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Abstract
A small proportion of individuals utilizing cosmetics containing rhododendrol developed 
leukoderma with various pathological conditions, in some cases indistinguishable from 
vitiligo. In this review, we investigate and evaluate the major considerations for devel-
oping rhododendrol- induced leukoderma based on data from original or review articles 
published in the literature to provide a wide range of information regarding the patho-
physiology, mechanisms, risk evaluation, and possible mechanism- based treatments. We 
compile and discuss the latest information, including data related to the cytotoxicity of 
rhododendrol, cytoprotective functions, and involvement of the immune system, and 
consider the possibility of novel treatments based on the differences between individual 
patients and on the mechanism underlying the onset of the condition. Understanding 
the pathophysiology of rhododendrol- induced leukoderma helps not only elucidate the 
mechanisms of non- segmental vitiligo onset and progression, but also suggests preven-
tion and treatment.
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1  |  INTRODUC TION

The Japan Dermatological Association established the “Special 
Committee on the Safety of Cosmetics Containing Rhododenol 
(idiomatic name of rhododendrol)”, chaired by Professor Kayoko 
Matsunaga, on July 17, 2013. In July 2016, the Rhododenol 
Research Team (RD- Team) was formed and commissioned by 
Kanebo Cosmetics to conduct research on the pathophysiol-
ogy and treatment for rhododendrol (RD)- induced leukoderma 
(RDL), evaluate effective treatments from a medical stand-
point, and provide information to a wide range of people. The 
present review article provides the latest information related 
to the pathophysiology and mechanism of RDL in comparison 
with generalized and progressive vitiligo, and further describes 
the risk assessment of RDL development and the possibility of 
new mechanism- based treatments, taking the diversity of de-
velopment and symptoms into account. We also consider the 
factors underlying why only 2.4% of users have developed this 
condition.

2  |  DIVERSIT Y OF CLINIC AL FE ATURES 
OF RDL

Approximately 98% of users of RD- containing cosmetics do not de-
velop leukoderma. Conversely, 2.4% users developed leukoderma 
with various pathological conditions,1 based on which the devel-
opment and healing process could be roughly classified into three 
types:2

1. Cases in which leukoderma occurred only at the site of cosmetic 
application and improved spontaneously once the application 
of cosmetics was stopped, without treatment.

2. Cases in which leukoderma occurred only at the cosmetic applica-
tion site and did not recover immediately after application of cos-
metics was stopped, but showed improvement after treatment.

3. Cases in which leukoderma occurred in areas other than the cos-
metic application site, sometimes expanding to non- application 
sites.

These findings suggest that multiple mechanisms may be in-
volved in the development and healing processes of RDL, in addi-
tion to the factors that generate individual differences in the onset 
of the condition. In particular, the third class of cases appears to 
be indistinguishable from non- segmental vitiligo. For considering 
the pathogenic mechanism of RDL as well as vitiligo, it is helpful to 
compare RDL with vitiligo in terms of clinical features and in vivo 
and in vitro studies. Table 1 presents a brief summary of such com-
parison based on representative findings from patients in addition 
to in vivo/in vitro studies; the details are described in the following 
sections.

3  |  MECHANISM OF RDL DE VELOPMENT

3.1  |  Estimation of RDL onset mechanism based on 
histopathological analysis

Histopathological analysis of specimens of RDL- affected skin, 
showed pigmentary incontinence and residual melanocytes,2 unlike 
the phenotypically similar disorder, vitiligo. Conversely, epidermal 
keratinocytes did not display notable abnormalities upon optical 
microscopic observation, whereas electron microscopic observa-
tion revealed residual melanocytes with degenerative melanosomes 
in the leukoderma lesions as a feature specific to RDL.3 Therefore, 
RD was expected to exhibit melanocyte- specific cytotoxicity as the 
other organelles remained intact.4

Infiltration of CD4+ and CD8+ T cells was also observed in im-
munohistochemical analysis; however, unlike in vitiligo, CD8+ T cells 
were not dominant, suggesting the involvement of an immune re-
sponse different from that associated with vitiligo. Together, these 
findings suggest that RDL may be caused by melanocyte damage 
and local immunoreactivity distinct from vitiligo.

3.2  |  Mechanism of melanocyte- specific 
cytotoxicity induced by RD

3.2.1  |  Analysis of cytotoxicity and tyrosinase 
enzyme reaction using a cell culture system

Experiments using human melanocytes and mouse melanoma B16 
cells, and analyses using tyrosinase enzymes have been performed, 
from which the following points were elucidated (Figure 1):

1. Specific knockdown of tyrosinase in cultured melanocytes re-
duces the cytotoxicity of RD.5 Among melanocytes derived 
from different donors, cells with high dihydroxyphenylalanine 
(DOPA)- oxidizing activity show greater damage,6 suggesting that 
melanocytes are damaged in a tyrosinase- dependent manner.

2. Kinetic analysis using RD as a substrate for mushroom tyrosi-
nase,5 and a series of studies on the absorption analysis of oxi-
dized metabolites with tyrosinase,7,8 demonstrated that RD 
(L- form, R- form, and racemic form) is a good substrate for tyrosi-
nase, and that RD quinone generates oxidized products such as 
RD catechol. In these studies, RD quinone easily reacted to form 
5- S- substituted adducts in the presence of thiol (SH) groups such 
as cysteine and glutathione, indicating the consumption of glu-
tathione and attack of protein cysteine residues.9 RD- oxidized 
metabolites were certainly detected in the in vitro enzyme re-
action as well as in the human melanocyte and B16 cell culture 
systems.6,10

3. RD induces the endoplasmic reticulum (ER) stress response and 
apoptosis in melanocytes.5,11– 13
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4. Reactive oxygen species (ROS) are generated during the process 
in which RD is oxidized by tyrosinase; or the process whereby 
oxidized metabolites undergo structural transformation via redox 
reaction.12,14– 17

5. Ultraviolet (UV)- B light increases the content of RD quinone- 
derived products in melanocytes via tyrosinase activity and may act 
as an exacerbating factor of RD cytotoxicity by inducing ER stress.18

Furthermore, experiments using B16 cells and mouse models 
showed the formation of RD- oxidized products and reactive adducts 
with cysteine, glutathione, or cysteine residues of proteins, indicat-
ing that this reaction occurs in vivo as well.10,19

The non- enzymatic attack by the SH group on RD quinone to 
form a 5- S- substituted RD catechol rather than the RD cyclic qui-
none can be theoretically explained, based on the calculation of free 
energy using the first- principles calculation method.20 In addition, 
RD eumelanin and pheomelanin are produced in B16 cells as tyros-
inase metabolites. RD eumelanin, in particular, has been shown to 
oxidize cysteine, glutathione, and ascorbic acid, depleting these an-
tioxidants and generating ROS.21

These results suggest that the generation of RD quinone, and the 
subsequent formation of oxidized metabolites by the tyrosinase ac-
tivity, increases oxidative stress owing to glutathione consumption, 
inactivation of essential proteins for survival by cysteine residue at-
tack, and generation of ROS, ultimately inducing cytotoxicity. In the in 

vitro tyrosinase reaction, generation of ROS can be confirmed when 
RD is used as a substrate;17 however, ROS in cells may or may not be 
detected, depending on the cells or experiments used. In terms of cell 
death, both apoptosis and necrosis have been reported; therefore, 
the results may differ depending on the cells and culture conditions 
used, such as the RD treatment concentration and time.5,12,14– 16

3.2.2  |  Cytoprotective factors affecting RD toxicity

Another characteristic of the RD cytotoxicity ascertained in cell 
culture systems using melanocytes or melanoma cells is that the 
concentration of toxic RD varied significantly between experi-
ments, occasionally by a difference of up to two orders of magni-
tude, resulting in an increase from the micromolar to the millimolar 
range.5,6,11,12,14,16,22,23 Moreover, occasionally no cell damage was 
observed, depending on the cells or the culture density,5,14 suggest-
ing that this may be associated with a defense mechanism against 
RD cytotoxicity. The following research results have been reported:

1. Promotion of autophagy via rapamycin reduces RD cytotoxicity; 
conversely, inhibition of autophagy increases cytotoxicity.11

2. Increased activity of NAD(P)H: quinone oxidoreductase- 1 (NQO- 
1), an antioxidant quinone reductase regulated by the transcrip-
tion factor NRF2, reduces RD cytotoxicity.22

F I G U R E  1  Mechanism underlying melanocyte- specific cytotoxicity induction and avoidance by rhododendrol (RD) (summary) [Color 
figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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3. Increasing the intracellular glutathione pool or eliminating ROS 
using N- acetyl- L- cysteine and inducing the NRF2 system reduces 
RD cytotoxicity. Conversely, knocking down NRF2 mRNA in-
creases RD cytotoxicity.16,23

4. RD activates the melanocyte NRF2 or autophagy pathway.11,23

3.2.3  |  Studies using RDL- induced animal models

It is crucial to experimentally reproduce RDL in animal models to eluci-
date its pathogenesis and pathophysiology, and to establish treatment 
methods based on research. In brown or black guinea pigs, which con-
tain melanocytes in the epidermis similar to those in humans, continu-
ous topical application of 30% RD three times a day for approximately 
20 days induced significant depigmentation, in which a decrease in 
melanin content and the DOPA-  and S100- positive epidermal mel-
anocyte count remained. Skin color recovered and the number of 
melanocytes began to increase over 30 days after application ceased, 
suggesting that RD is cytotoxic to melanocytes and induces skin de-
pigmentation. Moreover, as observed in several human cases, the 
depigmentation is reversed after discontinuation of RD application.24

Unlike guinea pigs, normal mice do not have epidermal mela-
nocytes. Therefore, models using the hk14- stem cell factor (SCF) 
transgenic hairless mice, which contain epidermal melanocytes in 
the epidermis and have a skin tone similar to that of the Japanese 
skin type, were examined.19 Application of 30% RD thrice daily in-
duced depigmentation, with melanocyte loss on day 14. Conversely, 
the number of melanocytes did not decrease in albino mice, which 
lack tyrosinase activity. These results suggest that tyrosinase- 
dependent melanocyte- specific depigmentation can be reproduced. 
Furthermore, eumelanin levels decreased at the site of RD applica-
tion, and RD quinone metabolites were formed. Additionally, elec-
tron microscopy of mouse skin revealed the existence of a bilayer 
structure, possibly resulting from the presence of melanin- containing 
autophagosomes, as well as that of a swollen endoplasmic reticulum, 
indicative of ER stress. These results suggest that the in vitro findings 
regarding RD- induced melanocyte- specific cytotoxicity were repro-
ducible in mouse models.19

Given that autoreactive CD8+ T cells were observed in the RDL, 
and its pathology may be related to an autoimmune mechanism, the 
effect of a Janus kinase (JAK) inhibitor (tofacitinib) on RDL was in-
vestigated using the SCF transgenic mice, as above;25 however, no 
significant difference was observed between the two groups follow-
ing the p.o. administration of tofacitinib 25 mg/kg/day or the vehi-
cle, suggesting that JAK inhibitors are not involved in the promotion 
of pigment regeneration or melanocyte migration.

3.3  |  Involvement of the immune system in  
RD- induced melanocyte loss

Tyrosinase peptide- specific cytotoxic T cells have been suggested to 
be involved in a melanocyte- specific cytotoxic mechanism.26 When 

T- cell lines were established from peripheral blood monocytes de-
rived from eight patients with RDL (seven of whom were HLA- DR4+), 
a tyrosinase peptide- specific T- cell response, restricted to major 
histocompatibility complex (MHC) classes I and II, was observed. It 
is assumed that the antigenicity of tyrosinase peptide is altered to a 
non- natural form upon binding to RD (a concealed antigen), and MHC- 
restricted cytotoxic T cells may specifically attack melanocytes in the 
presence of RD.26 However, there remain certain unresolved issues, 
particularly with respect to the limited number of cases, and it is un-
known whether the concealed tyrosinase antigen is actually presented 
on melanocytes. In addition, the relationship between leukoderma 
symptoms and tyrosinase reactivity remains poorly understood.

Although CD8+ T cells did not appear to be dominant in the his-
topathological analysis of RDL,3 clinical cases exist where leuko-
derma occurred in areas other than the application site.2 Therefore, 
the immune system, which has been thought to be important in vit-
iligo, was suspected to be involved in these cases. In fact, immu-
nosuppressants (such as tacrolimus) have been effective in some 
cases. Thus, a possible mechanism underlying in this condition may 
involve RD damage to melanocytes, which induces an immunological 
response and promotes lymphocyte infiltration in the affected area.

An analysis of RDL patients revealed an increase in Melan- A- 
specific cytotoxic T cells (CTL) in HLA- A*02:01+ cases, suggest-
ing that damaged melanocyte- specific protein fragments are 
recognized by antigen- presenting cells, inducing self- antigen- 
recognizing CTL.27 Notably, RDL at non- RD- application sites 
exhibits clinical symptoms similar to those of vitiligo; moreover, 
Melan- A- specific CTL may be involved in the spread of vitiligo in-
duced by other chemicals, as well as in RDL (Figure 2). However, 
it cannot be ruled out that the 28 patients included in this report 
were selected as patients who had a refractory spread of depig-
mentation and were originally vitiligo.

CCR4, a receptor for chemokines CCL17 and CCL22, that is re-
quired for T- cell homing to the skin, is primarily expressed on CD4+ 
T cells and is a marker for T- helper (Th)2 cells, but is also expressed 
on CD8+ T cells. In particular, CD8+ T cells in the blood from pa-
tients with non- segmented vitiligo express CCR4 more frequently 

F I G U R E  2  Possible involvement of innate and acquired immune 
systems in the development and maintenance of vitiligo [Color 
figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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than in those from healthy individuals.28 Nishioka et al.29 reported 
that the T- cell ratios of CCR4+ to CD8+ are significantly higher in 
peripheral blood and skin tissues from patients with RDL and vitiligo 
than in those from healthy individuals, and the ratios in peripheral 
blood decreased over time following discontinuation of RD usage. 
The authors also suggests that CCL22 and CCL17 are involved in 
RDL, and macrophages are involved in the homing of CCR4+ CD8+ T 
cells to the skin.29

Conversely, when comparing the serum levels of autoantibodies 
such as anti- thyroid peroxidase in RDL patients who did not improve 
after discontinuing use of cosmetics and those who improved, no 
statistical correlation was shown between the presence of auto-
antibodies and lack of improvement in skin symptoms. Moreover, 
although a limited number of patients were analyzed, a significant 
number of autoantibodies were detected in the serum of patients 
of vitiligo but not RDL. This suggests that the factors involved in the 
onset of vitiligo and RDL may differ.30

In addition, it has recently been reported that the anti- 
programmed death 1 antibody, a checkpoint blockade drug, causes 
vitiligo, possibly owing to an enhanced autoimmune response to me-
lanocytes. Thus, additional pathways may also need to be consid-
ered for the immunological aspects of RDL.31

3.4  |  Involvement of other cell types in RD- induced 
melanocyte loss

The involvement of keratinocytes and fibroblasts has been reported 
in the melanocyte elimination mechanism in vitiligo.32 In turn, cells 
such as mast cells, dendritic cells, and keratinocytes may be involved 
in the loss of melanocytes and in excessive pigment regeneration in 
RDL, as observed in vitiligo as well.33

3.4.1  |  Keratinocytes

In the pathogenesis of vitiligo, the response of keratinocytes as 
recipients of cytokines and danger- associated molecular patterns 
(DAMP) released when the skin is subjected to various endogenous 
and exogenous stress factors, ultimately leads to vitiligo. For exam-
ple, interferon (IFN)- γ and the nuclear protein HMGB1 stimulate 
keratinocytes to produce chemokines (CXCL9/10, CXCL16, and 
interleukin [IL]- 8, among others), which allow CD8+ T cells to mi-
grate to the skin and induce antigen- specific melanocyte damage 
(Figure 2).34,35

Genome- scale transcriptional analysis of human keratinocytes 
treated with a non- cytotoxic hydroquinone (HQ) revealed that HQ 
significantly upregulated genes associated with the IL- 17 signaling 
pathway, whereas it significantly downregulated those associated 
with melanogenesis.36 Both HQ and IL- 17 induce keratinocyte IL- 36γ 
production, and directly inhibit melanogenesis in human epidermal 
melanocytes; hence, the ability of other vitiligo risk substances to 
induce keratinocyte IL- 36γ production would be notable.

A recently proposed mechanism for the disappearance of mela-
nocytes in vitiligo lesions involves the disappearance of E- cadherin 
from melanocytes in the lesion, which decreases adhesion to kera-
tinocytes, leading to the melanocytes being excreted transepider-
mally.32 Abnormalities in adhesion molecules, other than E- cadherin 
in keratinocytes at the transition and lesion area of vitiligo, may be 
associated with adhesion between keratinocytes, melanocytes, and 
the basement membrane.

The glycoprotein non- metastatic melanoma protein B (GPNMB), 
a membrane protein known to be expressed in melanocytes and 
involved in processes such as melanosome formation, stress resis-
tance, and cell adhesion, is expressed in cultured human keratino-
cytes and in the basal layer of healthy epidermis, whereas it is absent 
in basal layer lesions in vitiligo.37 Notably, it was confirmed that IFN- γ 
and IL- 17A, which are thought to be involved in the development of 
vitiligo, suppress keratinocyte GPNMB expression.37 It has also been 
found that keratinocyte GPNMB was absent in basal layer lesions 
in RDL, and that the extracellular domain of GPNMB is released as 
soluble GPNMB, which protects melanocytes against cytotoxicity 
(unpubl. data, Professor Katayama, Department of Pigmentation 
Research and Therapeutics, Osaka City University, Osaka, Japan), 
suggesting that keratinocyte GPNMB may be involved in vitiligo and 
RDL pathology.

3.4.2  |  Resident memory T cells (TRM)

A useful model was recently proposed in which the specific 
chemokine CXCL16 is produced via an unfolded protein response 
in epidermal keratinocytes during oxidative stress, and CD103+ 
and CD49a+ TRM cells are activated to impair melanocytes.38 This 
has garnered attention as a new model of vitiligo pathogenesis, 
which links oxidative stress and the induction of autoimmune re-
sponses. An etiology has been proposed whereby ROR (retinoic 
acid receptor- related orphan receptor)- γt- induced Th17- type TRM is 
involved in psoriasis, whereas in vitiligo IL- 15 is activated and Th1- 
type TRM cells are involved, as they produce cytotoxic factors such 
as IFN- γ, granzymes, and perforin. This discovery is expected to aid 
the development of novel therapeutic agents. Similarly, RD may also 
induce oxidative stress in keratinocytes (Figure 2).38

3.4.3  |  Innate lymphocytes

A recent influential theory in the pathogenesis of vitiligo proposed 
that IFN- γ stimulates keratinocytes to produce CXCL10, which al-
lows CD8+ T cells to migrate to the skin and cause antigen- specific 
melanocyte damage.34 Consistent with this, the efficacy of a JAK 
inhibitor that blocks IFN- γ signaling in vitiligo has been reported.39 
Although several aspects of the origin of epidermal IFN- γ remain un-
clear, epidermal- resident type 1 innate lymphoid cells were recently 
reported to produce IFN- γ in response to endogenous and exoge-
nous stress stimuli (Figure 2).40 This process may thus be involved 
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in the development of chemical- induced vitiligo by phenolic com-
pounds, including RD.

3.4.4  |  Mast cells

Skin mast cells proliferate in an SCF (or KIT- ligand)- dependent 
manner; however, c- kit, the receptor for such mast cells, is also 
present on melanocytes. c- kit is reportedly upregulated in ke-
ratinocytes in vitiligo lesions,41 whereas another report claimed 
that it is downregulated.42 In turn, Kotobuki et al.43 reported that 
Th17 cells infiltrate the vitiligo- affected area, and that Th17 cell- 
derived cytokines, such as IL- 17A, play an important role in in-
ducing vitiligo. Recent reports have indicated that mast cells may 
produce IL- 17 in psoriasis,44 and may also be associated with viti-
ligo lesions and RDL.

Yasuda et al.45 reported that the number of degranulated mast 
cells significantly increased in RDL lesions, and that mast cell- derived 
factors, such as IFN- γ and IL- 17, were possibly involved in the onset, 
progress, and maintenance of vitiligo.37 In recent years, cells such as 
natural killer (NK) cells and type 1 lymphoid cells are assumed to be 
produced in the skin (Figure 2).40 It has been previously recognized 
that human mast cells have NK cell- like markers and functions.46 It 
has also been reported that connective tissue- type mast cells am-
plify the Th1 immune response via STAT4,47 and it was suggested 
that skin mast cells may be involved as IFN- γ- producing cells in ei-
ther innate or acquired vitiligo.

3.4.5  |  Langerhans cells

It has been reported that when CD1a+ Langerhans cells become en-
larged, their dendrites elongate, and the cells migrate to the basal 
layer of the epidermis in vitiligo lesions.48 The same phenomenon 
has been reported in RDL. Notably, the Langerhans cells are distrib-
uted at the same density as the original melanocytes in locations 
where the melanocytes are eliminated; therefore, the Langerhans 
cells possibly migrate to melanocyte- anchoring sites in the basal 
layer (proposed as the melanocyte niche) and inhibit melanocyte 
anchoring.

3.5  |  Mechanism of hyperpigmentation during 
pigment regeneration

Reportedly, histamine derived from mast cells, induces UV- induced 
pigmentation via histamine H2 receptors in melanocytes, and his-
tamine H2 receptor antagonists inhibit increased pigmentation.49 
Additionally, it has been reported that the mast cell- derived PAR2 
activator (tryptase) is involved in melanosome transfer from melano-
cytes to keratinocytes, and is also involved in melanin cap forma-
tion.50 This suggests that mast cells may compensate for the reduced 
melanocyte activity in vitiligo, and may be involved in the increased 

pigmentation at the periphery of vitiligo lesions. However, the pos-
sibility remains that enzymes such as tryptase act on melanocytes 
in a disruptive manner. Mast cell- derived factors, such as histamine, 
may also be involved in the increased pigmentation at the margin of 
leukoderma lesions, as observed in RDL.

3.6  |  Factors that caused individual differences in 
RDL development

The incidence of RDL is 2.4%; in most cases, the pigment regener-
ated immediately after discontinuation of RD application, although 
certain cases were noted in which the lesions spread to or devel-
oped in non- application sites after discontinuation.2 Therefore, it is 
assumed that there are specific background factors that contribute 
to melanocyte dysfunction resulting from RD use. The following 
background factors were considered based on analyses of the afore-
mentioned mechanisms.

3.6.1  |  Environmental and genetic factors that elicit 
high tyrosinase activity

Mature tyrosinase in melanosomes is essential for the production 
of RD quinone, which triggers melanocyte cytotoxicity (Figure 1),5 
and RD must be efficiently incorporated into melanosomes to act 
as a substrate. Tyrosinase- inducing factors such as UV light and cy-
tokines are thought to contribute to this process.13,18 In addition, a 
recent genome- wide association study for 147 cases and 112 con-
trols identified CDH13/T- cadherin as the strongest RDL susceptibil-
ity gene associated with tyrosinase expression as well as apoptotic 
pathway regulation.51

3.6.2  |  Detoxification of RD quinone and ROS- 
capturing ability

The resulting RD quinone is detoxified through a non- enzymatic 
reaction with intracellular glutathione or cysteine in melanosomes 
or by enzymatic reduction. Therefore, the intracellular glutathione 
or cysteine pool, the ability to activate NRF2, which activates the 
glutathione detoxification pathway, and NQO- 1 levels exert a major 
effect on RD cytotoxicity (Figure 1).16,22,23

The results of immunohistochemical studies on skin tissues 
from patients with RDL whose condition improved or was intrac-
table revealed that in the improved cases, the expression of the 
glutamate- cysteine ligase catalytic (GCLC) subunit, a glutathione 
synthase, increased in melanocytes surrounding the leukoderma 
site.45 However, there was no such increase in intractable cases.45 
Therefore, low GCLC levels and an insufficient supply of glutathione 
may constitute one of the factors that differs between improved and 
intractable cases of leukoderma. The ability to capture ROS gener-
ated by RD quinone may also affect RD cytotoxicity.
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3.6.3  |  Antigen- presenting ability of melanocyte- 
specific proteins

When melanin- specific protein fragments produced by intracellular 
RD damage are presented on MHC class I or II, they are attacked by 
cytotoxic T cells, resulting in melanocyte damage. Accordingly, it has 
been proposed that HLA- A*02:01 and HLA- DR4 are high risk factors 
for RDL development (Figures 1 and 2).26,27

The aforementioned genetic or environmental factors may be 
responsible for individual differences that determine whether leu-
koderma is induced by RD use as well as for the various individual 
differences in the pigment regeneration process after discontinua-
tion of use. Further studies are required to investigate the differ-
ences in risk factors for chemical- induced leukoderma and vitiligo.

4  |  E VALUATION OF RISK SUBSTANCES 
THAT MAY C AUSE CHEMIC AL-  INDUCED 
VITILIGO

Oxidative stress is considered as an environmental risk factor in the 
development of chemical- induced leukoderma as well as vitiligo. When 
considering the risk of developing chemical- induced vitiligo, it is im-
portant to evaluate, in advance, the substances that may cause leuko-
derma, and to use the results to form a comprehensive risk assessment.

4.1  |  Risk evaluation using in vitro studies or 
cultured cells

Given that cytotoxicity is triggered by the tyrosinase- mediated con-
version of RD to RD quinone, there are two primary methods for risk 
evaluation: method 1 evaluates whether RD quinone is formed (i.e., 
whether it becomes a substrate) using mushroom or human- derived 
tyrosinase;8 and method 2 evaluates whether the cells show cyto-
toxicity using melanocytes or melanoma cells.12

An issue with using tyrosinase, as in method 1, is that mush-
room tyrosinase has a very broad substrate specificity and can 
react with substances that are not considered to pose the risk of 
chemical- induced leukoderma or vitiligo. Conversely, although 
human tyrosinase may have a high substrate specificity owing to the 
narrow inhibitor spectrum of phenolic compounds,52 this method 
poses a challenge because of the difficulty of preparation. Tyrosine 
is a natural substrate, and is abundant in living organisms; therefore, 
it is necessary to establish a complex evaluation criterion, includ-
ing transfer into melanocytes and melanosomes, affinity with ty-
rosinase, and the reactivity (stability) of the quinone formed in the 
presence of physiological concentrations of tyrosine.

In turn, the most significant challenge to cell- based evaluation 
(method 2) is the difficulty in standardizing the evaluation results (e.g., 
reproducibility, fluctuation of cytotoxicity owing to cell culture condi-
tions, and difference in results depending on the cells). In fact, reported 
RD melanocyte cytotoxic IC50 values range from concentrations of a 

few μmol/L to more than 10 mmol/L.5,6,11,12,14,16,22,23 This is because 
the presence of defense functions in cells, typified by the NRF2 and 
ER stress response systems, and fluctuations in tyrosinase activity, 
which contribute to quinone production, constitute a significant and 
integral part of the evaluation results. Thus, it is necessary to estab-
lish a standard cell line wherein these factors can be controlled, and 
preferably, establish an evaluation method that will give uniform re-
sults, irrespective of the site of evaluation.

4.2  |  Risk evaluation using animals

As mentioned previously, it was possible to induce leukoderma through 
the daily application of 30% RD in evaluation systems using brown and 
black guinea pigs with epidermal melanocytes, and using hk14- SCF 
transgenic hairless mice with skin color similar to the Japanese skin 
type. Moreover, Iida et al.53 reported an evaluation system using mouse 
tail skin. The authors noted that the epidermal melanin density and the 
number of melanocytes in the mouse tail were greater by more than 
50 and 4.5 times, respectively, than those in the dorsal skin. Therefore, 
they evaluated the risk of chemical- induced leukoderma caused by RD 
and raspberry ketone, which has a similar structure. They confirmed 
mild yet detectable depigmentation after 4 weeks of application of the 
drug at a concentration of 2% and confirmed a reduction in melanin 
levels as well as in the number of TRP- 2+ melanocytes by 14 weeks. 
Although this is proposed as a suitable risk assessment method that 
does not require UV irradiation or genetic modification, it is considered 
to be a model for evaluating chemical- induced leukoderma where pig-
ment regeneration is observed after discontinuing application. Further 
verification is required to determine the reversibility of depigmenta-
tion, and in similar substances that have not been reported for vitiligo, 
to enable the use of this method as a risk assessment system.

As mentioned above, only partial evaluation of substances that 
pose a risk of inducing chemical- induced leukoderma or vitiligo is 
possible in both in vitro and in vivo systems. Moreover, there are 
currently no signs of progress in the establishment of an evaluation 
system involving the immune system.

5  |  FUTURE DIREC TIONS WITH 
CONCLUDING REMARKS

Several agents have potential as novel treatments, based on the 
mechanism underlying RD development described in the text and 
the latest findings regarding vitiligo. These include signal transduc-
tion inhibitors,54,55 biologics,56,57 or promising application of epi-
dermal cells58– 61 and stem cells, such as iPS cells and Muse cells to 
regenerative medicine for vitiligo treatment.62,63 Now, the investiga-
tion of blood biomarkers and international standardization of treat-
ment evaluation methods are being in progress conducted by Vitiligo 
Global Issues Consensus Conference Workshop (VGICC).64 After 
enough discussion and evaluation by global members, new therapies 
will be introduced and applied to refractory RD patients.
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