicated antibodies and observed by confocal fluorescence microscopy (D).

rhododendrol treatment (Fig. S2). The p62 protein is known
to mediate degradation of ubiquitinated proteins via the
autophagosome-lysosome pathway [7], and BiP, a member of
the HSP70 family found in the ER, is a marker of ER stress
[8]. These results suggest that rhododendrol induced ubiquitin
accumulation and ER stress in melanocytes. These findings
also suggest that rhododendrol-induced ER stress might be one
cause of reduced cell viability in rhododendrol-treated mela-
nocytes.

Our results indicate that the mechanisms of rhododendrol
cytotoxicity in melanocytes is more complicated than its merely
acting as a tyrosinase analog that competitively inhibits normal
tyrosinase activity, the rate-limiting enzyme for melanogenesis.
A possible tyrosinase-mediated mechanism is that rhododendrol
reaction with tyrosinase generates reactive semi-quinone free
radicals that induce cellular stress and cytotoxicity [9,10],
and subsequently activates the autophagy-lysosomal pathway.

Simultaneously, rhododendrol inhibits cellular melanogenesis
by binding tyrosinase and by inducing autophagic melanosome
degradation. However, cytotoxicity was only induced at higher
rhododendrol concentrations or in autophagy-defective cells,
as the autophagy-lysosome system becomes overloaded and
cellular stress results from rhododendrol-originating quinenes
(Fig. 2C). This mechanism appeared to be specific as no
cytotoxicity and no activation of autophagy-lysosome pathway
were observed in cultured human primary keratinocytes or
fibroblasts (data not shown). These data suggest that an impaired
or dysfunctional autophagy-lysosome pathway in patients’
melanocytes might be one explanation of why all consumers
and all treated skin areas do not develop white blotching.
Our findings suggest a possible role of autophagy-lysosome
pathway in rhododendrol-induced depigmentation disorder, and
individual variation in autophagic function may determine
rhododendrol-application outcomes. These results expand our
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Fig. 2. Cultured human epidermal melanocytes exposed to 900 pM rhododendrol or DMSO for 72 h followed by bafilomycin A1 treatment for an additional 3 h, and then
observed by electron microscopy (A). m: melanosome; L: lysosome. Cultured human epidermal melanocytes were pretreated with 100 nM bafilomycin A1 or 100 nM
rapamycin for 3 h, followed by rhododendrol treatment for 72 h at the indicated concentrations. Cell staining with ethidium bromide (red) and Hoechst 33342 (blue) was
observed using confocal fluorescence microscope (B (a)). After these treatments, cell viability was also evaluated by MTT assay (B). Schematic illustration of the possible

mechanisms of rhododendrol-induced leukoderma (C).

understanding of the mechanisms underlying the rhododendrol-
induced leukoderma.
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An immune pathological and ultrastructural skin analysis for rhododenol-induced leukoderma patients

ABSTRACT
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cells

As reported in the mass media on July 2013, numerous consumers who had used the cosmetic ingredient
containing rhododendrol (4-(4-hydroxyphenyl)-2-butanol, Trade name; rhododenol), which is a
melanin inhibitor isolated from Acer nikoense Maxim, released from Kanebo Cosmetics Inc. (Tokyo,
Japan) noticed leukoderma patches on their face, neck and hands. We have experienced 32 cases that
developed leukoderma after using such cosmetics so far and skin biopsy samples in some cases were
obtained from both leukoderma and pigmented lesions. A histopathological analysis for skin lesions
obtained from such patients notably showed basal hypo-pigmentation, melanin incontinence, and
remaining melanocytes in most patients which is not relevant in vitiligo vulgaris. Subsequently, we
comprehensively carried out immunohistochemical analyses of immune-competent cells infiltration to
assess the effect of the cellular immune response to inducible hypopigmentation. Furthermore, detailed
morphological observations performed by electron-microscopy notably showed the presence of
melanocytes with only a small number of melanosomes, dermal fibroblasts containing melanosome
globules and melanophages whereas no damage associated with melanosome transfer and the basal
layer apparatus. These findings provide a cue to diagnose as rhododenol-induced leukoderma
differentiate from vitiligo vulgaris and for rhododendrol to induce local immunity in addition to
melanocyte damage.

© 2015 Japanese Society for Investigative Dermatology. Published by Elsevier Ireland Ltd. All rights

reserved.

Rhododenol-induced leukoderma was found to have occurred
in approximately 2% of the consumers who had used the cosmetics
containing rhododendrol and the total number of such patients is
estimated to be more than 9000 individuals. Since the products in
question produced by the Kanebo corporation had been sold on the
Asian market in not only Japan, but also in Korea and Taiwan, the
associated health hazard is thus considered to be a serious and
widespread problem. Recent research has unveiled the biochemi-
cal and physiological mechanism of melanocyte cell damage
induced by rhododenol-metabolites after tyrosinase reaction
[1,2]. Soon after rhododendrol was oxidated by endogeneous
tyrosinase in cytoplasm, the metabolite form could thus become
toxic to melanocytes due to endoplasmic reticulum and oxidative
stress production [2] in addition to NO production [3], however, it
is not yet investigated whether lesional immune reaction could
affect the pathogeny of rhdodenol-induced leukoderma. Previous-
ly, we analyzed histopathological alteration and the infiltration of
immune-competent cells in vitiligo skin followed by an investiga-
tion of the local immune milieu on melanocyte dysfunction and
disappearance in the occurrence and maintenance of vitiligo
vulgaris [4-7]. In this communication, we obtained hypopigmen-
ted skin specimens from patients and carried out an immune-
pathological analysis of 32 lesions and an ultrastructural analysis
of 6 lesions to assess morphological change of skin component cells
and local cellular immune reaction. Comprehensive infiltrating
cells number was summarized in Table 1. A small number of
melanosomes were found remaining in the basal layer while many

http://dx.doi.org/10.1016/j.jdermsci.2015.01.002

were present in the dermis, along with melanin incontinentia
(Fig. 1a). Lymphocytes were found invading with a focus on the
upper dermis in rhododenol-induced leukoderma lesions and the
mean number of CD4* T cells was significantly more abundant
compared to that of nonsegmental vitiligo lesions (Fig. 1b). Although
the MITF or MelanA-positive melanocyte count had significantly
declined compared to normal skin, complete disappearance was
observed in only 4 among 31 cases (Fig. 1c). Although recent
literatures implicated the toxicity of rhododendrol metabolite to
melanocytes in vitro, we unexpectedly observed little structural
damage of lesional remaining melanocytes (Fig. 1d). Significant
number of mature melanosomes was arranged on the periphery and
no vacuolization and no disturbance of melanin transfer were
detected [8], considering elimination of severely affected melano-
cytes by phagocytosis (Fig. 1d). The basement membrane was
observed under an electron microscope in order to clarify the cause
of melanin dripping; although destruction of the basement
membrane and hemidesmosome structure was not evident, spindle
dermal fibroblasts comprising intracellular melanosome corpuscles
wereidentified (Fig. 1e),and S-100 positive melanophages were also
found invading at a distance from the basal membrane on the upper
dermis (data not shown). The infiltration of fibroblasts containing
melanosome complex beneath a basal membrane [9] was observed
under an electron microscope in 2 cases out of 6 cases, a finding
potentially indicative of rhododenol-induced leukoderma (Fig. 1e).

At the same time, prominent cellular infiltration by the
invading inflammatory cells was observed focusing on the hair

0923-1811/® 2015 Japanese Society for Investigative Dermatology. Published by Elsevier Ireland Ltd. All rights reserved.
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Table 1

Results of an immunohistochemical analysis for immune competent cell infiltration. The data represent the mean number of infiltrating cells calculated by three independent
physicians under x100 magnification. A statistical analysis for comparison purposes was performed by using the unpaired t-test and the p-value was calculated in

comparison with that obtained from normal skin.

MelanA  $100* MITF* CD3 CD8 CD4 CD4" IL17A* Foxp3* CD20 CD56
Rhodo-induced leukoderma (n=32) 9.5+9.0°  50+54°  68.8+397 327+192° 411+175"  8.3+57 17.3£101°  1.5+23 15£33
Nonsegmental vitiligo vulgaris (n=6) 1.7£3.5"  12+17"  582£27.9° 39.5%227" 19.7+54 8.9+47 8.6+4.1 37432 45+12
Normal (n=3) 393431 321459 15225 7.8+2.4 12.3x2.1 8.5+1.0 79£32  588%11 0
" p<0.01.
” p<0.05.

follicle in the excised hair follicle sample, with the number of
inflammatory cells therein greater than those observed in
nonsegmental vitiligo even in progressive status) (Table 1). The
CD4 and CD8* T cell counts were substantially the same and the

Lesion

invasion was not CD8" cytotoxic T-cell dominant, as observed in
nonsegmental vitiligo. Although not only direct melanocyte
damage but also the induction of immunity specific for melano-
cyte-associated antigens by rhododendrol were predicted, in

Perilesion

P=0.0046
b C 50, P=0.0043
404 —2—

5 5 x

E-1

E E ==

3 3

c £

3 3 -

S a u

3 2 AT - I J \s & s &
AY
& & & o K S S ‘p\é‘ @é‘ \‘e"’\ @\é‘
& B 3
Infiltrating cells to leukoderma lesions " leukoSecrma Normalsidn
Melanocyte

Fig. 1. (a) Histological findings of rhododenol-induced leukoderma skin specimens. The upper and lower rows show H and E staining and Masson-Fontana staining,
respectively. Bar indicates 100 pm. (b) Dot plot of the immune-competent cells’ number infiltrated into rhododenol-induced leukoderma lesions. Notably, T cell infiltration
was predominant rather than the infiltration of NK cells and B cells. (c) Dot plot analysis for the number of melanocytes remaining on rhododenol-induced leukoderma
lesions. While the number of remaining melanocytes varied between each patient, only a few cases lost MelanA* or MITF* melanocytes. (d) An ultrastructural feature for
melanocyte remaining on leukoderma lesion. Visible melanosomes were mostly in stage IV and appeared to be regularly arranged along with cell membrane (left).
Intracellular organelles including mitochondria and rough endoplasmic reticulum were not notably altered. Left and right panels indicate x10,000 and x20,000 original
magnification, respectively. (e) An ultrastructural analysis for dermal fibroblasts which phagocyte melanosomes in various stages. A dermal fibroblast containing
melanosomes was detected just below the basal membrane (upper left). The melanosomes were located in the intracellular lysosome, thus indicating phagocyte and
enzymatic digestion (upper right). A higher magnification view shows no alteration of hemidesmosomes and the basal membrane (lower left). Upper left, upper right, and
lower left panels indicate x2000, x15,000, and x6000 original magnification, respectively.




Fig. 1. (Continued).

reality, a change in the inflammatory tissue of T cells accompa-
nying more general cytokine production may have been'mainly
caused. Moreover, it was suggested that the function of
restricting the autoimmune reaction was maintained more than
the prominent invasion of Foxp3* regulatory T cells, potentially
being aresult that reflects the nonspecificinflammatory response
directed to all T cells axis. NK cells and B cells were not found
substantially invading, in the same manner as in vitiligo vulgaris
[7]. Upon observation by electron microscope in this study,
melanocytes with reduced number of mature melanosomes were
observed in small quantities and edema was observed between
epidermal cells; however, no apparent damage to the epidermal
cells was observed. The skin biopsy in this study involved the
observation of skin lesions which were acquired within 2 months
following discontinuing the use of the rhododenol-containing
ingredient; however, no apparent damage to the melanocytes
predicted from past reports was observed by electron micro-
scope, and the image may have been observed following
elimination due to apoptosis, necrosis, etc. From the observation
of skin lesions under light microscopy and an electron micro-
scope in this study, it was clarified that inflammation focusing on
T cells was induced, and it is believed that future experiments
capable of mimicking in vitro or in vivo conditions is warranted in
order to determine whether or not this reaction was a secondary
phenomenon.
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Letter to the Editor

Possible involvement of CCR4*CD8"* T cells and
elevated plasma CCL22 and CCL17 in patients
with Rhododenol-induced leukoderma

Keywords:
Rhododendrol-induced leukoderma; CCR4;
CCL22; Immune response

Rhododendrol (4-(4-hydroxyphenyl)-2-butanol), brand name:
Rhododenol) is a naturally occurring phenol used in skin-
whitening cosmetics and has been reported to cause a hypopig-
mentary disorder called Rhododenol-induced leukoderma (RIL)
which developed in approximately 16,000 (2%) consumers
[1]. Recent pathological analyses of RIL have revealed a direct
cytotoxic effect of rhododendrol on melanocytes, which may
explain the loss of melanocytes in the lesional skin [1]. In addition,
we speculated that local infiltration of various immune cells may
be involved in the pathophysiology of RIL [2]. A skin homing
receptor C-C chemokine receptor type 4 (CCR4) is reported to be
expressed in a greater proportion of CD8" T cells in the blood of
nonsegmental vitiligo patients than that observed in healthy
individuals [3]. This receptor is required for skin homing of T cells
via its ligands, C-C chemokine ligand (CCL) 17 [4] and CCL22
[5]. Although CCR4 is primarily expressed on CD4" T cells and
regarded as a marker of type 2 helper T cells [6], CD8* T cells also
express CCR4. These CCR4*CD8* T cells function to secrete multiple
cytokines rather than act as cytotoxic cells [7]. We herein
investigated the frequencies of CCR4* T cells and its ligands in
the blood and lesional skin of RIL patients.

Nineteen patients who gave written informed consent were
informed in Table S1. Percentage of CCR4-expressing cells among
CD3* T cells was 27.40% in the RIL patients and 28.20% in the
nonsegmental vitiligo patients in contrast to 18.55% in healthy
controls (RIL, P=0.0282; nonsegmental vitiligo, P=0.0500;
Fig. 1A) while CCR4*CD4* T cells was not increased in the patients.
Interestingly, CCR4"CD8" T cells were significantly increased in the
patients (RIL, P=0.0109; nonsegmental vitiligo, P=0.0104;
Fig. 1B). The percentage of CCR4*CD8* T cells correlated to the
duration after withdrawal of rhododendrol before sampling
(Fig. 1C). Therefore, we focused on CCR4"CD8* T cells in the RIL
patients for further experiment. To investigate whether the
CCR4"CD8* T cells infiltrated into the RIL skins, a double
immunohistochemical analysis of CCR4 and CD8 was performed
(Fig. 1D), resulting in increased number of CCR4*CD8" T cells in the
RIL tissue samples (24.25/field for the RIL lesions compared to
6.50/field for healthy control skins; P = 0.0569) Fig. 1E). In addition,
we found significantly increased ratio of CCR4"CD8* T cells to
whole CD8* T cells in the RIL samples (39.43% for the RIL lesions

http://dx.doi.org/10.1016/j.jdermsci.2015.02.014

compared to 8.576% for the nonsegmental vitiligo lesions and
6.280% for healthy skin samples; nonsegmental vitiligo, P = 0.0498;
normal control, P= 0.0144; Fig. 1F). Peripheral blood T cells from
ten patients analyzed twice. Most of them showed reduced CCR4
expression on CD8* T cells over time (Fig. 1G). Regarding analysis
for CCR4 ligands, CCL22 was expressed by infiltrating mononuclear
cells in the lesional skin of RIL patients (Fig. 2A-C), although no
CCL17 expression was observed (data not shown). Number of
CCL22" cells was increased in vitiligo and RIL lesions compared to
healthy skins (Fig. 2D). The cells expressing CCL22 were positive
for CD1a or CD68, suggesting dermal dendritic cells or macro-
phage, respectively (data not shown). The plasma CCL17 and CCL22
concentrations were elevated in the RIL patients compared to those
in vitiligo and healthy individuals (Fig. 2E and F depicted CCL22
and CCL17, respectively).

As increased frequencies of CCR4*CD8™ T cells in the peripheral
blood have been reported in patients with cutaneous diseases, in
which immunity is regarded to be involved [3,8], we investigated
the frequency of CCR4" T cells in RIL patients in order to explore the
possible involvement of immunity and potential therapeutic
targets for this disease. Consequently, we found that the frequency
of CCR4™CD8™ T cells was increased in the peripheral blood of
patients with RIL as well as those with nonsegmental vitiligo, as
reported previously by Zhang et al. [3]. Although both the RIL and
vitiligo patients in this study showed increased frequencies of
CCRA™CD8™ T cells, these cells are expected to target different
antigens in each disorder. Pathogenic CD8" T cells in nonsegmental
vitiligo, which may express CCR4 in order to migrate into the skin,
are thought to be specific for melanocyte antigens [9]. In fact,
melanocyte antigen-specific CD8" T cells are reported to express
another skin homing marker, cutaneous leukocyte-associated
antigen (CLA) [9]. On the other hand, in patients with RIL,
considering that symptoms usually develop only at Rhododenol-
applied sites [2], CCR47CD8" T cells may target endogenous
molecules modified by rhododendrol. In addition to the specificity
of skin homing T cells, further studies focusing on the functions of
these CCR4*CD8™ T cells, such as cytokine secretion, are needed to
elucidate what role CCR4*CD8* T cells play in the pathogenesis of
these diseases. Considering that CCL22 is a dominant ligand in
inducing receptor desensitization and internalization [5], the
reduction of CCR4 expression on CD8" T cells over time may be
explained by the dominant expression of CCL22 in the lesional skin
and plasma. In cases of atopic dermatitis, CCL17/TARC is
considerably important with respect to the inflammatory process
[10]; although both CCL17 and CCL22 in plasma were increased in
the RIL patients, CCL22-assiciated chemotaxis contributing to skin
inflammation may be the more characteristic of RIL. It is limitation
of this study that specimens from 98% of the consumers without
leukoderma were not analyzed due to ethical considerations.

In conclusion, the frequency of CCR4*CD8” T cells and CCL17
and CCL22 concentrations were increased in the blood of RIL

0923-1811/® 2015 Japanese Society for Investigative Dermatology. Published by Elsevier Ireland Ltd. All rights reserved.
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Fig. 1. Increased percentage of CCR4" cells among CD8" T cells in the peripheral blood and skin of Rhododenol-induced leukoderma patients. The percentages of CCR4™ T cells
among(A) CD3" T cells, (B) CD8" T cells in the PBMCs of healthy control, nonsegmental vitiligo and RIL samples are shown. (C) Correlation between percentage of CCR4* cells in
CD8" cells and month after the withdrawal of Rhododenol-containing cosmetics. (D) Representative double immunostaining for CCR4 (green) and CD8 (red) in the RIL skin.
Inbox shows double positive cell with higher magnification. Bar indicates 100 wm. (E, F) Infiltration of CCR4*CD8" T cells into the skin of the healthy control, nonsegmental
vitiligo and RIL samples. Bars represent the median = interquartile range. *P < 0.05. (G) Percentage of CCR4" cells in CD8" cells were compared in ten RIL patients.
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Fig. 2. Increase in CCL17 and CCL22 in the plasma and skin of the Rhododenol-induced leukoderma patients. Representative immunostaining for CCL22 (red, higher
magnification view shown in box) in the lesional skin of RIL patient (A), nonsegmental vitiligo patient (B), and healthy control (C). Bar indicates 200 pwm. (D) Comparison of
numbers of CCL22* cells in the skin sample among RIL, nonsegmental vitiligo, and healthy control. Comparison of concentration of plasma CCL22 (E) and CCL17 (F) amongRIL,
nonsegmental vitiligo, and healthy control. Bars represent the median + interquartile range. *P < 0.05.




