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Expression of Epidermal c-Kit+ of Vitiligo Lesions Is 
Related to Responses to Excimer Laser
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Background: The survival and growth of melanocytes are 
controlled by the binding of stem cell factor to its cell surface 
receptor c-kit+ (CD117). We have observed that c-kit+ mel-
anocytes existed in some lesions of vitiligo, while Melan A+ 
cells were absent. Objective: To verify possible relation be-
tween c-kit+ expression and treatment response in non-seg-
mental vitiligo lesions Methods: Skin biopsies were done 
from the center of the 47 lesions from the 47 patients with 
non-segmental vitiligo. Expression of c-kit+ and Melan A, 
and amounts of melanin in the epidermis were assessed in 
each lesion, and treatment responses to excimer laser were 
evaluated. Results: Thirty-five of the 47 lesions (74.5%) had 
c-kit+ phenotypes. There was significant difference of c-kit 
staining value between good responders in 3 months of ex-
cimer laser treatment (average of 24 sessions) and the others. 
Conclusion: c-Kit expression in vitiliginous epidermis may 
be related to better treatment responses to excimer laser. 
(Ann Dermatol 28(4) 457∼463, 2016)
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INTRODUCTION

There is as yet no agreement on the clinical evaluation 
system in vitiligo and the clinical course of nonsegmental 
vitiligo is variable1-3.
Usually, the onset of vitiligo is insidious and asympto-
matic, and involves the formation of one or more macules 
initially1. Curiously, the exact appearance of early lesions 
is unclear, but it is probable that the ‘early’ macules grad-
ually tend to lose pigment until it becomes completely 
white; it then enlarges centrifugally. It is generally be-
lieved that prompt treatment of ‘early’ lesions leads to bet-
ter treatment response since melanocytes (MC) are still 
present in them1,2. However, this hypothesis has not been 
tested and indeed, the exact criteria of ‘early’ lesions are 
unclear. The survival of precursor MC or existence of 
some melanogenic functions of melanogenesis would well 
define the characteristics of ‘early’ thus responsive vitiligi-
nous lesions rather than simple categorization by the dura-
tion of lesions. We have often seen the abundance of 
c-kit+ MC while Melan A+ MC were not present on skin 
biopsy of vitiligo. c-Kit+ seems to be expressed on the 
nonfunctional but survived MC.
The survival and/or growth of MC, and melanogenesis are 
controlled by the binding of stem cell factor (SCF) to its 
cell surface receptor c-kit+ (SCF receptor, CD117)4-9. 
Interestingly, in previous studies, reduced expression of 
c-kit+ on MC is initiated by cytotoxic CD8+ T-lympho-
cytes7, which destabilize c-kit+ and lead to dysfunction of 
MC in hypopigmented mycosis fungoides5,6. Also, the 
presence of vitiligo in malignant melanoma has been re-
ported, and c-kit+ is thought to be partly responsible for 
the dysfunction and loss of MC observed in vitiligo10. In 
addition, the expression of c-kit+ was reported to be es-
sential for MC survival from radiation injury11.
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To induce repigmentation in vitiligo, a 308 nm excimer la-
ser have been successfully used for an average of 24 to 48 
sessions2,12,13. Ultraviolet B (UVB) irradiation augments 
the expression of membrane-bound SCF in epidermal ker-
atinocytes, and the SCF activates neighboring MC via their 
kit receptors; thus for example, injection of kit-inhibitory 
antibody abolishes UVB-induced pigmentation14. In pre-
vious studies, decreased signaling via SCF/SCF receptor 
and diminished tyrosinase expression may cause complete 
loss of MC function at the lesional vitiligo skin15. In addi-
tion, even single UVB exposure stimulated the expression 
of kit in human MC via increasing level of microphthalmia- 
associated transcription factor (MITF)16.
Therefore, on these backgrounds, we hypothesized that 
(1) higher expression of c-kit+ is a good indicator of 
‘early’ lesion of vitiligo and (2) the response of vitiligo to 
excimer laser may be related with the level of epidermal 
melanocytic expression of c-kit+ of vitiliginous lesions.

MATERIALS AND METHODS
Patients

Patients who received a skin biopsy and excimer laser for 
non-segmental vitiligo at Asan Medical Center, Seoul, 
Korea, from March 2005 to December 2010 were en-
rolled in this study. Non-segmental vitiligo was diagnosed 
by physical examination and confirmed by histological ex-
amination from a punch biopsy of the center of the depig-
mented macules or patches. Excimer laser treatment was 
started at 5 to 7 days after the skin biopsy. To evaluate the 
response of excimer laser, patients who received regular 
treatment at least for 12 weeks (24 sessions) with excimer 
laser were included. Patients were excluded if they had a 
history of any previous (at least 3 months prior to the start 
of the study) treatment for vitiligo. The study was ap-
proved by the local ethical committee, and informed con-
sent was obtained. This clinical study was approved by 
the Institutional Review Board of Asan Medical Center 
(IRB no. S2013-1483-0001).

Treatment protocol

In our study, we used excimer laser (PHAROS EX-308 ex-
cimer laser; Ra Medical Systems, Carlsbad, CA, USA) to 
treat patients with nonsegmental vitiligo. Since most pa-
tients had Fitzpatrick skin types III, or IV, the minimal er-
ythema dose was not calculated. An initial dose of 100 
mJ/cm2 was started in all patients and treatment was ad-
ministered twice weekly for 12 weeks. The dose was in-
creased by 20 mJ/cm2 weekly.

Clinical assessment

All patients were examined by the same dermatologist and 
photographs were taken at each visit to document the ex-
tent of repigmentation. All photographs were taken under 
strict and uniform conditions for constant settings. 
Response to treatment was assessed objectively by com-
parison of photographs taken before and at the 12 weeks 
(24 sessions of excimer laser) after the initiation of therapy. 
According to the extent of repigmentation relative to base-
line status, lesions who responded to excimer laser ther-
apy were classified into group A (good responder; ≥50% 
repigmentation, score 3 and 4), group B (moderate res-
ponder; 25%∼50% repigmentation, score 2) and group C 
(poor responder; ＜25%, score 0 and 1). The clinical out-
come score was defined to be 4 if repigmentation 75%∼

100%, 3 if repigmentation 50%∼75%, 2 if repigmentation 
25%∼50%, 1 if repigmentation 0%∼25%, and 0 when 
no repigmentation.

Skin biopsy, immunohistochemistry and image analysis

Skin biopsies were obtained from 47 lesional skin of the 
47 patients and from nonlesional normal skin of the 5 
patients. Hematoxylin and eosin (H&E), Fontana-Masson 
stainings were performed. Immunohistochemical staining 
was performed on 4-μm-thick, formalin-fixed, paraf-
fin-embedded tissue sections using antibodies against 
Melan A (DAKO, Glostrup, Denmark), CD8 (Santa Cruz 
Biotechnology, Santa Cruz, CA, USA) and c-kit+ (CD117, 
Santa Cruz Biotechnology) in a Ventana autostaining sys-
tem (Ventana Medical Systems Inc., Tucson, AZ, USA). 
Image analysis was performed using Image Pro Plus 
Version 4.5 (Media Cybernetics Co., Silver Spring, MD, 
USA). The amount of melanin was recorded as the per-
centage of pigmented area (PA) to measured epidermal 
area (EA) (PA/EA, ×100, %); Fontana-Masson staining 
value. Epidermal c-kit+ and CD8 expression was meas-
ured as the percentage of stained area (SA) to measured 
EA (SA/EA, ×100, %); c-kit+ staining value and CD8 
staining value, respectively. The number of Melan A+ MC 
per 1 mm length of the rete ridge (1R) (MC/1R); Melan A 
staining value.

Statistical analysis

Statistical comparison of the results was performed by us-
ing Kruskal-Wallis test between group A, B, and C. 
Mann-Whitney U test was used to assess statistical sig-
nificance of differences not only between normal skin and 
vitiligo lesions but between each group (group A, B, and 
C). Multiple logistic regression model was used to analyze 
the association between the degree of c-kit+ and CD8 
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Table 1. Demographic characteristics of 47 vitiligo patients

Characteristic Value

Age (yr) 37.5 (4∼79)
Sex
 Male 24 (51.1)
 Female 23 (48.9)
Disease duration (mo) 32.7 (1∼120)
Location of lesion
 Face/neck 15 (31.9)
 Trunk 14 (29.8)
 Extremities 18 (38.3)

Values are presented as mean (range) or number (%). 

Table 2. Clinical, histological and immunohistochemical characteristics

Characteristic Total

Response (repigmentation)

p-value*Group C 
(poor, ＜25%)

Group B 
(moderate, 25%∼50%)

Group A 
(good, ≥50%)

Patient no. 47 (100.0) 16 (34.0) 16 (34.0) 15 (31.9)
Age (yr) 37.5±22.3 35.3±22.2 41.6±22.6 35.5±22.9 0.733
Gender 0.580
 Male 24 (51.1) 10 (62.5)  7 (43.8)  7 (46.7)
 Female 23 (48.9)  6 (37.5)  9 (56.3)  8 (53.3)
Location 0.097
 Acral or genital  2 (4.3)  0  0  2 (13.3)
 Others 45 (95.7) 16 (100.0) 16 (100.0) 13 (86.7)
Disease duration (mo) 32.7±44.8 35.7±39.1 34.3±60.1 27.8±33.0 0.490
Spread 0.924
 Absent 32 (68.1) 11 (68.8) 10 (62.5) 11 (73.3)
 Present 15 (31.9)  5 (31.3)  6 (37.5)  4 (26.7)
c-kit+ staining value (%) 1.39±1.44 0.61±0.54 0.98±1.15 2.67±1.57 ＜0.001
MC/1R (Melan A staining value) 1.05±1.98 0.79±1.35 0.85±1.88 1.54±2.60 0.825
Fontana-Masson staining values (%) 0.10±0.15 0.11±0.14 0.13±0.19 0.07±0.10 0.809
CD8 staining value (%) 0.35±0.72 0.28±0.94 0.40±0.75 0.37±0.34 0.071

Values are presented as number (%) or mean±standard deviation. *Kruskal-Wallis test for age, disease duration c-kit+, the number 
of melanocytes per 1 mm length of the rete ridge (MC/1R), Fontana-Masson and CD8, Fisher exact test for gender, location and spread.

staining and the effectiveness of excimer laser, adjusting 
for possible confounding factors. Statistical analyses were 
performed using IBM SPSS Statistics ver. 19.0 (IBM Co., 
Armonk, NY, USA). A significant probability less than 
0.05 was considered statistically significant.

RESULTS
Baseline characteristics

A total of 47 patients with nonsegmental vitiligo were di-
agnosed with skin biopsy and treated with excimer laser. 
The characteristics of the 47 patients are summarized in 
Table 1. Twenty-four patients (51.1%) were men and 23 
(48.9%) were women; their ages ranged from 4∼79 years 
with a mean age of 37.5 years. The duration of disease 

ranged from 1 to 120 months (mean 32.7 months). The lo-
cation of lesion was extremities (38.3%, n=18), face and 
neck (31.9%, n=15) and trunk (29.8%, n=14).

Assessment of clinical efficacy

Forty-seven patients were evaluated at the time after ex-
cimer laser treatment for 12 weeks. Repigmentation score 
of the lesions varied and recorded as follows. Forty-four 
patients (93.6%) were observed with repigmentation of vi-
tiligo lesions and the other three patients presented no 
repigmentation. Classification of lesions was as follows; 
group A (31.9%, n=15), group B (34.0%, n=16) and group 
C (34.0%, n=16) (Table 2).
Duration of disease did not show significant difference be-
tween each group (p=0.490) (Table 2). Good repigmenta-
tion (≥50%, score 3 or 4) of lesions was more often seen 
in face/neck (40.0%) compared to those of the trunk (28.6%).

Histological and immunohistochemical findings

In vitiligo lesions, epidermal MC and melanin were mark-
edly reduced and a mild perivascular lymphocytic infiltra-
tion was observed in H&E sections. Table 2 shows 
Fontana-Masson, Melan A, c-kit+, and CD8 staining val-
ues of vitiligo lesions.
Comparisons of the mean staining values in c-kit+, 
Fontana-Masson, Melan A, and CD8 between nonlesional 
normal skin and vitiligo lesions were shown in Table 3.
Fontana-Masson staining values in vitiliginous lesional epi-
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Table 3. Comparisons of the mean staining values in c-kit+, Fontana-Masson, Melan A, and CD8 between nonlesional normal skin
and vitiligo lesions

Staining value
Nonlesional 
normal skin

Vitiligo lesions p-value*
Ratio of staining in vitiligo lesions 
to the mean in normal skin (%)

c-Kit+ staining value (%)  1.60±1.10 1.39±1.44 0.343 87.1±13.2
MC/1R (Melan A staining value) 11.90±1.17 1.05±1.98 ＜0.001 8.8±2.4
Fontana-Masson staining values (%)  6.44±1.22 0.10±0.15 ＜0.001 1.6±0.3
CD8 staining value (%)  0.12±0.22 0.35±0.72 0.738 288.6±85.6

Values are presented as mean±standard error. MC/1R: the number of melan A+ melanocytes per 1 mm length of the rete ridge. 
*Mann-Whitney U test.

Fig. 1. There was apparent difference of c-kit+ staining value 
between good responders (group A) and the others by 
Mann-Whitney U test (p＜0.05).

dermis ranged from 0 to 0.55 (mean 0.10). Melan A stain-
ing values in vitiliginous lesional epidermis ranged from 0 
to 7.15 (mean 1.05). c-Kit+ staining values in vitiliginous 
lesional epidermis ranged from 0 to 5.97 (mean 1.39). 
And CD8 staining values in vitiliginous lesional epidermis 
were ranged from 0 to 3.78 (mean 0.35) (Table 3).

Correlation of levels of expression of epidermal c-kit+ 
and CD8 and clinical response

Compared to normal skin (Fontana-Masson 6.44±1.22, 
Melan A 11.90±1.17), vitiligo lesions (Fontana-Masson 
0.10±0.15, Melan A 1.05±1.98) were seen with much 
less Fontana-Masson and Melan A+ cells (both p＜0.001, 
Table 3). Fifteen of the 47 patients (31.9%) were good res-
ponders (group A) and they had higher c-kit+ staining val-
ue (mean 2.67±1.57). Sixteen of the 47 patients (34.0%) 
were poor responders (group C) and the lesions were 
measured with lower c-kit+ staining value (mean 
0.61±0.54) (Table 2). There was apparent difference of 

c-kit+ staining value between good responders (group A) 
and the others (Fig. 1). Patients with stronger c-kit+ ex-
pression (measured values ≥1.5) had disease duration of 
less than 3 years (mean 29.5 months) and patients with 
weaker c-kit+ expression (measured values ＜1.5) had 
disease duration of more than 3 years (mean 37.5 
months). These findings suggest ‘good responder’ vitiligo 
lesions showed significantly more expression of epidermal 
c-kit+ compared to ‘poor responder’ vitiligo lesions (p＜ 

0.001), and vitiligo patients with higher c-kit+ expression 
showed nonsignificant tendency of earlier stage of vitiligo 
(p=0.190). But the amount of melanin (Fontana-Masson), 
epidermal infiltration of CD8+ cells and the levels of 
Melan A which is used as markers of melanogenic activity 
of MC were not different between good responder 
(Fontana-Masson value 0.07±0.10, CD8 value 0.37±0.34, 
Melan A value 1.54±2.60) and poor responder (Fontana- 
Masson value 0.11±0.14, CD8 value 0.28±0.94, Melan 
A value 0.79±1.35) by image analyzer. The representa-
tive figure is shown in Fig. 2 which shows a representative 
pictures of the staining of Fontana-Masson, Melan A, and 
c-kit+ in normal skin, good responder (group A) and poor 
responder (group C) vitiligo lesions (Table 2). The multi-
variable analysis for the association between the degree of 
c-kit+ and CD8 staining and good response after excimer 
laser treatment using multiple logistic regression was 
shown in Table 4. The degree of c-kit+ staining showed 
correlation with the clinical reponse, but the degree of 
CD8+ T cells infiltration did not.

DISCUSSION

Excimer laser and narrow band UVB treatment have re-
mained the most effective treatment for vitiligo17. 
Although the mechanism is still unclear, UVB stimulates 
migration of MC from niches in the hair follicles, as well 
as their proliferation. UVB may also stimulate keratino-
cytes to secrete cytokines including SCF that act on MC, 
leading to melanogenesis. And it also upregulates ex-
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Fig. 2. Immunohistochemical staining for Fontana-Masson, Melan A, and c-kit+ (CD117) in sections of normal skin epidermis (A∼C), 
good responder vitiligo lesions (D∼F), and poor responder vitiligo lesion (G∼I). Strong c-kit+ expression is present in normal epidermis 
(C) and moderate c-kit+ expression is present in good responder vitiligo lesional epidermis (F) compared to negative or almost negative 
c-kit+ expression in poor responder one (I). A∼I: ×200.

Table 4. Multivariable analysis for the association between the 
degrees of c-kit+ and CD8 staining and good response after 
excimer laser treatment using multiple logistic regression

Factors
Odds ratio 

(95% confidence interval)
p-value

Epidermal c-kit+ staining 1.045 (1.015∼1.075) 0.003
Epidermal CD8 staining 0.996 (0.993∼1.000) 0.035

The odds ratio and its confidence interval are calculated on the
basis that each factor is expressed as the percentage compared
with the mean in normal skin.

pression of kit in MC16,18. Several keratinocyte-derived fac-
tors including SCF are activators of MC and regulate skin 
pigmentation4. Decreased SCF expression by keratino-
cytes in vitiliginous skin is implicated in the apoptosis and 
loss of MC4. Kit (SCF receptor) is well known to play a reg-
ulatory role in normal human pigmentation, and dysfunc-
tion of kit results in several cutaneous depigmentary dis-
orders, such as vitiligo14-16,18. Previous studies suggested 
that the reduced levels of c-kit+ and its downstream tar-

gets in MC are correlated with the dysfunction or loss of 
MC in vitiliginous epidermis15,16,18. In our results using 
normal skin and vitiligo, there were c-kit+ + dermal cells 
which are composed of mostly dendritic cells and mast 
cells. c-Kit+ signaling is also known as important in eryth-
ropoiesis, lymphopoiesis, mast cell development and ga-
metogenesis15,16,18. In our study, epidermal c-kit+ ex-
pression was focused since in epidermis, MC or MC pre-
cursor cells have c-kit+ and the loss of c-kit+ is related to 
direct pathogenesis of vitiligo. In our study, 22 vitiligo le-
sions (46.8%) that we examined had levels (staining value 
of more than 1.0) of c-kit+ expressions similar to that ob-
served in normal skin. In contrast, we found a reduced 
number of Melan A+ MC per 1R in vitiligo (mean 
1.05±1.98) compared to normal skin (mean 11.90±1.17). 
c-kit+ expression remained to be high in vitiligo lesions 
where the number of MC is reduced in H&E staining and 
Melan A staining. Maintenance of c-kit+ level in the epi-
dermis of lesional vitiligo was related with better treat-
ment response to excimer laser. In the present study, the 
lesional epidermis of group A (good response at the 3 



OJ Park, et al

462 Ann Dermatol

months of excimer laser) patients was positively stained 
with c-kit+. These fifteen patients (31.9%) had high level 
of c-kit++expression (mean 2.67±1.57) and correspond-
ingly, the lesions achieved more than 50% of repigmentation. 
This suggests that the level of expression of c-kit+ and/or 
its downstream effectors in MC may be associated with 
the extent of pigmentation and response to treatment. 
Excimer laser treatment upregulates transcription and pro-
tein expression of SCF16,18. Then, SCF binding to the 
c-kit+ induces MC proliferation and migration through 
phosphatidylinositol 3-kinase and Ras-MAPK pathway19,20. 
In our opinion, the high level of expression of c-kit+ may 
have high potential of excimer laser induced upregulation 
of c-kit+. Further studies will be required to determine the 
specific mechanism of this phenomenon. The limitation of 
our study is that this is retrospective nature and the nonle-
sional skin biopsy could be obtained in only five patients 
because of possible scarring and possible Koebner phe-
nomenon.
As early versus late vitiligo lesions are not easily dis-
tinguishable, our results may offer preliminary support for 
a possible role of c-kit+ levels as a marker of ‘early’ le-
sions of vitiligo which may have more benefit by early ini-
tiation of active treatment for better outcome.
A recent article insisted that if the early vitiligo lesions are 
done with excimer laser timely, the efficacy of the proce-
dure can be increased21.
Decreased expression of c-kit+ protein and its down-
stream effectors, including MITF, a central transcription 
factor regulating the expression of tyrosinase mRNA in 
MC, may precede a loss of MC in vitiligo epidermis of late 
or stable stage22-24.
In addition, there have been several reports demonstrating 
that there was a direct correlation among the severity of 
vitiligo, involvement of hair, and autoreactive CD8+ T 
cells in lesional vitiligo25. In our study, there were some 
degree of epidermal CD8+ cells but degree of CD8+ T 
cells infiltration did not show any correlation with the 
clinical response or duration of disease.
Our results showed that epidermal c-kit+ expression of vi-
tiligo was related positively with clinical response to ex-
cimer laser while Melan A reactivity was already absent in 
the lesions. This suggests that active and prompt photo-
therapy is necessary for repigmentation when the SCF re-
ceptor function is still remained.
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