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Introduction:
Vitiligo is an acquired, idiopathic, hypomelanotic disease characterized by circumscribed depigmented macules (Ontonne J P and Bose S K., 1993). Vitiligo is a disorder of pigmentation where the loss of functional melanocytes takes place. It affects 1% of the world's population however the incidence of vitiligo varies between populations          0.1% - 8.8% (Mosher et al., 1993). This problem is best emphasized by the terminology used in southern India as ven kushtham, meaning white leprosy (Mosher et al., 1993). Clinical presentation includes vitiligo, characterized by a lesion that occurs in a) dermatomal, asymmetric distribution of limited clinical significance b) focal vitiligo, characterized by the limited number of small lesions c) generalized vitiligo, the most common type of vitiligo. Where lesions occur in bilateral symmetrical distribution and d) universal vitiligo, complete or almost complete depigmentation (Mosher et al., 1993).  

16-35% of patients with vitiligo experience psychiatric morbidity. Depression 10%, dysthymia (17-19%), sleep disturbance (20%), suicidal thoughts (10%), suicidal attempts (3.3%), and anxiety (3.3%) have been found in those affected with vitiligo. It can also lead to difficulties in forming a relationship, avoidance of certain social situations, and difficulties in sexual relationships (Porter J et al.,1990). There are three main hypotheses for the pathogenesis of vitiligo: self-destruction, neural and autoimmune. This review will discuss the relevant new evidence for autoimmune melanocyte destruction, intrinsic biochemistry, use of natural health products, level of different enzymes in blood and skin, and cellular, molecular and genetic basis. 

Biochemical basis of vitiligo:
        Melanocytes are melanin-producing cells found in the skin. Melanocytes are highly dendritic and these dendrites project into the Malpighian layer of the epidermis where they transfer the melanosomes to approximately 36 keratinocytes in the neighborhood and this entire unit is called the epidermal melanin unit (Shahjil et al.,2006). A part of the skin, melanocytes are present in the retinal pigment epithelium, uveal tract, inner ear, and leptomeninges. In they reside in the matrix of the hair follicle of the basal layer of the epidermis. Tyrosinase is a key enzyme required for melanin synthesis. Tyrosinase catalyzes the hydroxylation of tyrosine to dihydroxyphenylalanine (DOPA), which is the rate-limiting step of melanin synthesis (Hearing VJ.,1999). DOPA undergoes oxidation of dopaquinone, which is immediately converted to DOPAchrome and then to 5,6 di hydroxy indole (DHI). TRP2 (tyrosine-related protein 2) converts dopachrome to dihydroxyindole carboxylic acid (DHICA). DHI and DHICA further polymerize to form eumelanin. Cystine/ glutathione reacts with dopaquinone to produce cysteinyldopas that undergo further cyclization to benzothiazines and higher condensates give rise to confer photoprotection to the skin from ionization radiations (Hearing V.J., 1999). Keratinocytes are the cell where the storage of melanin takes place. Human keratinocytes are the cells that make up a majority of the epidermis and express only beta 2 adrenergic receptors. The beta-adrenergic receptor is a seven-pass trans-membrane G protein-linked coupled receptor. A beta 2 AR expression is more highly expressed at the basal layer of the epidermis and decreases in expression toward the stratum corneum. Both keratinocytes and melanocytes express beta 2 AR, and keratinocytes have been demonstrated to generate norepinephrine. Stimulation of the beta 2 AR on melanocytes increases the intracellular level of cAMP and subsequently increases melanogenesis. Normal epidermal keratinocytes can endogenously generate epinephrine, they may be provided local stimulation of this beta 2 AR-mediated pathway for melanogenesis in the normal melanocytes.
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Fig . 1 Pathway of melanogenesis.

Synthesis of beta-blocker can lead to exacerbation of Vitiligo in some patients. Since beta 2 AR stimulation activates melanogenesis in vitro, blockage of beta 2 AR on melanocytes in-vivo may contribute to the decrease in melanin synthesis seen in vitiliginous skin. Patients with Vitiligo exhibit increased plasma and urine concentrations of norepinephrine and its degradation products (Cucchi ML et al.,2003). An increased level of 6BH4 is seen in the vitiliginous area (Schallreuter and Wood JM., 1996) along with a reduction in the activity of PNMT in keratinocytes. Epidermal keratinocytes derived from the affected skin of patients with Vitiligo demonstrate increased expression of the beta 2 AR in culture. The expression of these receptors on keratinocytes is regulated by the extracellular level of calcium as well as by 6 biopterin, the redox product of 6BH4, which is increased in the epidermis in a patient with Vitiligo (Hasse S et al., 2004). Intracellular calcium levels are increased in keratinocytes in the vitiliginous epidermis. In a limited number of patient samples, defect in calcium influx has been demonstrated in keratinocytes of vitiliginous skin (Schallreuter KU and Pittelkow MP.,1998). The possible defect of keratinocyte calcium flux playing a role in the pathogenesis of vitiligo is presently not clear. Pharmacological manipulation of the beta 2AR may then offer another tool for the treatment of vitiligo. It has been reported that anti-melanocyte antibodies kill melanocytes by complement-mediated lysis and by antibody-dependent cell-mediated cytotoxicity. Cytotoxicity for the melanocyte of the latter is more effective than complement-mediated lysis. Yu et al., 1993 confined that the sera of the patient with active vitiligo exhibit prominent cytotoxicity for melanocytes. Because the Fc receptor is not present on the surface of melanocytes, anticytoplasmic antibodies are unable to penetrate cytoplasm via the Fc receptor. Therefore it is proposed that cytotoxicity for melanocytes in vitiligo depends primarily on antibodies directed against surface antigens rather than against cytoplasmic antigens. The presence of anticytoplasmic antibodies may serve as an indicator of the severity of the disease because they are more prominent in patients with active vitiligo with extensive lesions. Two other original and interesting observations were found by Yu et al 1993. 1) There is a lower incidence and low level of anti-keratinocyte antibodies compared with anti-melanocyte antibodies and 2) the patient's sera showed cytotoxicity for melanocytes not for keratinocytes. Antikeratinocyte antibody may serve as a marker for the assessment of disease activity of vitiligo. 

Epidermal keratinocytes produce several factors that support the growth and differentiation of neighboring melanocytes, such as the basic fibroblast growth factor (b-FGF) and stem cell factors (SCF). A study demonstrated that the expression of SCF (P< 0.001) and b-FGF were usually reduced in the depigmented compared with the normally pigmented vitiligo epidermis. SCF has been demonstrated to prevent TRAIL-induced melanocyte apoptosis in vitro. Melanocyte cell death in vitiligo can result from deprivation of keratinocyte-derived SCF.

Cytoplasmic vacuolation and or the presence of an extra-cellular granular material that may be derived from the cytoplasm of altered keratinocytes have been reported mainly in the adjacent normal-appearing vitiligo skin, but also perilesional skin and rarely in lesional skin. Focal areas of vacuolar degeneration in the lowest layer are associated with mild mononuclear cell infiltrate, and have also been observed (Bhawan J and Bhutani KK., 1983).

Vitiligo affects the entire keratinocyte – Langerhans cell- melanocyte unit (KLM) (Norlund JJ and Ortonne JP., 1992). The Langerhans cell density evaluated either by histochemical techniques (ATPase) or with monoclonal antibodies OKT6 anti-HLA-DR has been variable reported as decreased normal or increased (Ortonne JP and Bose SK., 1993). 

The specific mechanism for induction of hypopigmentation:
              Hypomelanosis is a decrease in the level of melanin in the epidermis, which results in two different kinds of changes a) decreased number or absence of melanocytes in the epidermis results in little or no melanin production (melanocytopenic hypomelanosis) eg Vitiligo and b) no decrease in the number of melanocytes but decreased melanin production. During the senescence process, the density of melanocytes in the skin decreases physiologically by ̴10% per decade (Gilchrist BA et al., 1979) but a loss of pigmentation can occur at any pages after exposure to myelotoxic agents.

         Contact with certain chemicals can lead to cutaneous depigmentation (Blechen SS et al., 1968; Gillin GA et al., 1979; O Malley MA et al., 1988). The majority of these agents are derivatives of phenols and catechols (Biossay RE and Mango P., 2004). Generally, these agents induce chemical leucoderma (depigmentation at the contact sites), but in subjects with the predisposition and chronic exposure, the initial depigmentation can extend and lead to progression, and in chronic exposure, the initial depigmentation can extend and lead the progression of generalized Vitiligo.

               Hypomelanosis can occur post-inflammatory (eg-after resolving psoriatic plaque or lesion of atopic dermatitis), resulting from an increased keratinocytes turnover that interferes with the melanosomal transfer as well as the activation of inhibitory cytokines. Decreased melanin content can be also related to infection (eg- lepra and syphilis), although the mechanism involved is currently unknown and it has been suggested to be post-inflammatory.

 Neurochemical hypothesis:
               Neurochemical chemical mediators such as norepinephrine and acetylcholine are toxic to melanocytes. Studies on vitiligo patients showed a higher level of plasma and urine catecholamine and their metabolites, especially at the onset of the disorder (Cucchi ML et al., 2002 and 2003). A high concentration of norepinephrine and its metabolites may be due to a reduction in phenylethanolamine – N- methyl transferase (PNMT) activity and an increase in tyrosine hydroxylase (TH) activity. These enzymes convert L-tyrosine to L-dopa. Defective recycling of 6BH4 lead to the increased non-enzymatic production of 7BH4, concomitant with increased production of H2O2. The presence of 7BH4 in the epidermis initiates the process of depigmentation in vitiligo patients by blocking the L-Tyrosine supply to melanocytes. These alterations cause melanocyte destruction in vitiligo. 

                  Increased levels of norepinephrine also induce catecholamine degrading enzyme monoamine oxidase (MAO) (Bindoli et al.,1992). Keratinocytes and melanocytes in depigmented skin exhibit increased monoamine oxidase. An activity that further causes keratinocytes to produce fourfold more norepinephrine and 6.5 less epinephrine than control keratinocytes (Schallreuter KU et al., 1996) nor epinephrine is toxic to melanocytes, and MAO-A produces H2O2 which is also toxic to melanocytes. Catecholamine- O- methyl transferase (COMT) enzyme dealing with catabolism of adrenergic neurotransmitters prevents the formation of toxic - O - quinine during melanin synthesis, is found elevated in vitiligo patients, probably induced in tissue by the elevated level of catecholamine by keratinocytes and nerve endings. Aberration in beta-endorphin and met-enkephalin secretion is reported in vitiligo patients (Mozzanica V et al., 1992). Met-enkephalin level is higher in vitiligo patients and may be correlated with emotional stress. Abnormalities of neuropeptides are also found in perilesional skin and blood of vitiligo patients (Al Abadie MS et al., 1994). Neuropeptides are also reported to have immunomodulatory effects (Covelli V and Jirillo E., 1988). 

Oxidative stress hypothesis: 

Oxidative stress is considered to be the initial pathogenic event in melanocyte destruction. H2O2 accumulation is observed in the epidermis of active vitiligo patients (Hass S et al., 2004). Defective recycling of tetrahydrobiopterin is associated with intracellular production of H2O2. An alteration in the oxidant system with significant reduction activity has been demonstrated in lesional and non-lesional skin of vitiligo patients and derived melanocytes (Schallreuter KU et al., 1991; Maresca V., 1997). Antioxidant imbalances in peripheral imbalance blood of active vitiligo patients are also observed. Increased intracellular production of reactive oxygen species also appears due to mitochondrial impairment (Agrawall D et al., 2004; Agrawall D., 2002). A low level of catalase may contribute generation of oxidative stress in segmental vitiligo patients. The generation of oxidative stress in non-segmental vitiligo may be due to low levels of glutathione peroxidase and reduced glutathione. Inhibition of tyrosine reductase a free radical scavenger located in the membrane of melanocytes also contributes to oxidative stress generation in Vitiligo patients. Higher intracellular Ca++ level results in increased superoxide radicals that lead to tyrosinase inhibition (Schallreuter KU and Pittelkow MR.,1988).

Genetic basis of Vitiligo:               
           Epidemiologic and genetic studies have shown that generalized vitiligo behaves as a multifactor, polygenic ‘complex trait’, about 20% of probands reporting one or more affected relatives, typically with a non-mendelian pattern of inheritance (Alkhateeb et al., 2003). Several genes involved in immune function, including loci in the MHC, CTLA4, PTPN22, IL10, MBL2, and NALP1 (NLRP 1), have been implicated in susceptibility to generalized vitiligo based on genetic linkage or association studies, particularly in patients and families that also segregate other autoimmune diseases that are epidemiologically associated with vitiligo, principally autoimmune thyroid disease, latent autoimmune diabetes of the adult (LADA), rheumatoid arthritis, psoriasis, pernicious anemia, systemic lupus erythematosus and Addison’s disease (Alkhateeb et al., 2003). The CTLA4 gene encodes cytotoxic during the immune response (Brand et al., 2005). Variation in CTLA4 has been genetically associated with several autoimmune diseases, typically at an effect size (odds ratio; OR) of about 1.5 to 2.0 (Brand et al., 2005). However, studies of the genetic association between CTLA4 and vitiligo have yielded conflicting results. An initial study of a single CTLA4 microsatellite in the United Kingdom (UK) Caucasian (CEU) patients new reported genetic association principally in patients with another autoimmune disease (Kemp et al., 1999).In the subgroup of Vitiligo patients who had other concomitant autoimmune diseases there was a significant association of CTLA4 SNP rs231775 and near the significance of several other CTLA4 SNP in linkage disequilibrium (LD) with five susceptibility loci reported so far –on chromosomes 1p31,6p21,7q,8p, and 17p13-in white populations. The genetic risk for vitiligo is well supported by multiple lines of evidence. Vitiligo is frequently associated with familial clustering (Carnevale et al., 1980; Das et al., 1985) and 20% of probands have at least one affected first-degree relative (Alkhateeb et al., 2003). The risk for the first-degree relatives of patients with vitiligo to develop the disease is elevated by 7 to 10-fold (Nath et al., 1994) compared with the risk for the general population. A recent study of the Chinese population indicated that 1.8% of patients' first-degree relatives were affected with Vitiligo, which was 9-fold higher than the prevalence rate in the general population. Their follow-up analysis confirmed the original linkage finding at the AISI locus with highly significant linkage evidence (nonparametric LOD [NPL] score of 5.56) and identified additional linkage evidence genome-wide linkage analysis, using 102 multiplex families (including the 70 families used in the previous genome-wide scan) (Spritz et al., 2004). The linkage results from the 102 families reinforced the strong support for the AIS1 locus and also confirmed the previously suggestive linkage findings on chromosomes 7q and 8p (AIS2 and AIS3). The study also provided supporting evidence for a disease locus on chromosome 17, which likely co-responds to the SLEV1 locus identified by (Nath et al., 2001). Interestingly, by stratifying their 102 families into autoimmunity and non-autoimmunity associated groups. Spritz and colleagues (2004) found that, whereas the linkage evidence at the AIS1, AIS2, and SLEV1 loci was mainly from the autoimmunity-associated families, the evidence at the AIS3 locus was primarily from the non-autoimmunity-associated families, suggesting that generalized vitiligo might be divided into two distinct phenotypic subcategories that involve different disease loci or alleles. In addition to the genome-wide linkage analysis, population-based association analysis was used to investigate several candidate genes for vitiligo-for example, CTLA4 (Kemp et al., 1999; Blomhoff et al.,2005), CAT, and TAP1(Casp et al.,2002 and 2003), MC1R and ASIP, ACE fand HLA. The extent of familial aggregation of vitiligo is statistically significant. The pattern of relationship between relative risk and degree of kinship indicates that the disease is associated with genetic loci on different chromosomes, which points to a polygenic nature of the disease (Das et al.,1985; Majumdar et al.,1993). Concerning this, it is known that Vitiligo is frequently associated with several other autoimmune diseases including uveitis (Park et al., 1992), diabetes mellitus, autoimmune thyroid disease (Hegedus et al., 1994), and atrophic gastritis (Zauli et al., 1986). Further, several positive human leukocyte antigens (HLA)-associations for vitiligo have been reported: HLA-A2, HLA-Dw7 (Buc et al.,1996), HLA-DR4I (Dunston and Halder.,1990; Foley et al.,1983), B13, Bw35, Cw7 and DR6 (Venneker et al.,1993). The initiation of antigen-specific T-cell-dependent immune responses generally requires co-stimulation through CD28/B7 (CD80 or CD86) ligation. In addition, it was shown that interaction of APC expressed B7 with T-cell-expressed cytotoxic T-lymphocyte-associated molecule-4(CTLA4) delivers a negative signal for T-cell response. CTLA-4 gene polymorphism was described in autoimmune diseases like Grave’s disease, autoimmune hypothyroidism (Kotra et al.,1997), and Addison disease (Kemp et al., 1998a). Therefore it was suggested that aberrant CTLA-4 expression or function, based on such polymorphism, may be related to the occurrence of these diseases. Recently, CTLA-4 gene polymorphism has been described in a group of vitiligo patients who also presented with other autoimmune diseases (Kemp et al.,1999). It was suggested that this polymorphism may confer susceptibility to autoimmune-mediated mechanisms of melanocyte destruction in Vitiligo through inadequate self-tolerance.

Immunological basis of Vitiligo:
Humoral response
           Antibodies reactive against melanocyte–derived antigens have been demonstrated in the serum of vitiligo patients. Several authors reported that the principal antigen recognized by these autoantibodies is tyrosinase (Fishman et al., 1997; Kemp et al.,1997; Song et al.,1994). Other melanocyte differentiation antigens that are recognized are gp 100/Pmel 17, and tyrosinase-related- proteins (TRP-1) and TRP-2 (Kemp et al., 1998b, 1998c). These differentiation antigens all localize primarily to the melanosomes (Hearing., 1999), whereas it has been well established that antibodies that antibody-mediated killing require membrane expression of the target antigens. Surprisingly, however, it was observed that patients’ sera can induce in vitro damage to melanocytes via the classical pathway of complement activation and by anti-body dependant, cellular toxicity (Norris et al., 1988) and that at least some of the antibodies recognize membrane- expressed melanocyte antigens (Naughton et al., 1983a, 1982b; Yu et al., 1993). Further, it was shown that TRP-1 can be expressed on the cell surface of human and mouse melanoma cells suggesting that this differentiation antigen may represent a target for melanocyte destruction in vivo. Passive transfer of monoclonal antibodies against TRP-1 was found to induce melanoma regression as well as patchy vitiligo-like depigmentation in mice (Hara et al., 1995). Further, it was shown that immunological tolerance for TRP-1, when expressed in allergenic cells or recombinant vaccinia virus (Naftzger et al., 1996; Overwijk et al., 1999) and DNA- encoding xenogeneic TRP-1 (Weber et al., 1998). In these melanoma models, vaccination-induced coat depigmentation was mediated by the IgG class of anti-TRP-1 antibodies and occurred in the absence of detectable CTL responses. The strongest evidence of a role for autoantibodies in melanocyte destruction in vitiligo was obtained in a Vivo model using nude mice grafted with normal human skin. When these mice were injected with purified IgD of vitiligo patients, it was observed that epidermal immunoglobulin deposits coincided with melanocyte destruction. However, a report on insitu immunoglobulin tolerance for TRP-1 in mice can be broken by active immunization with syngeneic TRP-1, when expressed in allogeneic cells of recombinant vaccinia virus (Naftzger et al., 1996; Overwijk et al., 1999) and also with naked plasmid DNA- encoding xenogeneic TRP-1 (Weber et al., 1998). In these melanoma models, vaccination-induced coat depigmentation was IgG class of anti-TRP-1 antibodies and occurred in the absence of detectable CTL responses. The strongest evidence of a role for autoantibodies melanocyte destruction in vitiligo occurs in the absence of detectable CTL responses. The strongest evidence of a role for autoantibodies for melanocyte destruction in vitiligo was obtained in an invivo model. Using nude mice grafted with normal human skin. When these mice were ejected with purified IgG of vitiligo patients, it was observed that epidermal immunoglobulin and complement van den Wijngaard deposits in human vitiligo for limited or contradictory (Abdel- Naser et al., 1994; Uda et al., 1984; Yu et al., 1993). Furthermore, these deposits were observed on keratinocytes, not melanocytes. Therefore these auto-reactive antibodies may be secondary to melanocyte destruction. Nevertheless, they are not of prime importance for the autoimmune reaction, autoantibodies may serve as a good prognostic marker for disease activity. Indeed, a correlation was shown between the presence and titer of anti-pigment cell antibodies and disease activity (Harning et al., 1991).

Cellular Immune Response:

      The first indication of a possible role of T cells in the pathogenesis of vitiligo came from a case report on inflammatory vitiligo (Buckley., 1953: Garb and Wise., 1948: Michalsson., 1968). In this rare disorder, the depigmented lesion is surrounded by a raised red rim. Histopathological investigation of the perilesional skin suggested the involvement of lymphocytes in the depigmentation process. Immunohistological studies have now confirmed the presence of infiltrating T cells and their frequent opposition to perilesional melanocytes in this type of vitiligo (Le Poole et al., 1996). Importantly, similar insitu T cell infiltrates with a predominant presence of CD8- T cells have also been detected in common generalized vitiligo (Abdel-Naser et al., 1994: Badri et al., 1993; Gross et al., 1987; Van den Wijgaard et al., 2000). Recently Melan-A specific CD-8 T cells were identified in the peripheral blood of vitiligo patients by the tetramer technique (Ogg et al., 1998). Melan –A/MART-1 is one of the melanocyte-specific differentiation antigens that are being recognized by CTL in melanoma (Coulie et al., 1994). High numbers of Melan-A-specific CD-8 T cells were observed in 7 to 9 patients with HLA-A *0201-positive vitiligo (Ogg et al., 1998). The frequency of these cells among the total T cell pool correlated with disease activity and isolated and Melan-A tetramer-positive T cells among the total T cell pool correlated with disease activity and isolated Melan A tetramer-positive T cells were able to lyse HLA matched melanoma cells in vitro. Moreover, the blood-derived melan-A recognizing cells express the skin-homing receptor cutaneous lymphocyte-associated antigen (CLA) (Picker et al., 1990). The importance of skin-homing CD8 cells was confirmed in an immunohistochemical investigation of perilesional skin samples (Van den Wijngarad et al., 2000). Most of the melanocyte-apposing T cells were CD8/CLA and the majority of these T cells also expressed the cytotoxicity effectors molecules perforin and granzyme. The latter finding is of particular importance because in vitro experiments have indicated that melanocytes are sensitive to the granule exocytosis pathway of apoptosis induction (Perforin/granzyme) but resistant to the Fas-ligand-mediated pathway (Rivoltini et al., 1998). Early clinical observations indicated that the presence of vitiligo has a favorable influence on the average 5-year survival rate of patients with malignant melanoma (Bystryn et al., 1987; Nordlund et al., 1983). Furthermore, IL-2-based immunotherapy studies in melanoma patients suggested a role for auto-reactive CTL in vitiligo. In these studies, 26% of responding patients developed vitiligo in conjunction with melanoma regression, whereas no depigmentation was observed in non-responding patients and patients with unrelated malignancy. It should be emphasized that in vitro experiments demonstrated that CTL generated from melanoma tissue also recognize differentiation antigens expressed by normal human melanocytes (Anichini et al., 1993). Moreover clonally expanded T cells with identical T cell receptors V region were simultaneously demonstrated in the vitiligo-like halo around a regressing melanoma CTL have been observed in peripheral blood of vitiligo patients (Ogg et al., 1998). And in melanoma patients with concurrent vitiligo, but not in melanoma patients without vitiligo (Pittet et al.,1999). Moreover, regression of metastatic melanoma and the occurrence of vitiliginous skin lesions in response to immunization with Melan-A peptides were both associated with the oligoclonal expansion of Melan-A-reactive CTL (Jager et al., 2000). Also when a patient with metastatic melanoma was infused with Melan-A specific CD8 T cells, this patient develop inflammatory skin lesions and depigmented spots that were associated with the local presence of these T cell clones (Yee et al., 2000). Taken together the accumulated data indicate that CD8 CTL plays an important role in the immune-mediated destruction of autologous melanocytes. However cellular cytotoxicity against melanocyte differentiation antigens may not be solely dependent on MHC class I restricted T cells.Melan-A-specific CD4-CTL has been generated from patients with melanoma as well as from normal control donors (Rivoltini et al., 1998; Zarour et al.,2000). The invivo activation of such CD8 CTL may occur when professional APC after endocytosis of dying melanocytes, migrate to skin-draining lymph nodes to present peptides derived from melanosomal antigens (Das et al., 2001). However, the actual killing of melanocytes by MHC class-II- expressing CTL also requires that the target cell present endogenous melanosomal by MHC class-II restricted CTL also requires that the target cell produce endogenous melanosomal proteins in the context of MHC class-II molecules (Rivoltini et al., 1998). It is known that melanosomal glycoproteins are transported to the melanosomes by a dileucine-based sorting and retention motif, called the melanosomal transport signal (MTS) (Vijayasaradhi et al., 1995). Recently it was shown that this MTS motif can also target protein to the endocytic pathway, leading to peptide presentation by MHC- class II molecules to helper T cells (Wang et al., 1999). This may provide an explanation for the observed in vitro recognition of endogenous melanocyte differentiation antigens by cytotoxic CD4 CTL. Moreover, because enhanced numbers of MHC class II expression melanocytes were reported in perilesional skin (Al Badri et al., 1993; Le Poole et al., 1996), quantitative changes in MTS trafficking may be an additional cause of CTL-mediated melanocytes destruction in vitiligo. A further role of CD4 T cells in the autoimmune killing of melanocytes was indicated when melanocyte destruction in mice was evoked by active immunization against the TRP-2 melanocyte differentiation antigen. This response was, although mediated by CD8 T cells, also dependent on the presence of CD4 T cells (Bowne et al., 1999). The importance of cell-mediated response was emphasized by the predominant presence of type -1 T cells at the perilesional site of the active lesion. Type-1 T cells are involved in cell-mediated inflammatory reactions, whereas type-2 T cells are found in association with strong antibody responses. In a recent study, in vitro cytokine profiles of nonspecifically stimulated T cell clones, derived from the border of the depigmented lesion, were compared to those of nonlesional skin. It was found that the active vitiligo lesions are mainly infiltrated with type-1 T cells, whereas uninvolved skin contains type-2 and type-O subsets. Furthermore, some of these perilesional type-1-CD8 T cells were able to kill autologous melanocytes in an HLA Class I restricted manner. Although these findings provide further evidence for the importance of auto-reactive T cells in skin depigmentation (type-1 response on the border area), the observed type-2 response at the nonlesional site may play a role in restriction the exacerbation of disease (D’ Ambrosio et al., 2000). 

Vitiligo and apoptosis:
      In vitiligo patients, the apoptotic pathway has been suggested for melanocyte death although the exact pathway is yet unknown. Cytokines such as IL1, IFN γ, or tumor necrosis factor α (TNFα) that are released by lymphocytes, keratinocytes, and melanocytes can initiate apoptosis. An increased level of TNF α, a paracrine inhibitor for melanocytes can lead to its death. Activated cytotoxic T lymphocytes can also induce apoptosis through the perforin/ granzyme or Fas/ Fas ligand pathway. The regulatory molecule of apoptosis seems to be well expressed in vitiligionus melanocytes and it shows relative apoptotic susceptibility of vitiligo melanocytes is comparable to that of normal melanocytes (van Den Wijingaard et al.,2000). 

Biological factors: 
      Inhibition of crucial factors such as tyrosinase and melanogenic enzymes for example by targeting MITF (Steingrimsson et al, 2004) a key regulator of melanocyte function. Several biological compounds including transforming growth factors (TGF-β1), tumor necrosis factor (TNF- α), interleukin 1 and 6 (IL-1, IL-6), dickkopf 1 (DKK1), calpain inhibitors, lysophosphatidic acid (Kim DS et al, 2004) and C2 ceramides can inhibit the function of tyrosinase and related enzymes (TYRP1 and DCT), mainly through down-regulation of MITF are the mechanism of induction of hypopigmentation in the skin. Hypopigmentation properties of unsaturated fatty acids (eg. linoleic acid) result from increased ubiquitination of tyrosinase that decreases its enzymatic function. RWJ- 50353, a serine protease inhibitor, leads to depigmentation in reconstructed skin and dark-skinned Yucatan swine by affecting melanosome transfer and distribution (Seiberg M et al, 2000). Centrauridine a flavone (Ito Y et al, 2006) from Achillea millefolium, and methylophiopagonanone B (MOPB) a homoisoflavinoid from Ophigogan japonicus (mondo grass) block melanosome transfer by inducing the retraction of melanocyte dendrites through activation of GTPase Rho (the master regulator of dendrite formation in melanocytes. Niacinamide (an amide from Vitamin B3) inhibits melanosome transfer in vitro and by a significant effect on reducing hyperpigmentation in vivo. Another in vitro study showed that plasma membrane receptors and inhibiting melanosome transfer (Minwalla et al, 2001). Tryptophan metabolites from Malassezia yeast induce apoptosis in human melanocytes, which leads to depigmentation of skin (Kramer HJ et al, 2005).

Chemical and drug induced vitiligo:


Many of the chemical agents used to induce hypopigmentation affect tyrosinase function.
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Fig2. Schemantic drawing showing several pathways and factors responsible for melanocytes death.
6BH4 = (6R) - 5, 6, 7, 8-tetrahydrobiopterin, MAO = monoamine oxidase, COMT = Catechol-O- methyl transferase, PNMT = Phenylethanolamine-N-Methyl transferase, GFRP = Growth factor regulatory protein, HNF – 1 = Hepatocyte nuclear factor 1, ADCC = Antibody dependent cell mediate cytotoxicity, qBH2 = quinoid dihydobiopterin, H202 = Hydrogen per oxide.
Phenolics such as hydroquinone (HQ) are considered one of the most effective inhibitors of melanogenesis and are regarded as a reference standard for the evaluation of depigmenting agents. Hydroquinone decreases tyrosinase activity by about ~90% via the generation of quinines and reactive oxygen species (ROS) that induce damage in membrane lipids and proteins, by interacting with copper and other active sites of enzyme and by affecting menalosome function (Briganti S et al, 2003). There are many side effects of hydroquinone such as skin irritation, contact dermatitis, and rarely ochronosis, blackish hyperpigmentation very resistance to treatment. 

Figure 3. Schematic diagram showing factors responsible for death of melanocytes. 
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Another common agent is arbutin, a natural β- glycoside of HQ isolated from the fruit of Aesaelus californica it is a more potent synthetic α- glycoside form and synthetic deoxyarbutin are very efficient tyrosinase inhibitors. Kojic acid, a fungal metabolite product from Aspergillus and Penicillium species is commonly used in Asia as a whitening agent and diet supplement, it acts as a tyrosinase inhibitor by chelating copper at the active site of the enzyme (Battaini G et al, 2005). It’s a hypopigmentary agent in combination with other substances it has a high sensitizing potential and can cause contact dermatitis (Lim JT, 1999). Its concern has been raised about possible carcinogenic effects. Aloesin is a natural derivative of aloe vera and acts as a competitive inhibitor of DOPA oxidation and a noncompetitive inhibitor of tyrosine hydroxylase activity (Jones K et al,2002). Aloesin in combination with arbutin inhibited UV- induced melanogenesis (Choi S et al, 2002).

             Azelaic acid a dicarboxylic acid isolated from a culture of Pityrosporum ovale exerts antiproliferative and cytotoxic effects by inhibiting mitochondrial oxidoreductase and DNA synthesis (Fitton A and Goa KL, 1991) in highly active (or abnormal) melanocytes and act as a weak inhibitor of tyrosinase activity. Retinoic acid is the most important agent in this context and acts by disrupting pigment transfer, inhibiting the dispersion of pigment granules in keratinocytes, accelerating epidermal turnover, and inducing desquamation (Nair X et al,1993). Topical tretinoin has efficacy in treating hyperpigmentation disorders, although side effects such as erythema, peeling and PIH have been reported.

A high dose of simvastatin (80 mg OD), an immunomodulator was observed in a dose-dependent fashion to reduce IFN- -γ, induced MHC-II expression through activation of CIITA promoter-1. Therefore the use of immunomodulators could be useful for the treatment of vitiligo.

 Natural products:
      Szczurko reported a systemic review on natural health products for treatment. This treatment showed an adverse effects of erythema, nausea, and headache. Bedi, 1989 reported treatment with methoxsalen tablets + methoxsalen ointment + Picorrhizia kurroa rhizomes + sun exposure and concluded that 93% of patients responded to treatment and 27% achieved complete cure and adverse effects of pruritis in some cases. Cheng, 1987 reported treatment with suntan effective after 60 days. Liu, 2003 studied the Xiabai mixture (walnut, red flower, black sesame, black beans, Zhi bei fu ping, lu tu tong) and got a 95% result. Middelkamp- Hup, 2007 studied Polypodium leucotomos + NB-UVB and concluded increased repigmentation in the head and neck region with adverse effects of mild transient itching and mild gastrointestinal completion. Prasad reported the use of Ginkgo biloba against vitiligo and found it significantly more effective with the adverse effect of 2 nausea cases. Valkova., 2004 reported the use of Khellin in water/ oil, where KUVA and PUVA gave similar results. And Anonymous, 2006 reported the use of PUVA+ Polypodium leucotomos and find 50% better results in his treatment.

Therapies on Vitiligo: 

      Amelanotic melanocytes are found in the external root sheet of the hair follicle; further studies with psoralens and UVA therapy, demonstrated DOPA negative, non- dendritic pigment cells along the external root sheath of the hair follicle which migrate towards the epidermis and gradually transformed into mature, dendritic tyrosinase positive melanocytes repopulating the basal cell layer; a melanocyte reservoir in the hair follicle was then postulated and confirmed by Cui et al, 1991. The presence of small, dendritic, tyrosinase negative, and c-kit positive melanocytes are found mostly around the follicular ostium, later on, melanocytes stem cells of hair follicle muscle, tightly bound to hair cycling. These immature melanocytes at different stages of development may be stimulated to originate repigmentation when needed in addition numerous pigment cells are not destroyed during depigmentation and those at the border of depigmented lesions, may also reproduce or migrate to depigmented skin but as a less effective mechanism.

      Vitiligo area measurement: The lack of a universal method for evaluation of the affected areas makes it difficult to assess the validity of therapeutic success when comparing the results of different series of digital measurement software that is also available for measuring vitiligo areas. Two important methods, the Vitiligo Area Scoring Index (VASI) designed to measure vitiligo areas, and Dermatology Life Quality Index (DLQI) to estimate the subjective improvement as seen by vitiligo patients (Kent and al-Adadie, 1996).

Vitiligo therapy:  

The initial treatment for depigmentation in vitiligo is medical therapy. Tropical therapy for vitiligo is usually recommended when depigmentation is less than 10-20% of the skin surface (Grimes and Billips, 2000; Menchini et al, 2004) and systemic therapy of small areas fails, systemic treatment may be indicated. Repigmentation is slow and patients should be advised about compliance and patience. Follow-up visits should be around 2-3 months apart. Medical therapy will be divided into the following categories: 1) corticosteroids, 2) immunomodulators, 3) ultraviolet radiation; 4) lasers; 5) alternate therapy; 6) depigmentation, and 7) psychological support and camouflage. 

Corticosteroids can suppress the immune system by decreasing immunoglobulin and complement. In vitiligo, a reduction of antibody-mediated cytotoxicity against pigment cells has been observed following treatment with systemic steroids. On randomized control trial on 29 patients showed that corticosteroids in class 3 and class 4 were most effective for localized vitiligo (Njoo et al, 1998). 0.05% clobetasol propionate as an important therapy, tropical, potent, and ultra-potent corticosteroids should be limited to 2-4 months to avoid local side effects (atrophy, telangiectasia, striae) and percutaneous absorption with chronic adrenal insufficiency. Small doses of prednisolone (0.3 mg/kg body weight) result in 87.7% arrest of progression and 70.4 % repigmentation. 

Tacrolimus inhibits T- cell activation by down-regulation the transcription of the gene encoding proinflammatory cytokines IL-2, IL-3, IL-4, IL-5, interferon (IFN), tumor necrosis factor (TNF), and granulocytes macrophage colony-stimulating factor (GM-CSF) in T- cells. In a controlled study, significantly increased expression of IFN-γ, TNF-α, and IL-10 in vitiligo skin with subsequent lower post-treatment expression of TNF –α was found, suggesting that cytokine imbalance plays a role in vitiligo depigmentation (Grimes,2004). In addition, the proliferation of melanocytes and melanoblasts, as well as significantly enhanced stem cell factor (SCF) in vitro, and metalloproteinase-9 (MMP-9) activity -which is involved in cell migration-, occurs with tacrolimus-treated keratinocyte supernatants; theses findings suggest the effects of tacrolimus on melanocyte growth and migration during repigmentation. 

There are five basic methods for surgical therapy of vitiligo 1) non-cultured epidermal suspension 2) thin dermo-epidermal grafts; 3) suction epidermal graft; 4) mini grafting and punch grafting (Ramos et al., 2017, Kachhawa et al., 2017); 5) in-vitro cultured epidermis with melanocytes or pure melanocyte suspensions. All methods provide the best result and the most important factors for success are patient selection and the surgeon’s expertise. Some other surgical methods are micro-pigmentation and repigmentation of leukotrichia. 
      The side effects of vitiligo surgery infection are prevented by maintaining aseptic conditions to prevent bacterial infections (Gupta and Kumar,2003) reactivation of herpes simplex is avoided. Post-inflammatory hyperpigmentation appears and a genetic diathesis cannot be excluded. Irregular pigmentation after a surgical procedure may appear, but it happens more frequently with technical errors than because of the patient’s response. Hypertrophic scars, thick grafts, and irregular surfaces are the most frequent side effects.

Conclusion:
      Three important hypotheses have been formulated to explain the etiology of vitiligo: the autoimmune, the self-destruction, and the neural theory. Recently obtained evidence strongly indicates that vitiligo is an autoimmune pigmentary disorder. A better understanding of the complex interactions between regulators of the melanogenic pathway and the developmental novel approaches to modulate pigmentation followed by strictly controlled clinical trials to assess the safety and efficacy of these drugs would be desirable. 
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