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TRENDS OF RESEARCH IN VITILIGO 

 
Vitiligo is a skin condition characterized by destruction of melanocytes resulting in the appearance of white patches. The cause of vitiligo is still 
not clearly known. In vitiligo, high infiltration of autoreactive cytotoxic T cells the perilesional margin is suggested being responsible for 
depigmentation.A deficiency of immunosuppressive T regulatory cells is suspected to play a key role in the breakdown in self -tolerance leading to 
the development of the disease. In this review article, the current trends on vitiligo research, treatment, and the role of T regulatory cells in 
vitiligo pathogenesis are discussed. 
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Introduction. 
Vitiligo is a skin disorder which is caused by the loss of melanocytes. Patients with vitiligo comprise between 0.5 and 2% of  total population, 
and a conservative estimate lays within a range of 35–140 million patients worldwide [1]. The global market for vitiligo is estimated to grow 
from $1.4 billion in 2011 to $2.7 billion in 2019 [2]. 
The main signs of vitiligo are depigmented milky-white patches on the skin. Initially, these patches occur in small sizes which frequently 
spread out and tend to grow by changing shapes. The rate of spreading is variable among individuals – some people report quick dispersing 
while in others the process is slow. In addition, patients with vitiligo often struggle with early graying of the hair [3]. Individuals with vitiligo 
do not report with pain or life-threatening symptoms. However, vitiligo lies under the quality of life disease category where some patients 
might be stigmatized for their condition and often experience depression or mood disorders [4]. 
Vitiligo can be diagnosed through the use of several methods: an eye exam and ultraviolet (UV). When the vitiligo skin is exposed to UV, it 
glows blue and healthy skin has no reaction. There are conditions with similar symptoms including pityriasis alba, tuberculoid leprosy, 
postinflammatory hypopigmentation, tinea versicolor, albinism, and piebaldism. Final confirmation can be obtained by performi ng biopsy 
[5].  
Currently available treatments do not appear to have a significant efficacy. Therefore, it is relevant to find new approaches that induce 
immune tolerance towards melanocyte antigens and lead to derma depigmentation.  
Currently available treatments for vitiligo. 
There is no available cure for vitiligo which can fully reverse the symptoms. However, several moderate treatment options are  currently 
available in the market [6]. Immune mediators such as glucocorticoids and calcineurin inhibitors are currently considered as first-line 
treatments for vitiligo. Phototherapy (exposure to UV-B lamp) is considered to be a second-line therapy for vitiligo. It has been frequently 
reported that combination of UV-B phototherapy with topical steroids improves repigmentation. Due to the higher risks of skin cancer or 
sunburn-type of reactions, UV phototherapy is suggested only when primary standard treatments are ineffective [7].  
Olsson M.J. et al.proposed to transplant melanocytes to vitiligo lesions. This procedure involved a separation of melanocytes from a thin layer 
of pigmented skin excised from a gluteal region. Then, obtained melanocytes expanded in vitro. Affected vitiligo skin was denuded with 
dermabrader and melanocytes skin-graft was applied to those areas. As a result, approximately 70-85% of patients had a nearly complete 
repigmentation, which differed among individuals in terms of longevity. In addition, a few transplantation techniques were developed at this 
point using melanocyte precursors derived from hair follicles [8]. Recently, a drug Afamelanotide was passed Phase II clinical trials for 
vitiligo and derma related diseases. Moreover, a rheumatoid arthritis drug Tofacitinib also has been tested for vitiligo treatment [9]. 
Genetic predisposition. 
There are many hypotheses have been suggested as potential triggers that might be the cause of vitiligo, whereas genetic susceptibility and 
autoimmunity are the most probable. The predisposition to vitiligo might be caused by specific genes. Analyzes of melanocytes for consistent 
morphologic aberrancies showed that VIT1 expression is reduced among vitiligo patients, and it is related to enhanced expression of the 
hMSH6 mismatch repair gene [10]. Therefore, it has been suggested that VIT1 can regulate hMSH6 expression via the formation of RNA-RNA 
hybrids, and this increased expression is indicative of a necessity for G/T mismatch repair. Deficient mismatch repair leaves melanocytes 
susceptible to UV light. Another vitiligo related gene is a gene that encodes catalase [11]. Presence of catalase in the melanocyte cultures 
showed that mutation in this gene or genes that are close to the gene leaves made the cells more sensitive to damage [12]. Mo reover, the link 
of vitiligo to an autoimmune gene AIS1it was found. In addition, it was revealed that genes associated with vitiligo are involved in antigen-
processing and presentation, such as LMP7, TAP1, and CTLA-4 [13]. 
The link between vitiligo and autoimmunity. 
It has been recently shown that vitiligo is an autoimmune disease. The first evidence of autoimmune nature of the disease was the detection 
of circulating antibodies towards melanocytes in vitiligo patients but not in healthy individuals. It is suggested that the production of 
antibodies toward melanocytes is a result of vitiligo pathogenesis rather than a direct cause. Moreover, the melanocyte antigen - 
melanosomal transmembrane protein (MelanA) induces cytotoxic T-cells but not humoral responses. In actively depigmenting patients 
perilesional margin ishighly infiltrated by T cells and macrophages. Therefore, autoimmune destruction of melanocytes is mediated by 
cytotoxic T-cells rather than antibodies [14]. Vitiligo is frequently can be associated with other autoimmune diseases such as psoriasis,  
alopecia, systemic lupus erythematosus, and scleroderma [15].  
According to a latest study, T cells proliferate without antigen stimulation in the skin of vitiligo patients. In vitro, cytokine profiles, peptide 
specificity, and cytotoxic activity towards melanocytes has been represented, and  T helper cells and cytotoxic T cells predominantly release 
T helper type-1 (Th1) cytokines (interferon gamma (IFN-γ), tumor necrosis factor alfa (TNF-α)) [16].  
It is generally accepted that autoimmune desorders starts when antigen-presenting cells (APCs) are activated through toll-like receptors 
(TLRs). These APCs are activated by triggers such as cell damage, microorganisms, which leads to release of CpGoligodeoxynucleotides(CpG) 
and lipopolysaccharide (LPS) расшифруй [17]. In perilesional skin, TNF-related apoptosis-inducing ligand (TRAIL)-positive DCs are 
presented in close proximity to TRAIL receptor-expressing melanocytes [18]. These circulating TRAIL might be responsible for the death of 
melanocytes [19]. These dead melanocytes turn into a source of antigens for DCs, which then are presented to T cells. CD4+ and CD8+ T cells 
of infiltrate derma [20] and attack melanocytes in a Th1-manner [21]. This assumption is reinforced by the apparent IFN-γ-dependent 
depigmentation in mouse models [22,23]. CD8+ T cells reactive to tyrosinase or MART-1 were detected in peripheral blood of vitiligo patients 
[24,25]. Moreover, it has been shown that the percentage of immunosuppressive T regulatory cells (Tregs) among T cell infiltr ates in vitiligo 
lesions is lack. Due to the paucity of Tregs in vitiligo skin, it is proposed that Treg/T effector (Teff) cell ratios are unfavorable and that 
uninhibited cytotoxic T cells can contribute to depigmentation [26]. 
A Genomewide Association study revealed approximately 10 independent susceptibility loci associated with vitiligo. In the MHC encoding 
region, differential genome expression was found in both class I between HLA-A and HLA-HGC9 and class II between HLA-DRB1 and HLA-
DQA1 genes. Moreover, high number of vitiligo patients carry a single amino acid mutation (Leu15>His) in the NLRP1 gene that might 
contribute to pathogenesis. NLRP1 gene encodes for Cas1 and Cas7 that is responsible for activating IL-1β, which is overexpressed in 



 

patients with vitiligo. In addition, TYR gene, which encodes tyrosine, has a mutation TYRQ402A, whereas TYRR402Q is closely associated 
with melanoma. It is postulated that peptides with TYRQ402A mutation are displayed on MHC-I, while peptides containing TYRR402Q 
mutation may fail to be recognized by immune system. Therefore, both NLRP1 and TYR mutations in a single amino acid may play different 
roles in immunity[27]. 
A paucity of tregs in vitiligo skin. 
Tregs are a subpopulation of T cells, which play a key role in regulation of the immune response. The role of Tregs for controlling the immune 
response to self and foreign antigens prevents autoimmune disorders [28]. In healthy skin, Tregs comprise more than 50% of al l T cells, but 
the paucity of Tregs was observed in vitiligo skin [29]. Until recently, it was challenging to categorize two types of Tregs which were natural 
Tregs and inducible Tregs. When Tregs are activated, they release inhibitory cytokines. The currently known markers for Tregs include 
cytotoxic T lymphocyte-associated antigen (CTLA-4), IL-2 receptor CD25, Forkhead box P3 transcription factor FoxP3, glucocorticoid-
induced tumor necrosis factor (GITR), and neuropilin-1. Recently, the most reliable marker for Tregs is considered to be the FoxP3. However, 
it is still lack of information about antigen specificity of Tregs [30]. 
In the absence of Tregs, as it is observed in patients with FoxP3 mutations, autoreactive T cells can persistently attack healthy cells. It has 
been reported that lack of Tregs was observed in several autoimmune diseases such as rheumatoid arthritis, alopecia areata, multiple 
necrosis, and vitiligo. Also, reduced Treg infiltration has been observed in depigmented lesions [31].  
Approaches to enhance the activity of tregs. 
To restore the number of Tregs in patients with autoimmune diseases the Treg transfer approach was developed. To restore the Treg 
number, autologous cells were amplified in vitro and reintroduced to the patient. However, safety concerns were not fully addressed in this 
technique [32]. It has been demonstrated that mice with graft-versus-host disease (GVHD) had benefited formTreg transfer by halting the 
expansion of T cells [33]. In addition, genetically modified T cells have been tested clinically, and off-target effects can be handled using 
suicide genes or applying corticosteroids to suppress autoimmune response. A group of scientists (Chatterjee S., et al.) developed traceable 
Tregs and injected them into h3TA2 mice that developed spontaneous vitiligo and then measured the effects on depigmentation. It was found 
that the injection of 200,000 cells is sufficient to maintain elevated Treg/Teff ratios in mice for 6 weeks. As a result, tre ated mice had 
increased Treg number and reduced depigmentation [34]. Application of antigen-specific Treg purified on the basis of latency-associated 
peptide (LAP) or glycoprotein A repetitions predominant (GARP) surface expression increased the specificity of adoptive Treg transfers [35]. 
Moreover, antigen-specific Tregs were generated for the treatment of other autoimmune diseases with known target antigens. For example, 
HSP70-specific Tregs were tested for autoimmune arthritis. For vitiligo, tyrosinase-reactive Tregs were developed by TCR gene transfer into 
in vitro expanded Tregs. Obtained Tregs expressed FoxP3, functional TCRs and effectively suppressed antigen-specific Teff in a murine tumor 
model [36]. It has been difficult to maintain a functionally stable inducible Tregs from antigen-specific T cells, however, above-mentioned 
studies provided the principles for adoptive Treg transfer in vitiligo [37]. 
Another approach of Treg cell generation in vivo has been developed. Treg development can be encouraged in thymus by soluble factors such 
as IL-2, where IL-2 activates effector T cells as well [38]. This controversy is widely accepted, and competition for IL-2 between effector T 
cells and Tregs determines the therapeutic result [39].  Another cytokine that plays a key roleduring Treg development is tra nsforming 
growth factor-beta (TGFβ). TGFβ is applied during the expantion of Tregs in vitro in the presence of IL-2, but this can also recruit T helper 17 
cell development, when accompanied with IL-6. Also, rapamycin can promote Tregs development via protein kinase B with subsequent 
mTOR activation [40]. It has been performed that rapamycin administeration on alternate days for 2 weeks at 5 mg/kg of body weight results 
in remarkable vitiligo inhibition and prolonged Treg skin infiltration in h3TA2 mice [41]. Rapamycin can also benefit in reduced effector T 
cell and increased Treg abundance in several autoimmune disorders including autoimmune myositis, rheumatic disease, pancreatitis, 
psoriasis, and keloid formation from [42-45]. Moreover, vitamin D supplementation to patients with autoimmune thyroiditis was beneficial 
in restoring expression FoxP3 by Tregs  and its derivatives can augment Treg activity and reduce the levels of IL-17-producing T cells, [46, 
47]. Of note, effective therapeutics for vitiligo narrow-band UVB light can increase vitamin D levels and promote pigmentation. Thus, 
enhanced Treg induction may explain the observed correlation between these parameters.  
Effective homing of Tregs to the skin is another approach to stimulate repigmentation in vitiligo. Tregs are populated in tissues where an 
ongoing immune response occurring and chemokines and their receptors are presented [48].  Because of the decreased number of Tregs in  
vitiligo skin tissues, this tendency was evaluated through comparison with healthy skin. As a result, no difference was observed between the 
expression of homing receptors including cutaneous lymphocyte antigen, CCR4, and CCR8 in vitiligo derma [29]. However, a significant 
reduction in the number of CCL22-expressing cells in vitiligo skin was observed. Macrophages and DCs normally express cutaneous CCL22, 
which is not known to be reduced in vitiligo skin [29, 49, 50]. It is known that reduced CCL22 expression extends to the unaffected skin 
suggesting that a paucity of Tregs can set the cytotoxic T cells to attack. The existence of melanocyte-reactive CD8+ T cells is not specific for 
vitiligo patients. Therefore, a shortage of Tregs might help to determine vitiligo progress [51]. The paucity of Tregs among an affected skin 
from h3TA2 and wild-type mice was dissociated and Tregs were identified by CD3 and FoxP3 co-expression. Moreover, cutaneous Ccl22 
overexpression can restore Tregs and prevent vitiligo, and some other chemokines might reinforce thehoming of Tregs into skin. However, 
CCL22 and possibly CCL17 are expected to be superior chemo-attractants given the high percentage of Tregs which express CCR4 [52, 53]. 
Promoting Treg homing might intensify the inhibition of effector T-cell homing incorporating blockade the antibodies toward CXCR3, and 
repopulating vitiligo skin with a healthy Tregs might be helpful for normalizing off-balance immune response in patients skin overall [54]. 
Future of Treg therapy for vitiligo. 
Among autoimmune disorders, vitiligo is one of the first diseases where target antigens have been identified, thus ena bling the generation of 
antigen-specific Tregs is very promising [56]. Treatment options with antigen-specific Tregs may not be fully effective as to maintain their 
function requires periodically application. Thus, local treatment supported by chemokines or immunosuppressive agents might be necessary 
for an effective therapy. According to the above-mentioned studies, Treg-based therapeutics holds great promise and can be a potential 
treatment for vitiligo. 
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ВИТИЛИГОДАҒЫ ҒЫЛЫМИ ЗЕРТТЕУЛЕРДІҢ ТЕНДЕНЦИЯСЫ 
 
Түйін:Витилиго -меланоциттердің жойылуы себебінен терідегі ақ дақтардың пайда болуымен сипатталатын тері ауруы . 
Витилигоның себебі әлі белгісіз. Витилигода сезімталдыққа жауапты, перилез маркерінің автотеактивті цитотоксикалық Т-
жасушаларының жоғары инфильтрациясы болады. Иммуносупрессивті Т-реттеуші жасушалардың тапшылығы аурудың дамуына 
әкелетін бұзылыс табасты рөл атқарады деп болжануда. Бұл мақалада зерттеудің ағымдық үрдісі, емдеу әдістері және витилиго 
патогенезіндегі реттеуші Т-клеткалардың рөліт алқыланады. 
Түйіндісөздер: витилиго, аутоиммундылық, реттеуші Т-жасушалары. 
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ТЕНДЕНЦИИ В ИССЛЕДОВАНИИ ВИТИЛИГО 
 
Резюме:Витилиго - это кожное заболевание, характеризующееся гибелью меланоцитов и появлением белых пятен на коже. 
Причины витилиго до сих пор остаются малоизученными. Высокая инфильтрация аутореактивными цитотоксическими Т-
клетками пораженного участка кожа считается основной причиной депигментации. Предполагается, что дефицит 
иммуносупрессорных Т-регуляторных клеток играет ключевую роль в срыве иммунной толерантности, приводящей к развитию 
витилиго. В этой обзорной статье обсуждаются современные тенденции исследований, методов лечения и роли Т -регуляторных 
клеток в патогенезе витилиго. 
Ключевые слова: витилиго, аутоиммунный ответ, регуляторные Т клетки.  
 


