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INTRODUCTION

Vitiligo is an autoimmune disorder in which depigmentation 
of the skin occurs and white patches appear in different parts 
of the body. In vitiligo, both humoral and cell-mediated im-
mune system work hand in hand and destroy melanocytes.1 
Several studies have been conducted all around the world 
to understand the etiology of the disease. It is possible to 
fight back disease or find out an effective defence against 
any particular disease only and only if the detailed causative 
mechanism of the disease is comprehended. So far, consid-
erable progress has been made in understanding the vitiligo 
and underlying mechanism of the disease. Investigations 
have revealed various causes and mechanism of occurrence 
of the disease. The disease has been surely recognized as an 
autoimmune disorder. It is a chronic pathological condition. 
Currently, vitiligo has been topographically classified into 
segmental, zosteriform & nonsegmental, areata, vulgaris, 
acrofacialis and mucosal.2 Some people experience itching 
before a new patch appears.3 Studies show that white patches 
of vitiligo are often surrounded by a prominent pigmented 

border which is termed as the ‘trichrome vitiligo.2 Vitiligo 
has been found to have morphological variations. The vari-
ous morphological variations of vitiligo are trichrome, quad-
ri-chrome, penta-chrome, blue and inflammatory vitiligo.2 
There is no specific treatment to cure the condition. But there 
are some medicines and ointments that can restrict the spread 
of the white patches. Around 1% of people around the world 
is the victim of vitiligo.3 Studies have shown that stress to 
melanocytes leads to vitiligo.4 Mechanical stimulus or chem-
ical exposure or sunburn may induce stress to melanocytes 
thus altering their normal physiology. This initiates a cascade 
of the autoimmune response in which body destroys melano-
cytes. As a result of this, white patches appear.  Nowadays 
oxidative stress is linked with triggering the autoimmune re-
sponse which is responsible for the occurrence and spread of 
vitiligo.5 90% of vitiligo patients studied were found to have 
higher activity of superoxide dismutase (SOD) enzyme com-
pared to normal people establishing the involvement of oxi-
dative stress in vitiligo.4 Oxidative stress may also simulate 
the targeting of melanocyte by promoting antigen presenta-
tion.5 Interleukin (IL)-17-mediated responses and Interferon 
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(IFN)-γ/CXCL10 axis are the two major key players in the 
autoimmune destruction of melanocytes.4 IL17 is involved 
deeply in the pathogenesis of various autoimmune disorders5 
and vitiligo is one among them.6-8 Vitiligo has been found 
to coexist with other autoimmune disorders such as Sutton 
or halo nevus, and malignant melanoma.9 Details about the 
available treatments of vitiligo have been discussed in the 
later part of our review article. 

Figure 1: Classification of Vitiligo.

Oxidative stress and vitiligo
Studies reveal that exposure to certain stimulants such as 
sunlight, chemicals etc., induce oxidative stress in cells 
which renders the melanocytes susceptible to destruction by 
autoimmune responses. Thus vitiligo may be caused due to 
exposure to certain chemicals and even sunlight or anything 
that may induce oxidative stress in the melanin-containing 
cells in our skin.10 Genetic polymorphism of the Nrf2 pro-
moter region is associated with vitiligo risk in Chinese popu-
lations.11 A significant association between single nucleotide 
polymorphism (SNP) rs3565214 within NRF2 and vitiligo 
has been reported in a study conducted on Chinese popula-
tion.11 Nrf2 is a basic leucine zipper (bZIP) protein which 
is known to regulate the expression of antioxidant proteins 
that protect against oxidative damage mediated by oxidative 
stress induced by injury and inflammation. 

The indigenous antioxidant enzyme SOD is linked to viti-
ligo. This further confirms the link of oxidative stress with 
the disease. Studies show that people with vitiligo have a sig-
nificantly higher level of SOD activity in serum and tissues 
from perilesional areas.12 Oxidative stress has been found to 
cause overexpression of iHSP70 in the skin of mice. Overex-
pression of iHSP70 has been found to cause melanocyte loss 
in mice.13 Oxidative stress-mediated damaged and dilated 
endoplasmic reticulum has also been found in melanocytes 
from perilesional areas in vitiligo patients.14 Endoplasmic 
reticulum (ER) is a site for maturation and bond formations 
in proteins. Oxidative stress-mediated damage in ER leads 
to accumulation of misfolded proteins. This stimulates UPR 
(unfolded protein response)  which initially stops overall 
protein synthesis, produces chaperons etc. UPR if activated 

long term, leads to apoptosis. Certain phenolic chemicals 
which cause vitiligo are known to induce oxidative stress 
and activate UPR. UPR stimulates the production of  IL-6 
and IL-8 cytokines which can attract immune components to 
the skin15 (Fig.2).

Our immune system and vitiligo
The autoimmune disorder leads to the destruction of the 
body’s melanin-containing cells which causes vitiligo. Cer-
tain autoimmune diseases like Graves disease and Hashi-
moto thyroiditis have been reported to be associated with 
vitiligo.16-18 Vitiligo is strongly associated with thyroid dis-
order.16,17 CD 8+ T cells are specific for melanocyte destruc-
tion.19 Studies conducted in murine vitiligo model suggests 
the correlation between the presence of TRP2-180-specific 
CD8+ effector T cells and the development of vitiligo.19 Stud-
ies show that  CD8+  T cell count increased in vitiligo pa-
tients compared to normal people.17 White patches of vitiligo 
are often found to be returning after discontinuing treatment. 
The reason for such recurring of vitiligo spots has been re-
cently found out to be associated with the presence of  ‘Tis-
sue-resident memory T cells (Trm)’. Trm is formed in the 
skin in vitiligo and they persist and maintain the disease.20 
IFN-γ has also been found to be intimately associated with 
the autoimmune disorder mechanism responsible for the oc-
currence of vitiligo. IFN-γ has been found to upregulate the 
expression of CXCL10. CXCL10 is a chemokine which is 
known to control the invasion of follicular and epidermal tis-
sues by CD8 + T cells.21 `IFN-γ, IL-21, and IL-10 co-expres-
sion has been found to cause autoimmune vitiligo lesions in  
Smyth line chickens22. Functional association between Trm 
and recirculating memory T cells (Tcm) has been studied in 
murine model.20 It has been found that autoantigen in the 
skin is sensed by both Trm and Tcm even long after stabi-
lization of vitiligo. This results in the production of IFNγ, 
CXCL9, and CXCL10 which leads to recurring of the white 
patches of vitiligo.20 Thymic stromal lymphopoietin (TSLP) 
has been reported to be linked to the pathogenesis of vitiligo. 
Significantly increased expression of mRNA TSLP has been 
found in patients of vitiligo compared to that of normal.23  
IL-15 signalling has also been found to be related to the 
pathogenesis of vitiligo.24 Patients receiving immunother-
apy for metastatic melanoma has been reported to develop 
vitiligo-like depigmentation25, thus, establishing the fact 
that our immune system is intimately associated with the 
pathogenesis of vitiligo. 

IL 17 has been recognized to be intimately associated with 
the pathogenesis of vitiligo.6-9 Studies reveal that drugs and 
treatments like phototherapy etc.  which treat vitiligo,  mod-
ulate the level of IL-17.8 Systemic, tissue, and cellular lev-
els of IL-17 have been reported to be raised in patients with 
vitiligo.8 T helper cell 17 (Th 17)  is the one who expresses 
the cytokine IL 17  has also been shown to be increased in 
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patients with vitiligo.6,8 The increased levels of IL-17 have 
also been reported in serum and lesional skin of patients with 
vitiligo thus establishing the fact that IL 17 plays an impor-
tant role in the pathogenesis of vitiligo.9 Other cytokines like 
IL21, TGF-β, (TNF)-α etc. have also been found to be in-
creased in patients with vitiligo. 

In vitiligo, melanocytes are targeted by the immune sys-
tem. Those melanocytes produce ‘melanin’-the pigment 
molecule which exhibits radical scavenging property. The 
molecules like gp100, MART-1, TRP-2 and TRP-1 etc. and 
enzymes like tyrosinase etc. are involved in the process of 
synthesis of melanin. Studies reveal that those molecules are 
the prime targets of the immune system in vitiligo. In other 
pathogenic conditions like melanoma also, those molecules 
are the targets of the immune system.26  Studies conducted 
on Ezyptian population show that there was a significant in-
crease in HLA-A1, A19, B16, CW4, CW 6, DR 4, DR7 and 
DQ3 in Vitiligo patients compared to that in controls. The 
study also reveals that increased frequency of HLA-A28, 
B16, B27, B48, CW2 and DQ3 is remarkable in familial viti-
ligo. On the other hand, an increased frequency of HLA-A1, 
CW6 and DR13 is observed in non-familial vitiligo patients. 
Thus, heterogeneity in the pathogenic process between fa-
milial and nonfamilial vitiligo is comprehended in such stud-
ies.27

Class I and class II major histocompatibility complexes 
(MHC I & II) were associated with vitiligo.28  Melanocytes 
have been found to be capable of presenting antigens in the 
context of MHC class II.28   In a study conducted on Euro-
pean –derived Caucasian populations,  it has been found that 
autoimmune vitiligo is strongly associated with MHC class 
II region SNPs in the vicinity of the HLA-DRB1 and HLA-
DQA1 genes.29 Thus, there is a strong genetic risk for vitiligo 
associated with the MHC class II region30 which localizes to 
a haplotype of only three SNPs, which do not encode cod-
ing structural variants in the antigen-binding sites of HLA 
molecules.30 Rather, the high-risk MHC class II SNP hap-
lotype is known to be completely intergenic and is located 
between HLA-DRB1 and HLA-DQA1, which are present in 
opposite transcriptional orientations.30 Further studies reveal 
that susceptibility to autoimmune vitiligo in the MHC class II 
region is associated with the quantitative effect of increased 
levels of surface expression of HLA molecules30 (Fig. 2).

Genes, autoimmunity and vitiligo
Current studies show that almost all genes associated with 
autoimmune susceptibility may contribute to the occurrence 
of vitiligo.  Genetics may not be addressed as a separate 
cause for vitiligo. Rather, genes that cause autoimmunity 
to melanocytes are the ones responsible for causing viti-
ligo.9,31 Presently strong evidence in support of only a few 
genes which are responsible for vitiligo occurrence has been 
presented. Few such genes identified responsible for viti-

ligo are HLA, PTPN22, NALP1 and perhaps CTLA4, etc. 
Those genes are also responsible for autoimmune suscepti-
bility.9,32,33 A genetic mutation has also been found to be as-
sociated with the occurrence of vitiligo9 (Fig.2).

Figure 2: The possible causes and mechanism for the makeo-
ver of vitiligo. 

Other causes of  vitiligo
Long term consumption of fast food, convenient food and 
processed food which contain lots of artificial colours, pre-
servatives and other chemical ingredients in them induces 
oxidative stress in our body which may be considered re-
sponsible for the occurrence of vitiligo.   Studies show that 
toxic compound accumulation in cells and altered cellular 
environment may lead to vitiligo 9. Also, modernization 
and our changing lifestyle may be considered responsible 
for stimulating the occurrence of vitiligo. Studies show that 
mental stress, depression and anxiety are positively correlat-
ed to vitiligo.9, 34,35 Mental stress and depression up-regulates 
formation and release of certain neurohormones which in 
turn are linked with our immune system. Such immunomod-
ulatory effect of those neurohormones is considered to play a 
significant role in the initiation of vitiligo.35

Certain other chemical compounds have been identified 
which may induce vitiligo and human are known to get 
in contact with such chemicals due to occupational pur-
poses. Some such chemicals are p-tert-Butylchatechol, p-
tert-Butylphenol, p-tert-Amylphenol, Monomethyl ether 
of hydroquinone (p-methoxy phenol), p-hydroxyanisole), 
Monoethyl ether of hydroquinone (p-methoxyphenyl), 
p-Phenylphenol, p-Octylphenol, p-Nonylphenol, p-Iso-
propylcatechol, p-Methylcatechol, Butylated hydroxytol-
uene, Butylated hydroxyanisole, Pyrocatechol (1,2-benxen-
ediol), B-Mercaptoethylamine hydrochloride (cysteamine) 
N-(2-mercaptoethyl)-dimethylamine hydrochloride, 
Sulfanolic acid, Cystamine dihydrochloride, 3-Mer-
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captopropylamine hydrochloride,p-Cresol, Mercurials,  
Arsenic, Cinnamic aldehyde,p-Pheylenediamine, Benzyl al-
cohol, Azaleic acid, Corticosteroids. Optic preparations like 
Eserine (physostigmine),Diisopropyl, fluorophoshate, Tio-
tepa (N, N’, N”-triethylene-thiophosphoramide) (Fig.2).

Treatments of vitiligo
Current trends of treatment of vitiligo involve repigmenta-
tion of affected areas. Studies reveal that topical corticos-
teroids are the primary therapy of vitiligo.36 Prostaglandin is 
used in a topical ointment for repigmentation in treatment of 
vitiligo.37 Some drugs have been reported to be effective as 
well37,38. Drugs like Minocycline are in use against vitiligo.38 
Those drugs work against vitiligo under their antioxidant 
and immunomodulatory properties.38 Dexamethasone has 
also been studied against vitiligo.39 On the other hand, cor-
ticosteroids have also been reported to be effective in treat-
ing vitiligo40 but they bring side effects in patients.41 Certain 
immunomodulatory drugs are in use against vitiligo. Drugs 
like pimecrolimus which is a calcineurin inhibitor and Tac-
rolimus, an immunosuppressant that comes from the fungus 
Streptomyces tsukubaensis, has been reported to heal vitiligo 
successfully and significantly41. Such drugs may have deadly 
side effects and cause skin cancer etc.41 Therefore much use 
of such drugs should be restricted and should always be con-
tinued with strict and regular clinical advice. Simvastatin, 
a cholesterol-lowering drug, has also been found to effec-
tive against vitiligo under its radical scavenging activity and 
immunomodulatory property 42. Simvastatin lowers IFN-γ 
and has effects on CD8+ T cells.42. Blocking recruitment of 
Tcm to the skin with FTY720 has been reported to reverse 
vitiligo. Also, depletion of  Tcm using low dose Thy1.1 an-
tibody has been found to reverse disease. These indicate that 
Trm and Tcm cooperate to maintain vitiligo.20 Richmond et 
al. have also recently reported that vitiligo may be durably 
reversed by blockade of IL-15 signalling using antibody.24

Studies reveal that combination therapy may be effective 
against vitiligo.43,44 Psoralen and light therapy are in use. 
Psoralen may be consumed orally or applied on the effected 
area and then the patient is exposed to ultraviolet A or B light 
bands and has been found to cause the appearance of normal 
skin colour on the affected areas.43 Novel combination thera-
py against vitiligo using lipid-based nanoemulsion gel using 
trimethylpsoralen and flavonoid have also been studied and 
found to be effective.44 It has been reported that platelet-rich 
plasma has a potential role in combined therapy against viti-
ligo.45 Such combination therapies are reported to have better 
effects in treating vitiligo.43 Laser therapy involves the use 
of UVB A or B bands along with ointments as already dis-
cussed.43 But these treatments are not always effective and 
do come with side effects, pains and scars. Hence laser treat-
ment of vitiligo is not much popular.

Another therapeutic option available against vitiligo is sur-
gery. Needling, autologous punch and suction blister grafts, 
melanocyte keratinocyte transplantation (MKTP) i.e., the 
non-cultured epidermal cell suspension etc., are the various 
surgical procedures in use against vitiligo.46,47

Depigmentation therapy is also used for vitiligo. It is used in 
patients with extensive vitiligo. Compounds like Monoben-
zyl ether of hydroquinone (MBEH) is primarily used in de-
pigmentation therapy. Other phenolic derivatives are also 
used in depigmentation therapy. Such therapy has local side 
effects and risk of repigmentation.48-50. Certain herbs have 
been studied against vitiligo and are claimed to be effective 
in treating vitiligo.49 Though vitiligo is not a life-threatening 
disease as such yet it may have severe social impact and may 
lead to serious consequences and lead to low self-esteem 
and paralysed social life.51,52 Avoiding the use of cosmetics 
and chemicals containing phenols15,53 and prevention of ex-
cessive exposure to sunlight, enough consumption of green 
leafy vegetables and fruits rich in antioxidants may help to 
protect us and provide us necessary antioxidants to combat 
onset and progression of vitiligo. Also, immediate reporting 
to doctors in the early stage may help stop spreading and also 
to treat the disease. Cosmetics containing compounds which 
are phenolic derivatives and are known to cause depig-
mentation should be strictly avoided to prevent vitiligo.15,50 
Guanonitrofuracin has also been identified and enlisted as 
potent chemicals responsible for inducing vitiligo.52,53  Sys-
temic medications like Chloroquine and Fluphenazine (Pro-
lixin) are also in the list of chemicals associated with contact/
occupational vitiligo.55 In simple words, vitamins, antioxi-
dants, anti-inflammatory and immunomodulatory drugs may 
be beneficial against vitiligo. Vitiligo is considered as a good 
model for understanding autoimmune disorders and for try-
ing regenerative medicines.56

CONCLUSION

Our modern food habit seems to have some role for har-
bouring and nurturing vitiligo which is an oxidative stress-
mediated autoimmune disorder. There are effective experi-
mental results but yet vitiligo is not curable till date. The 
disease may be reversed to some extent and maybe stopped 
from spreading but can’t yet being completely cured. We 
look ahead to a better tomorrow. With more clear knowl-
edge about the autoimmune, oxidative stress-mediated de-
pigmentation disorder, it will be easier to find strong and 
effective preventive and curative measures against vitiligo. 
Also, self-education and mass awareness about the etiol-
ogy, treatments and non-contagious nature of vitiligo is 
needed to make life comfortable and easy for people af-
fected with vitiligo. 
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