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An immune pathological and ultrastructural skin analysis for rhododenol-induced

leukoderma patients
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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
were present in the dermis, along with melanin incontinentia
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Table 1
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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) 95+90° 50454  688+39.7 327+£192 4114175 8.3+5.7 173+£101°  15+23 15433
Nonsegmental vitiligo vulgaris (n=6) 1.7+3.5 12+17  582+27.9 395+227 197454 8.9+47 8.6+4.1 3.7+32  45+12
Normal (n=3) 393+31  321+59 152425 7.8+2.4 12.3+2.1 85+1.0 79+32  588+1.1 0
" p<001.
“ p<0.05.

(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
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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
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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.
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