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Abst rac t
Introduction: Melanocytes show antigen expressions characteristic for the immune response effector cells, and 
the immune reactions in the skin, especially those with inflammation background, significantly affect the function 
of melanocytes. Among the cytokines produced by keratinocytes, the stem cell factor (SCF) plays a leading role  
in stimulating melanogenesis.
Aim: To compare the expression level of stem cell factor (mSCF, pSCF) and the c-Kit receptor in the centre of the 
vitiligo patch and in the area of healthy skin adjacent to the vitiligo patch.
Material and methods: The research material consisted of skin samples from a vitiligo lesion and from non-lesional 
skin adjacent to the vitiligo patch. Real Time PCR analysis (Applied Biosystems 7900HT) was performed to deter-
mine the expression level of the studied genes.
Results: The studies showed a statistically significant increase in the amount of mSCF within the vitiligo patch 
compared to both healthy skin of patients with vitiligo and controls. In patients with vitiligo, c-Kit receptor expres-
sion was significantly decreased in the area of the lesional skin compared to the healthy skin of the same patient 
and the skin of the control group. 
Conclusions: The membrane-bound form of the SCF is overexpressed within the vitiligo skin, which may indicate 
the participation of mSCF in the stimulation of melanogenesis in response to melanocyte damage. Decreased 
expression of C-Kit receptor by melanocytes in the vitiligo patch disrupts the ligand-receptor interaction and may 
therefore be related to melanocytes dysfunction and/or loss.
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Introduction

Vitiligo is a hypopigmentary disorder and alteration in 
the expression level of several fibroblast-specific factors 
has been reported in the lesional skin of vitiligo patients. 
Melanocytes show antigen expression characteristic for 
immune response effector cells, and skin immune reac-
tions especially those with inflammation, significantly 
affect the function of melanocytes, which can be seen 
as discoloration or depigmentation [1, 2]. The microen-
vironment of the epidermis plays an important role in 
melanocyte proliferation and melanogenesis. Keratino-

cytes and melanocytes form a functional and anatomical 
connection called an epidermal melanin unit. Cytokines, 
produced by keratinocytes and fibroblasts, play a key role 
in its proper functioning [3, 4]. The low levels of stem cell 
factor (SCF) and increased expression of tumour necro-
sis factor-α (TNF-α) and interleukin-6 (IL-6), all of which 
negatively influence melanogenesis, have been reported 
when studying mRNA levels. It is especially important, 
considering that melanocytes express its receptor c-
kit and that SCF promotes melanocyte survival both in 
the initial migration and in the dermis [5]. Membrane 
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bound-type SCF (mSCF) is responsible for the interaction 
between keratinocytes and melanocytes and influences 
the survival and differentiation of melanocytes in the 
skin. The soluble form of SCF (sSCF) is involved in trans-
ferring melanoblasts from the neural crest cells to the 
skin and hair. It also regulates the interaction between 
melanocytes and fibroblasts [6, 7]. The disturbance of 
cytokine homeostasis within the epidermal melanin unit 
leads to the intensification of melanocyte apoptosis [3]. 
UV irradiation directly induces the secretion of soluble 
SCF, which increases skin pigmentation. The soluble form 
SCF might be produced by the cleavage of surface bound 
SCF by several metalloproteases and might be released 
to the lumen of the vessels as well as secreted into ex-
tracellular spaces [8].

Aim

The aim of the study was to compare the expression 
level of the SCF (mSCF, sSCF) and the c-Kit receptor in 
the centre of the vitiligo patch and in the healthy skin 
adjacent to a vitiligo patch.

Material and methods

A group of 36 patients with vitiligo, including  
26 women and 10 men, aged from 23 to 65 years, hos-
pitalized in the Department of Dermatology, Sexually 
Transmitted Diseases and Clinical Immunology of the 
Municipal Hospital in Olsztyn or treated at the Derma-
tology Outpatient Clinic, were studied. The mean age 
of patients with vitiligo was 47.44 years, the mean age 
of women in this group was 49.84 years, and of men – 
41.2 years. Based on the Vitiligo Global Issues Consen-
sus Conference – 2012, the study enrolled patients with 
non-segmental vitiligo. Patients with acral vitiligo were 
not included in the study group due to ineffectiveness 
of treatment, including PUVA-therapy, as proven in the 
literature.

The control group consisted of 40 healthy volunteers, 
including 28 women and 12 men, aged 25 to 62 years. The 
mean age of the control group is 47.61 years; the mean 
age of women – 48.82 years, and men – 44.89 years. The 
exclusion criterion in the control group was the presence 
of autoimmune or any other chronic diseases, any medi-
cations taken, any health complains, any abnormalities in 
laboratory tests (complete blood count; thyroid function 
tests: TSH, fT4, fT3, thyroid antibodies; C-reactive protein 
– according to the reference values of the laboratory of 
the Municipal Polyclinic Hospital in Olsztyn). Skin biopsy 
was collected using 5 mm biopsy punch after signing the 
informed consent, from the skin of the buttocks.

All patients and volunteers gave written consent to 
participation in the examination. The study was con-
ducted in accordance with the recommendations of the 
Declaration of Helsinki and was approved by the Local 

Bioethics Committee at the University of the Warmia and 
Mazury (decision no. 2/2015 of 14 January 2015). Written 
informed consent was obtained from all patients when 
they were enrolled.

Skin biopsy of both vitiligo patch and the healthy skin 
adjacent to the vitiligo patch was performed simultane-
ously in the same patients using 5 mm biopsy punch and 
then were used in the research. Samples of healthy skin 
were taken at least 5 cm away from vitiligo patch. The 
material was collected after signing the informed con-
sent, from the skin not exposed to UV radiation. The tis-
sues were protected in liquid nitrogen immediately after 
collecting the samples.

Real Time PCR (Applied Biosystems 7900HT) analy-
ses were carried out at the Department of Reproductive 
Immunology and Pathology of the Institute of Animal 
Reproduction and Food Research of the Polish Academy 
of Sciences in Olsztyn. The head of the Department of 
Reproductive Immunology and Pathology in Olsztyn is 
prof. Dariusz Jan Skarżyński.

Skin samples were taken from the storage in tubes 
kept at −80°C and homogenized using a ceramic mortar 
in liquid nitrogen to a form of fine tissue powder. Sub-
sequently, samples were moved into a 1.5 ml Eppendorf 
tube with 400 µl of phenozol, stored for 30 min, vortexed 
for 1 min, and centrifuged. According to the manufactur-
er’s protocol, total RNA from endometrial samples was 
isolated with the Total RNA Mini Plus kit (A&A Biotech-
nology, Gdynia, Poland, #036-100). The quantification 
of RNA was performed using the Nanodrop system (ND 
200C; Fisher Scientific, Hampton, PA, USA) and its quality 
was assessed by visualization of 28S and 18S rRNA bands 
after electrophoresis through a 1.5% agarose gel and red 
staining (41,003; Biotium, Hayward, CA, USA). The same 
amount (1000 ng) of RNA from each sample was reverse 
transcribed using Maxima First Strand cDNA Synthesis 
Kit (Thermo Fisher, Waltham, MA, USA, #K1641). Reverse 
transcription was done according to the manufacturer’s 
protocol. cDNA was frozen at −20°C until further analy-
sis. All the reactions for target and reference genes were 
performed in duplicate, on a 96-well plate (4306737; Ap-
plied Biosystems) and run in a ABI Prism 7900 sequence 
detection system (Applied Biosystems, Life Technologies, 
Foster City, CA, USA) with Maxima SYBR Green/ROX qPCR 
Master Mix (2X) (Thermo Scientific, Waltham, MA, USA, 
#K0222). The samples’ preparation was done according 
to the manufacturer’s protocol using 15 ng cDNA per well 
in a total of 10 µl of the reaction mix. The housekeep-
ing gene was chosen according to the literature. Relative 
mRNA data were quantified using the quantitative PCR 
miner algorithm. Briefly, the average of the cyclic thresh-
old (Cq) and the primer efficiency level (E) for each sam-
ple were related using the following equation: [1/(1þE)
Cq]. Afterwards, the expression levels of the target genes 
were normalized against the β-actin – reference gene.
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Statistical analysis

Statistical analysis was performed with the use of the 
IBM SPSS 20.0 package and the Microsoft Excel 2007. The 
Mann-Whitney test was used to evaluate the statistical 
significance of the differences in the results between the 
study group and the control group. The Wilcoxon pairwise 
test was used to compare the samples taken from healthy 
and lesional skin. For the proposed diagnostic tests, the 
measures of the diagnostic value of the test were calcu-
lated, such as sensitivity, specificity, positive predictive 
value (PPV) and negative predictive value (NPV), with the 
determination of their confidence intervals in relation to 
the final diagnosis. In all statistical tests, the level of sta-
tistical significance was set at p < 0.05.

Table 1. Expression level of the membrane-bound form of stem cell factor (mSCF)

mSCF Group N Mean SD Minimum Lower 
quartile

Median Upper 
quartile

Maximum P-value* P-value**

bz Patients 36 0.0023 0.0009 0.0006 0.0017 0.0024 0.0032 0.0035 0.001 0.030

Control 40 0.0012 0.0005 0.0005 0.0009 0.0012 0.0018 0.0020

bb Patients 36 0.0042 0.0024 0.0012 0.0020 0.0038 0.0063 0.0090 < 0.001

Control 40 0.0012 0.0005 0.0005 0.0009 0.0012 0.0018 0.0020

bb – lesional skin biopsy sample, bz – healthy skin biopsy sample from a patient suffering from vitiligo. *Comparison between the patient subgroup and the 
control subgroup (Mann-Whitney test). **Comparison between the skin sample of a vitiligo patch and the healthy skin of a person suffering from vitiligo, only 
a subgroup of patients (Wilcoxon’s pairwise order test).

Figure 1. Expression level of the membrane-bound form  
of the stem cell factor
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Table 2. Expression level of the soluble stem cell factor (sSCF)

sSCF Group N Mean SD Minimum Lower 
quartile

Median Upper 
quartile

Maximum P-value* P-value**

bz Patients 36 0.0161 0.0093 0.0029 0.0090 0.0156 0.0203 0.0468 0.100 0.949

Control 40 0.0121 0.0093 0.0035 0.0048 0.0086 0.0174 0.0305

bb Patients 36 0.0155 0.0080 0.0057 0.0092 0.0123 0.0205 0.0385 0.088

Control 40 0.0121 0.0093 0.0035 0.0048 0.0086 0.0174 0.0305

bb – lesional skin biopsy sample, bz – healthy skin biopsy sample from a patient suffering from vitiligo. *Comparison between the patient subgroup and the 
control subgroup (Mann-Whitney test). **Comparison between the skin sample of a vitiligo patch and the healthy skin of a person suffering from vitiligo, only 
a subgroup of patients (Wilcoxon’s pairwise order test).

Results

In skin biopsy from vitiligo patches and healthy 
skin of vitiligo patients and those from the control 
group, the expression of the following genes was com-
pared: the membrane-bound form of SCF (Table 1 and 
Figure 1), the soluble form of SCF (Table 2 and Figure 2) 
and the c-Kit receptor (Table 3 and Figure 3).

The calculation results showed that there was 
a statistically significant increase in the expression of 
the membrane-bound form of the SCF within the vit-
iligo patch compared to the healthy skin of patients 
suffering from vitiligo (p = 0.030) and to the control 
group (p < 0.001). A statistically significant overexpres-
sion of mSCF was also demonstrated in healthy skin 
of people with vitiligo compared to the control group 
(p = 0.001).

The calculation results showed that there were 
no statistically significant differences between the 
expression of the soluble SCF within the study group 
(between healthy skin and vitiligo patches in patients 
with vitiligo). These differences were also not observed 
when comparing both the healthy skin and the lesion-
al skin biopsy to the control group.

The calculation results showed that there was a sta-
tistically significant decrease in c-Kit receptor expres-
sion within the vitiligo patch compared to the healthy 
skin of vitiligo patients (p = 0.014) and in the vitiligo 
patch compared to the control group (p = 0.005). These 
differences were not observed when comparing the 
healthy skin of patients suffering from vitiligo and the 
control group.
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Figure 2. Expression level of the soluble stem cell growth 
factor (sSCF)

Discussion

The direct cause of the appearance of vitiligo patches is 
the selective destruction of melanocytes. Histopathological 
and immunopathological examinations of the skin of vitiligo 
patients showed the absence of melanocytes in the affected 
skin [9]. Despite numerous studies, the mechanism of the 
destruction of pigmented cells has not been fully under-
stood yet [10]. It has been hypothesized that melanocytes 
together with keratinocytes form the so-called epidermal 
melanin unit [11]. Interactions between these two types of 
cells are important for the survival and differentiation of 
melanocytes due to cytokines released from keratinocytes, 
which act on melanocytes through specific receptors [12, 13]. 
The SCF/c-Kit pathway plays an important role in regulating 
the homeostasis of human melanocytes, increasing their 
number, size and density [14].

The available studies suggest that increasing the ex-
pression of melanogenic cytokines and chemokines, pro-
duced or released by keratinocytes, as well as increasing 
the number of receptors in response to various stimuli, 
stimulate melanogenesis. On the other hand, some au-
thors believe that depigmentation is the result of point 
mutations both in specific receptors, e.g. c-Kit protein [15, 
16] and in melanogenic cytokines, e.g. SCF [17–19]. Such 
defects usually result from disorders of melanoblast mi-
gration from the neural crests to the epidermis and hair 
follicles during foetal development. Due to the function 
of the SCF in the skin, it has been divided into two forms: 

soluble SCF or SCF-1 and membrane bound SCF or SCF-2. 
The membrane-bound form (mSCF) influences the sur-
vival and differentiation of melanocytes in the skin, while 
the soluble form (sSCF) is involved in the transfer of me-
lanoblasts from the neural crest cells to skin and hair [7]. 
Normal human keratinocytes contain mRNA of both SCF 
forms [19, 20]. Lee et al. found that the number of normal 
human melanocytes in the culture increased in the pres-
ence of human keratinocytes and/or SCF, whereas the 
number decreased in a dose-dependent manner with the 
addition of anti-SCF antibodies [21].

Variable levels of melanogenic cytokines and chemo-
kines are described in the available literature, confirming 
their participation in the pathogenesis of vitiligo. In case 
of SCF, the obtained data do not allow for firm conclu-
sions, and in some cases the outcomes are mutually ex-
clusive [9, 21, 22]. These differences may be caused by 
different research methodology and other criteria of se-
lecting patients for the study group. Moreover, the reports 
cited above are connected with the level of SCF without 
division into the membrane-bound and soluble form.

Our research showed a statistically significant in-
crease in the amount of mSCF within the vitiligo patch 
compared to both healthy skin of patients with vitiligo 
(p = 0.030) and control group (p < 0.001). The unex-
pected overexpression of mSCF indicates that the ability 
of keratinocytes to produce this melanogenic cytokine 
within the vitiligo lesion is not impaired. The obtained 

Table 3. C-Kit receptor expression level

C-kit Group N Mean SD Minimum Lower 
quartile

Median Upper 
quartile

Maximum P-value* P-value**

bz Patients 36 0.0247 0.0125 0.0103 0.0123 0.0207 0.0347 0.0546 0.076 0.014

Control 40 0.0357 0.0219 0.0183 0.0226 0.0295 0.0422 0.0927

bb Patients 36 0.0165 0.0119 0.0013 0.0038 0.0180 0.0271 0.0375 0.005

Control 40 0.0357 0.0219 0.0183 0.0226 0.0295 0.0422 0.0927

bb – lesional skin biopsy sample, bz – healthy skin biopsy sample from a patient suffering from vitiligo. *Comparison between the patient subgroup and the 
control subgroup (Mann-Whitney test). **Comparison between the skin sample of a vitiligo patch and the healthy skin of a person suffering from vitiligo, only 
a subgroup of patients (Wilcoxon’s pairwise order test).

Figure 3. C-Kit receptor expression level
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results may also be caused by the fact that the exclu-
sion criterion was acral vitiligo. This assumption was 
based on a study [23] which compared the density of 
hair follicles, melanocytes, Langerhans cells (LC) and the 
expression of MHC class II, SCF and c-Kit receptor with-
in the vitiligo area located in the repigmented regions 
(e.g. on the trunk) and acral vitiligo regions (the area 
of the lateral ankle and the palmar part of the wrist). 
They demonstrated a statistically significant decrease 
of all the above-mentioned parameters in acrally local-
ized lesions compared to the central localization. This is 
probably caused by resistance to phototherapy in acral 
vitiligo. After a series of PUVA irradiations, the expres-
sion of the above parameters was re-measured, resulting 
in a reduction in SCF levels in both groups. The authors 
hypothesized that SCF depletion in vitiligo skin is due to 
binding of SCF to its c-Kit receptor in response to melano-
cyte damage and stimulation of melanogenesis through 
PUVA-therapy [23].

An interesting observation is the lack of statistically 
significant differences in the expression of the soluble 
form of SCF (sSCF) between the vitiligo skin and healthy 
skin of a person suffering from vitiligo (p = 0.949) and 
between the control group and the lesional skin (p = 
0.088). Despite previously observed statistically signifi-
cant differences between mSCF expression, this may 
indicate that sSCF is not involved in the keratinocyte re-
sponse to melanocyte damage and stimulation of mela-
nogenesis. The obtained results support the hypothesis 
that the soluble form of SCF is mainly involved in the 
transfer of melanoblasts from the neural crest cells to 
skin and hair during foetal life.

Analysing the c-Kit receptor expression measurements 
in vitiligo patients involved in the study, a statistically sig-
nificant reduction in the amount of this protein was re-
vealed in the lesional skin compared to the healthy skin 
of the same patient (p = 0.014). This difference was even 
more pronounced when the c-Kit expression of the skin in 
the vitiligo patch was compared to the skin of the control 
group (p = 0.005). An interesting observation, however, 
is the lack of statistically significant differences between 
the results obtained from the non-lesional skin of vitiligo 
patients compared to the control group (p = 0.076). Reduc-
tion of c-Kit protein expression by melanocytes within the 
vitiligo patch may be associated with dysfunction and/or 
loss of melanocytes. The c-Kit receptor plays another im-
portant role in the melanogenesis process, i.e. it activates 
MITF-M (melanocyte-specific microphthalmia-associated 
transcription factor) – a transcription factor associated 
with microphthalmia. Its expression occurs only in mela-
nocytes and melanoma cells [24, 25] and it is considered to 
be the main regulator of melanogenesis at the transcrip-
tional level. The MITF factor regulates the expression of 
genes specific for melanocytes, including tyrosinase, the 
TRP1 protein, which leads to melanocyte differentiation. 
Moreover, it activates the transcription of the melanocor-

tin type 1 receptor (MC1R) for the α-MSH hormone, which 
is responsible for the regulation of the melanogenesis pro-
cess as well as the proliferation and formation of melano-
cyte projections [25, 26]. The use of platelet-rich plasma 
(PRP), which contains several growth factors, has received 
attention as a treatment for stable vitiligo. More precisely, 
α-melanocyte stimulating hormone (α-MSH), through its 
binding to MC1R, affects several melanocyte functions. 
This peptide plays a role in the regulation of melanogen-
esis, dendrite formation, and proliferation and differentia-
tion, and it can also protect melanocytes from oxidative 
damage [27]. PRP is also known to boost hair growth. As 
the hair follicles act as reservoirs of melanocytes, a stimu-
lating effect of PRP may be instrumental in repigmentation 
of leucotrichia [28].

Conclusions

The membrane-bound form of the SCF is overex-
pressed within the vitiligo skin, which may indicate the 
participation of mSCF in the stimulation of melanogen-
esis in response to melanocyte damage. Therefore, it 
seems that the ability of keratinocytes to produce this 
melanogenic cytokine within the vitiligo patch is not im-
paired. The soluble form of the SCF is not involved in the 
response of keratinocytes to melanocyte damage and 
stimulation of melanogenesis. It has also been shown 
that the expression of the c-Kit receptor by melanocytes 
is decreased within the vitiligo patch, which disturbs the 
ligand-receptor interaction and may be related to the 
dysfunction and/or loss of melanocytes.
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