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Abstract 
Although perifollicular repigmentation in the vitiligo lesions is owing to acti-
vation of follicular melanocyte stem cells and/or precursor cells followed by 
supplying matured melanocytes, the underlying mechanism of diffuse repig-
mentation on the whole vitiligo surface remains still unknown. In addition to 
the presence of remaining melanocytes, it is conceivable that dermal melano-
cyte precursor cells contribute to induce diffuse repigmentation after treat-
ment. Therefore, we investigated here whether dermal and follicular melano-
cyte precursor cells were reduced or not in vitiligo lesions. We performed an 
immunostaining for Nestin and p75NGFR as dermal melanocyte precursor 
cells and MITF/Fzd4 as follicular melanocyte precursor cells and compared 
the positive cells number between lesions and non-lesions (n = 11). Although 
MITF+/Fzd4+ cells in the hair follicle were significantly decreased in number 
in the lesions, Nestin+ and p75NGFR+ cells were not. This result indicates that 
dermal precursor cells could be retained in the vitiligo lesions but be dis-
turbed to differentiate into matured melanocytes. 
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1. Introduction 

Vitiligo is an acquired pigmentary disorder caused by the failure of epidermal 
melanocytes and the pathological autoimmunity and oxidative stress responses 
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to melanocytes are thought to eliminate mature melanocytes [1]. Melanocyte 
precursor cells located in not only the hair follicle but also dermis potentially 
supply epidermal melanocytes when repigmentation takes place [2] [3]. In clini-
cal aspect, there are three repigmentation patterns after proper vitiligo treat-
ment: perifollicular; marginal; and diffuse. In the perifollicular pattern, melano-
cytes are believed to migrate from the pores to the epidermis, supplying mature 
melanocytes. The marginal pattern is believed to be the mechanism by which 
melanocytes migrate from the marginal region. The diffuse pattern is believed to 
take place under the mechanism by which inactivated melanocytes and melano-
cyte precursor cells in the vitiligo region are activated [4]. Melanocyte precursor 
cells in not only hair follicles but also in the dermis are considered essential for 
supplying mature melanocytes that produce melanosome, especially in hairless 
vitiligo regions. Therefore, in this study, we performed immunostaining of the 
skin of vitiligo patients using Nestin and p75NGFR, which are the neural stem 
cell markers, MITF, which is a melanocyte transcription factor marker, and friz-
zled 4 (Fzd4), which is a Wnt signal receptor, in order to analyze how many 
dermal melanocyte precursor cells and follicular melanocyte precursor cells ex-
isted. 

2. Material and Methods 

Table 1 summarizes clinical data of 11 vitiligo patients enrolled in this study. 
The study was approved by the research ethics committee of the graduate school 
of medicine, Osaka University (approval number: 13421-14, approval date: 
2022.01.21). After obtaining the patient’s written consent, skin biopsy specimens 
from vitiligo lesions, non-lesions, and repigmented lesions obtained from 2019 
to 2021 were immunohistochemically stained with Nestin, p75NGFR, and 
MITF/Fzd4. Representative positive staining for each marker is shown in Figure 
1. The detail information of antibodies used in this study was summarized in 
Table 1. Using Nestin and p75NGFR as markers for dermal melanocyte precur-
sor cells as well as MITF/Fzd4 as markers for follicular melanocyte precursor 
cells, the number of positive or double positive cells for each marker was signifi-
cantly compared by a paired t-test. The <0.05 of p-value was defined significant. 
Three independent dermatologists counted the positive cells number and those 
averages were used for statistical analysis. 
 
Table 1. The antibodies’ information used for immunohistochemistry. 

Marker Clonality Antibody clone Bland/# Marker description 

Nestin Mouse mono 2C1.3A11 Abcam/ab18102 Neural stem cell 

NGFRp75 Rabbit mono EP1039Y Abcam/ab252987 Nerve growth factor 

MITF Rabbit poly - 
Sigma-Aldrich/ 

HPA003259 
Melanocyte 

transcription factor 

Fzd4 Rabbit poly - Millipore/07-2166 Wnt signal receptor 
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Figure 1. Melanocyte precursor cells were present in the vitiligo skin. (a) Immune stain-
ing for Nestin on the representative vitiligo lesion. The Nestin+ cells were indicated by 
arrowheads and magnified in the left inner box. Scale bar denotes 100 μm. (b) Immune 
staining for p75NGFR on the representative vitiligo lesion. The p75NGFR + cells were in-
dicated by arrowheads and magnified in the left inner box. Scale bar denotes 100 μm. (c) 
The double positive cells for MITF (red) and Fzd4 (green) notably located on the infun-
dibular follicle in non-lesion. The double positive cells (pink) were indicated by arrow-
heads. Scale bar denotes 100 μm. 

3. Results 

The enrolled patients’ age ranged from 8 - 79 years old with three females and 
eight males. Ten patients except one were nonsegmental type. Skin samples were 
collected from head and neck (n = 1), body trunk (n = 3), and limb (n = 7) 
while the non-lesions were considered to be pigmented skins a few centimeters 
away from the lesional border. Among patients in whom repigmentation was 
observed, two patients had the diffuse pattern while one patient had the perifol-
licular pattern (Table 2). Representative immune-staining for Nestin and 
p75NGFR in lesions supposed the positive cells were located on the upper der-
mis (Figure 1(a) and Figure 1(b)). MITF+/Fzd4+ cells were detected on the in-
fundibular follicle in non-lesion (Figure 1(c)). We compared the number of 
positive cells from lesions and non-lesions. Although we expected that the 
number of Nestin+ cells and p75+ cells would decrease in the vitiligo lesions 
which lacked matured melanocytes, there was no significant difference in the 
number of positive cells for both markers. (Figure 2(a) and Figure 2(b)) This 
result suggested that dermal melanocyte precursor cells detected by Nestin or 
p75NGFR remained quiescent not deleted in vitiligo lesions. Subsequently, when 
MITF+/Fzd4+ cells in the hair follicle were compared, there was a significant de-
crease in the lesions compared with non-lesions. On the other hand, MITF+/Fzd4+ 
cells remained in 54.5% of the vitiligo lesions, supporting the fact that there is 
potential for repigmentation even if it seems to exhibit clinical aspect of com-
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plete depigmentation (Figure 2(c)). The number of MITF+/Fzd4+ cells on the 
repigmented lesion was comparably recovered to the non-lesional level. 
 

 

Figure 2. No statistical change in the number of Nestin and p75NGFR positive cells be-
tween vitiligo lesions and non-lesions. (a) The paired-comparison of the number of der-
mal Nestin+ cells between vitiligo lesion and non-lesion. (b) The paired-comparison of 
the number of dermal p75NGFR+ cells between vitiligo lesion and non-lesion. (c) The 
paired-comparison of the number of MITF+/Fzd4+ cells in follicular regions between viti-
ligo lesion and non-lesion. 
 
Table 2. Patients’ profile enrolled in this study. 

Patient number (n) 11 

Age (yrs) 8 - 79 

Gender 
 

F 3 

M 8 

Vitiligo type 
 

Nonsegmental 10 

Segmental 1 

Biopsy site 
 

Head and neck 1 

Trunk 3 

Extremity 7 

Acral 0 
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4. Discussion 

In this study, we focused on the remaining and localized immature melanocytes 
which were essential for repigmentation from vitiligo lesions, and examined 
those markers reported in human skin. The importance of supplying mature 
melanocytes from follicular melanocyte stem cells or melanoblasts has been 
proposed as a mechanism for repigmentation. When these precursor reservoir 
cells are completely depleted, repigmentation cannot be expected with conserva-
tive treatments other than surgical supply. However, that does not sufficiently 
explain why repigmentation occurs in hairless regions and why diffuse repig-
mentation that does not match hair follicles occurs [5]. Therefore, it is possible 
that melanocytes may be supplied not only from the epidermis but also from the 
dermis. As a result of identifying and tracking p75NGFR+ cells in the dermis us-
ing human artificial skin without hair follicles, it was reported that p75NGFR+ 
cells could migrate to the epidermis and differentiate into mature melanocytes, 
suggesting the possibility of the presence of dermal melanocyte precursor cells in 
human skin [2]. In addition, it has been reported that one of the reasons for the 
presence of diffuse repigmentation is the presence of immature melanocytes in 
the vitiligo epidermis and that reactivation of the cells may also cause pigment 
regeneration [4]. More Nestin-positive melanocyte precursor cells infiltrated in-
to the vitiligo dermis using both Narrowband UVB and tacrolimus [3]. Based on 
these reports, we used two markers, p75NGFR and Nestin, as markers for der-
mal melanocyte precursor cells. Comparing the number of positive cells of these 
two markers in the vitiligo and non-lesions, unexpectedly, there was no signifi-
cant difference between the two markers, with many positive cells identified in 
the vitiligo region as well. This indicates that depletion of dermal melanocyte 
precursor cells in vitiligo lesions cannot be simple cause in which mature mela-
nocytes are not supplied, but rather suggests the existence of unknown regulato-
ry mechanism for maintaining the function of dermal melanocyte precursor 
cells. Moreover, the stimulation or differentiation of melanocyte precursor cells 
may accelerate repigmentation in vitiligo lesions. 

Subsequently, Fzd markers were used to identify follicular melanocyte imma-
ture cells that mainly contribute to follicular repigmentation [6] [7]. Fzd is a 
Wnt pathway receptor that is more often expressed in immature melanocytes 
and is considered to be a signal serving in the maintenance of melanocyte stem 
cells [8]. Since MITF+/Fzd4+ cells were significantly more abundant in non-lesional 
hair follicles, it is believed that those cells were able to enrich immature melano-
cytes in the hair follicles. On the other hand, Nestin+ cells and p75NGFR+ cells in 
the dermis were not identical, therefore, we believe that it will be necessary to 
identify the more specific markers including Wnt signaling-related molecules [9] 
other than Nestin or p75NGFR for melanocyte precursor cells in the human 
skin. Although other specific markers for melanocyte are expected to be devel-
oped in further analysis, we demonstrated here that dermal precursor cells were 
retained in the vitiligo lesions. Clarifying the phenotypic characters of Nestin or 

https://doi.org/10.4236/jcdsa.2023.131004


A. Tanemura et al. 
 

 

DOI: 10.4236/jcdsa.2023.131004 43 J. Cosmetics, Dermatological Sciences and Applications 
 

p75NGFR positive cells and dissolving the mechanism that controls the differen-
tiation, function, and migration of dermal melanocyte precursors in vitiligo le-
sions would lead to develop novel therapies that promote diffuse repigmenta-
tion. 

Limitation of this study is small sample number analyzed and skin biopsy 
from various not specific body sites which could cause unstable result. Further 
investigation is required to strengthen the presented conclusion with larger 
number and homogeneous patient cohort. 

5. Significance 

This is first report to demonstrate that dermal melanocyte precursor cells were 
retained even on the vitiligo lesions in stable state while follicular precursors 
were significantly reduced or depleted. Our unique observation and results sug-
gest that the retaining dermal melanocyte precursor cells contribute diffuse pat-
tern of repigmentation after treatment and that exploring a mechanism to in-
duce migration and differentiation of melanocyte precursors leads to develop a 
unique treatment for intractable vitiligo.  
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Abbreviation 

Frizzled4: Fzd4.  
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