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Abstract  
Vitiligo is a chronic, inflammatory, autoimmune disorder resulting from a selective 

destruction of melanocytes and the appearance of depigmented skin patches. It affects all ethnic 
groups and genders equally, with a slight female predominance. It is estimated that 
approximately 0.5-2% of the global population suffer from vitiligo, making this dermatosis the 
most common pigmentation disorder. Vitiligo is a complex disease with complex etiology and 
pathogenesis. It is currently accepted that genetic predisposition and environmental factors lead 
to melanocyte oxidative stress, and activation of abnormal immune response, but the overall 
contribution of each of these processes remains insufficiently clear. 

Historically, vitiligo was recognized in ancient times, with evidence found in ancient 
Egyptian, Greek, and Indian texts. Early interpretations associated this skin disease with divine 
punishment or contagion, leading to quarantines and stigmatization. Today, vitiligo is classified 
as an autoimmune disease, with autoimmune attack on melanocytes considered the primary 
factor leading to the appearance of depigmented macules. The skin and gut microbiome and 
neural hypothesis have recently gained attention as emerging factors in the pathogenesis of 
vitiligo. 

The treatment of vitiligo remains a significant challenge. It includes local and systemic 
immunosuppressives, phototherapy, surgical techniques, as well as other therapeutic 
approaches, including traditional medicine, camouflage, depigmentation, and psychological 
interventions. However, vitiligo has a long treatment cycle, and all current treatments provide 
only short-term benefits, with relapse of the disease being common once treatments are 
discontinued. In recent years targeted therapies such as JAK inhibitors are actively being 
developed.  

Keywords: vitiligo; melanocyte destruction; microbiome; neural hypothesis; JAK 
inhibitors 
  

Introduction   
Vitiligo is the most frequent acquired pigmentary disorder characterized by the 

progressive loss of melanocytes, leading to well-defined depigmented macules [1]. It affects 
approximately 0.5–2% of the global population, with no clear predilection for sex or ethnicity, 
though some studies suggest a slight female predominance [2]. The disease is more noticeable 
in individuals with darker skin types, which may contribute to higher reported prevalence in 
these populations. Vitiligo is a chronic, inflammatory, autoimmune disease that is not simply 
cosmetic. Despite being a non-life-threatening condition, vitiligo has profound psychological 
and social consequences, significantly impacting patients’ quality of life [3,4,5]. 

Historically, vitiligo was described in ancient medical texts, but its pathogenesis 
remained elusive for centuries. Early theories ranged from infectious causes to purely 
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psychological explanations[6,7]. Over a long period of time, research has refined our 
understanding, and vitiligo is now recognized as an autoimmune disease with complex genetic, 
environmental, and neural influences [8,9,10]. Emerging evidence suggests that the skin and gut 
microbiome plays a critical role, with alterations in microbial diversity potentially contributing 
to melanocyte dysfunction and immune activation [11]. Additionally, the neural hypothesis 
proposes that neurogenic factors, including stress-induced neurotransmitters and 
neuropeptides, may contribute to melanocyte destruction, particularly in segmental vitiligo [12]. 
These insights offer a more comprehensive view of vitiligo as a multifaceted disorder rather 
than a purely immune-driven condition. The management of vitiligo has also evolved. 
Traditional therapies, such as corticosteroids and phototherapy, remain mainstays, but new 
targeted treatments, including Janus kinase (JAK) inhibitors, are reshaping the therapeutic 
landscape. Recent breakthroughs in vitiligo pathogenesis, including the role of the microbiome 
and neural factors, are opening new avenues for intervention. 

This review explores the historical perspectives of vitiligo, current treatment strategies, 
and the latest advancements in our understanding of the pathogenesis. In particular, the final 
section highlights emerging concepts and novel therapeutic approaches that may transform 
vitiligo management in the near future. 
  

What’s ancient old? 
The understanding of vitiligo has evolved significantly over centuries. One of the oldest 

known medical texts, describes a skin condition resembling vitiligo. Ancient Egyptians 
associated depigmentation with supernatural or divine influences and sometimes linked it to 
leprosy (Ancient Egyptian Medicine (c. 1550 BCE): The Ebers Papyrus) [6]. In Sushruta 
Samhita, an early Sanskrit medical text, a condition called Switra or Kilasa is described, which 
closely resembles vitiligo. It was thought to result from dietary imbalances or past sins, and 
treatments included herbal applications, dietary restrictions, and sun exposure (Indian 
Ayurvedic Texts (c. 600 BCE) [7]. Hippocrates and other Greek physicians described skin 
disorders that could correspond to vitiligo, but they often confused it with leprosy and other 
pigmentary disorders (Ancient Greek Medicine c. 400 BCE) [6]. There have been many 
misconceptions and superstitions over ancient times. Biblical and religious sources have 
mistaken vitiligo for leprosy, leading to social stigmatization and isolation due to the belief that 
it was a contagious disease or punishment. During the Middle Ages, vitiligo was sometimes 
attributed to "bad blood," imbalances in bodily humors, or even witchcraft. Treatments ranged 
from bloodletting to herbal concoctions. Early Scientific Theories (17th–19th century) came 
with the advance of medicine, when vitiligo was distinguished from leprosy. By the late 19th 
century, the term vitiligo became widely accepted in dermatology, and researchers started 
recognizing that it was non-contagious and possibly linked to nerve function [13,14]. These 
historical perspectives highlight how vitiligo was long misunderstood, often linked to 
supernatural beliefs or lumped together with other skin diseases. Modern science has since 
provided a more accurate understanding, particularly in terms of autoimmunity, genetics, and 
environmental factors. 
 

What’s old and generally accepted? 
Today it is widely accepted that vitiligo arises from a complex interplay between 

genetics, environmental factors and autoimmunity [12,15]. While genetic susceptibility is the 
main culprit, environmental triggers such as UV-radiation and chemical exposures can initiate 
or exacerbate the disease. Autoimmune mechanisms, including melanocyte-specific T-cell 
responses and inflammatory cytokines, drive the progression of depigmentation [12,15].  
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Genetics: The Main Culprit? 
Genetic predisposition plays a crucial role in vitiligo, as evidenced by familial 

clustering and twin studies. Genome-wide association studies (GWAS) have identified over 50 
susceptibility loci, many linked to immune regulation and melanocyte function. Key genes 
include: HLA genes: involved in antigen presentation; NLRP1: a regulator of the 
inflammasome, influencing immune activation. PTPN22: a key player in immune tolerance, 
associated with multiple autoimmune diseases. TYR (Tyrosinase): essential for melanin 
production, highlighting a direct link to melanocyte vulnerability [16,17,18]. Genetics alone does 
not elicit disease, but is the foundation where environmental factors and immune attack build, 
leading to visible disease.  

Among others environmental triggers, the most important are chemical exposure, UV 
radiation, mechanical and thermal trauma, involved in melanocyte oxidative stress and 
increased reactive oxidative species (ROS) in melanocytes which trigger autoimmune response 
and recruit autoreactive cytotoxic T-lymphocytes.  As immune cells attack melanocytes, further 
oxidative stress and inflammation are generated, sustaining disease progression [19,20,21].  
Chemicals directly implicated in vitiligo are many, such as monobenzyl ether of hydroquinone 
(MBEH) discovered by Oliver et al. in a tanning factory, but includes many others as well [22]. 
In his 2017 review, Chemical-Induced Vitiligo, Harris JE explores the role of chemical 
exposure in triggering and exacerbating vitiligo. Chemicals can induce vitiligo by causing 
oxidative stress and directly damaging melanocytes, leading to autoimmune responses. Certain 
substances, such as phenolic compounds found in hair dyes, rubber, and industrial chemicals, 
are particularly implicated. These chemicals generate reactive oxygen species (ROS), which 
damage melanocytes and make them vulnerable to attack by immune cells. Occupational 
exposure in industries like hairdressing and manufacturing has been linked to a higher 
prevalence of vitiligo. Harris emphasizes that genetic susceptibility plays a key role in 
determining whether an individual develops vitiligo upon exposure to these chemicals, as not 
everyone exposed will experience the condition [22,23]. Ultraviolet (UV) radiation plays a 
significant role in the pathogenesis and treatment of vitiligo [24]. While excessive UV exposure 
can trigger or exacerbate the condition by inducing oxidative stress and immune responses that 
damage melanocytes, controlled UV therapy is a cornerstone in vitiligo management. Sunburns 
are more frequent in vitiligo patients, due to loss of melanocytes and skin protection. Sunburns 
in these areas can cause lesions to increase in size and may lead to the appearance of new 
lesions due to the Koebner phenomenon. Physical trauma can also initiate or worsen vitiligo 
through the Koebner phenomenon. Vitiligo is a true example of Koebner phenomenon, together 
with other dermatological diseases like psoriasis and lichen planus [25]. It is considered that 
immunological disorders, oxidative stress, defective melanocyte adhesion and growth factor 
deficiency are the main pathological mechanisms of vitiligo Koebner phenomenon [25,26]. If 
genetics may predispose an individual to vitiligo, environmental triggers catalyze the cascade 
that leads to autoimmunity and vitiligo. 
 

The Herald of Immune Attack in Vitiligo is the JAK-STAT pathway. 
The Janus Kinase-Signal Transducer and Activator of Transcription (JAK-STAT) 

pathway is a critical signaling cascade involved in immune responses and inflammation [27]. In 
vitiligo, this pathway plays a pivotal role in the immune-mediated destruction of melanocytes, 
bridging innate and adaptive immunes system [28,29]. The JAK-STAT pathway is first activated 
by cytokines, such as IFN-γ, released from innate immune cells (macrophages, dendritic cells, 
and natural killer cells) in response to tissue damage or stress in the skin. IFN-γ is a key 
cytokine that signals the presence of a foreign or damaged tissue and activates both innate and 
adaptive immune responses through the JAK-STAT pathway. The dendritic cells activated by 
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the JAK-STAT pathway process and present melanocyte-specific antigens to CD8+ T cells, 
triggering the adaptive immune response. 

T helper (Th) cells, including Th1 cells, further contribute to the immune attack by 
releasing more pro-inflammatory cytokines, which stimulate cytotoxic T lymphocytes 
(CTLs) to target melanocytes. Thus, the JAK-STAT pathway acts as a signal transducer that 
facilitates the cross-talk between the innate immune system initial response and the adaptive 
immune system targeted attack [28,29]. 
This connection highlights the central role of the JAK-STAT pathway in vitiligo and explains 
why targeting it can have therapeutic benefits by inhibiting both arms of the immune 
response[30]. 

This multifaceted understanding of vitiligo has not only refined diagnostic approaches 
but has also paved the way for targeted therapeutic strategies. 
 

What’s new in pathogenesis? 
In recent years, our understanding of vitiligo pathogenesis has expanded beyond the 

classical autoimmune paradigm to welcome novel contributing factors, including the role of 
the skin and gut microbiome and the neural hypothesis. These emerging perspectives provide 
fresh insights into disease mechanisms and potential therapeutic targets [31]. 
 

The Microbiome and Vitiligo 
The skin microbiome, composed of a diverse array of bacteria, fungi, and viruses, plays 

a critical role in maintaining cutaneous homeostasis and immune balance. Disruptions in this 
delicate microbial community, known as dysbiosis, have been implicated in various 
dermatological conditions, including vitiligo [11,32]. Studies have demonstrated alterations in 
the microbiome composition in vitiligo patients, suggesting a potential link between microbial 
imbalances and disease progression. Certain bacterial species, such as Cutibacterium 
acnes and Staphylococcus aureus, have been shown to modulate immune responses, 
influencing melanocyte survival and function. Additionally, microbial-derived metabolites and 
toxins may exacerbate oxidative stress, a well-known trigger in vitiligo pathogenesis. Future 
research exploring microbiome-targeted therapies, such as probiotics, prebiotics, and 
bacteriophage-based treatments, may offer novel avenues for managing vitiligo [33,34]. 

The gut microbiome alterations are also linked to several skin diseases [35]. The gut 
microbiome, known as an immune system regulator, by providing immune tolerance and 
reducing inflammation, is crucial for skin immune homeostasis and plays a role in the 
development of autoimmune diseases [36]. In recent years, studies have increasingly begun to 
explore the relationship between the gut dysbiosis and vitiligo through several mechanisms 
involving immune system dysregulation, oxidative stress, and systemic inflammation. Recent 
studies have found that vitiliginous skin has altered gut microbiome, with increase in the 
proinflammatory bacteria (Proteobacteria, Streptococcus) and decrease in the beneficial gut 
bacteria (Bifidobacterium, Lactobacillus), leading to gut dysbiosis and intestinal permeability 
“leaky gut”. This allows microbial components to enter circulation, promoting inflammation, 
cytokine production and melanocyte destruction and shift from a tolerant immune state to a 
dysregulated one [37].  

 
Do microbes also have something to say? 
There have been some reports of microorganisms in vitiligo with proposed potential 

mechanism of action which might offer new insights in vitiligo development, and offer new 
treatment strategies. Among others, bacteria like Helicobacter pylori and viral infections 
including hepatitis, human immunodeficiency virus, cytomegalovirus are implicated. H. 
Pylori, a Gram-negative bacterium, known for colonizing the gastric mucosa, is also found 
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provoke extra-gastric manifestations and is related to body immune reaction and serious 
autoimmune diseases, like IBD, autoimmune metabolic disorders and liver disease. Recent 
studies show that dermatological autoimmune diseases are not excluded. Vitiligo is among 
them, as it is an autoimmune disease [11]. 

A prospective study conducted at Ankara Education and Research Hospital in Turkey 
explored the association between Helicobacter pylori infection and vitiligo. The study included 
68 patients diagnosed with vitiligo and 65 patients with telogen effluvium (TE) as controls. All 
participants underwent testing for H. pylori infection using the urea breath test (UBT), as well 
as assessments for H. pylori-specific IgG antibodies and the cytotoxin-associated gene A 
(CagA) protein. The study found that the vitiligo group exhibited significantly higher rates of 
H. pylori positivity (60.3%) compared to the controlled -TE group (41.5%). Additionally, the 
presence of H. pylori CagA and IgG antibodies was more prevalent in the vitiligo group. 
Patients with vitiligo had higher incidence of gastric symptoms such as bloating and upper 
gastrointestinal discomfort, than those in the control group. However, no significant 
relationship between H. pylori infection status and vitiligo activity and pattern was found [38].  
A study by Bakry et al. examined the association between H. pylori infection and vitiligo 
disease activity. The research involved 75 patients with non-segmental vitiligo and an equal 
number of age- and gender-matched healthy controls. H. pylori infection was diagnosed using 
stool antigen tests and serum IgG antibody levels. The results indicated a significantly higher 
prevalence of H. pylori infection among vitiligo patients (65.3%) compared to the control 
group (24%). Furthermore, the presence of H. pylori infection was correlated with increased 
vitiligo disease activity, as reflected by higher Vitiligo Disease Activity (VIDA) scores and 
more active disease states. Based on these findings, the study suggests that screening for H. 
pylori in vitiligo patients, particularly those with active disease, may be beneficial. The authors 
propose further clinical trials to investigate whether eradicating H. pylori could influence the 
progression of vitiligo [39]. 

Another study by Rifaioğlu et al. investigated the frequency of H. pylori infection in 
vitiligo patients using the carbon-14 urea breath test (C14 UBT). The study included 34 vitiligo 
patients and 30 age- and sex-matched healthy controls. The results showed that H. pylori 
infection was significantly more frequent in vitiligo patients (64.7%) compared to the control 
group (33.3%), with statistical significance (P = 0.012). The authors suggest that this study is 
the first to report the prevalence of H. pylori infection in vitiligo patients. They recommend 
further research to clarify whether H. pylori plays an etiological or initiating role in vitiligo 
pathogenesis [40]. 

These studies open questions about the possible pathogenic mechanism by which 
bacteria are implicated in vitiligo autoimmunity. There is no clear answer of the potential 
pathogenic mechanism of H. pylori on vitiligo.  Oxidative stress and cytotoxic T-cell 
destruction of melanocytes are suggested mechanisms. Cytokines like INF-gama, Il-1, Il-6 are 
implicated in vitiligo. Meanwhile, research has shown that the levels of cytokines such as IFN-
γ, TNF-α, and IL-1 are high in the stomachs of H. pylori-positive patients. This is a probable 
and suspected mechanism, but more research is needed to understand the underlying 
mechanism.  

Emerging research suggests potential associations between certain viral infections and 
the development or exacerbation of vitiligo. The exact nature of these relationships is not fully 
established, but immune dysregulation, molecular mimicry, and oxidative stress are under 
suspicion.  

HCV is known to trigger systemic immune activation, leading to chronic inflammation 
and autoimmune reactions. One possible mechanism is molecular mimicry, where viral 
antigens resemble melanocyte antigens, triggering cross-reactive immune responses that lead 
to melanocyte destruction. Additionally, HCV-associated liver dysfunction may alter immune 
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homeostasis, potentially influencing the development of autoimmune conditions like vitiligo. 
Some studies have indicated a link between chronic HCV infection and vitiligo. For instance, 
a study found that 65.3% of vitiligo patients tested positive for HCV antibodies, compared to 
24% in a control group, suggesting a significant association between HCV infection and 
vitiligo. However, other research has not found a significant relationship between HCV and 
vitiligo, indicating that the connection remains inconclusive [41,42]. 

CMV, a latent herpesvirus, has been implicated in autoimmunity due to its ability to 
manipulate immune responses. CMV infection may induce chronic immune activation and an 
imbalance in regulatory T cells, leading to increased autoreactive immune responses against 
melanocytes. Some studies suggest that CMV-induced oxidative stress and inflammatory 
cytokine production may contribute to melanocyte apoptosis. The role of CMV in vitiligo 
pathogenesis is also under investigation. A study detected CMV DNA in skin biopsy specimens 
from some vitiligo patients, suggesting a possible involvement of CMV in the development of 
the disease. However, subsequent studies have produced mixed results, and the exact role of 
CMV in vitiligo remains unclear [43,44]. 

HIV, due to its profound impact on the immune system, has also been associated with 
vitiligo, particularly in patients undergoing immune reconstitution after antiretroviral therapy 
(ART). The phenomenon of immune reconstitution inflammatory syndrome (IRIS) may 
unmask or exacerbate autoimmune conditions, including vitiligo, as the recovering immune 
system aggressively targets latent autoantigens, including melanocytes. Additionally, chronic 
HIV infection and systemic inflammation can disrupt normal immune tolerance mechanisms, 
further predisposing individuals to vitiligo. Vitiligo has been reported in individuals with HIV 
infection, either as a direct manifestation of the virus or as a complication of antiretroviral 
therapy. The immunological alterations caused by HIV, such as changes in CD4+ and CD8+ T-
cell populations, may contribute to the development of autoimmune conditions like vitiligo. 
However, the precise mechanisms linking HIV to vitiligo are not fully understood [11]. 

 
The Neural Hypothesis in Vitiligo 
The neural hypothesis of vitiligo proposes that neurogenic factors play a significant role 

in melanocyte dysfunction and destruction. This concept is supported by clinical observations, 
such as the tendency for vitiligo lesions to develop along dermatomes and the association with 
stress-related triggers. Melanocytes share embryological origins with neural crest cells and 
interact closely with nerve endings. Neurotransmitters, neuropeptides, and oxidative stress 
induced by neuronal activity may contribute to melanocyte apoptosis and immune activation. 
Increased levels of catecholamines, such as norepinephrine, have been detected in vitiliginous 
skin, suggesting heightened sympathetic nervous system activity in affected areas. Moreover, 
neuroinflammation and the release of damage-associated molecular patterns (DAMPs) may 
further drive autoimmune responses against melanocytes [12]. 
 

Vitiligo treatment continues to be a big challenge for dermatologists. The profound and 
complex pathogenesis makes the challenge even bigger, as key therapies arise from 
understanding the underlying immune attack of melanocytes. Conventional therapy includes 
topical and systemic immunosuppressants and phototherapy. Topical corticosteroids remain 
first-line therapy for non-segmental vitiligo. They achieve clinical response by inhibiting the 
production of cytokines like IFN-γ. While effective, they are not a cure and may have side 
effects with prolonged use.  Systemic corticosteroids in vitiligo are mainly used in unstable and 
rapidly evolving vitiligo, as in generalized and refractory cases. Their desired effect is often 
overshadowed by the numerous side effects on the skin, but also in general. Other topical 
immunosuppressants in the therapy of vitiligo, are the calcineurin inhibitors. Topicals 
like tacrolimus and pimecrolimus target T-cell activation, reducing the immune response 
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against melanocytes. They are often used in sensitive areas like the face and genitals where 
steroids may be less suitable.  

Other used tools like camouflage, depigmentation, natural remedies are unsatisfactory. 
Surgery, with melanocyte transplantation and skin grafting are also available, but difficult to 
access and complicated [45,46].  

Phototherapy, nb-UVB, involves exposing the skin to narrowband ultraviolet B light, 
which suppresses the immune response and induces melanocyte proliferation. UVB light also 
reduces the expression of inflammatory cytokines and can trigger repigmentation in patients 
with active vitiligo. Phototherapy is often combined with topical and systemic 
immunosuppressants, for achieving much successful repigmentation [47].  

The recent and most promising in the treatment of vitiligo is the targeted therapy with 
JAK-inhibitors. These JAK-STAT inhibitors are targeting the JAK-STAT pathway, the immune 
signal that drives initiation, progression and persistence of melanocyte destruction and vitiligo. 
They achieve their effect by blocking one or more Janus Kinase molecules (JAK1, JAK2, 
JAK3, or TYK2), involved in transmitting signals from cytokine receptors on the cell surface 
to the nucleus, where they initiate gene expression. By inhibiting JAKs, the downstream effects 
of cytokine signaling are reduced. They prevent the inflammatory pathways that contribute to 
depigmentation, and help restoring the function and survival of these pigment-producing cells, 
which can lead to repigmentation of depigmented skin areas. These drugs are particularly 
effective in patients with more widespread or refractory vitiligo and offer an alternative to 
traditional immunosuppressive therapies [28]. 

Of the JAK inhibitor family, only one topical JAK inhibitor is approved in vitiligo 
therapy. Ruxolitinib cream was approved in 2022, after the completion of two large phase -3 
double-blind placebo-controlled studies. The studies involved over 600 participants (aged 12 
years and older) with moderate to severe vitiligo affecting the face or body. Patients were 
randomly assigned to either the ruxolitinib treatment group or a placebo group, with both 
groups applying their respective creams twice daily. The results were compelling. After 24 
weeks of treatment, a significantly higher percentage of patients in the ruxolitinib group 
achieved at least 75% improvement in the Vitiligo Area Scoring Index (VASI 75) compared to 
those in the placebo group. This improvement was especially noticeable on the face, a common 
site of vitiligo distress. Additionally, patients reported significant improvement in their quality 
of life, reflecting the impact of repigmentation on both their physical and psychological well-
being. The treatment was generally well-tolerated, with only mild to moderate side effects, 
most commonly application site reactions, like acne and pruritus [48].  

 
Implications for Future Research and Therapy 
These novel insights into vitiligo pathogenesis underscore the multifaceted nature of 

the disease and highlight potential new therapeutic strategies. Modulating the skin microbiome, 
targeting neurogenic inflammation, and integrating these approaches with established 
immunomodulatory therapies could lead to more comprehensive and effective treatment 
options for vitiligo patients. Future research should focus on elucidating the precise interactions 
between microbes, neural elements, and immune mechanisms to pave the way for innovative, 
personalized therapies. 

 
Conclusion  
The viewpoint that vitiligo is not caused only by predisposing mutations, or only by 

melanocytes responding to chemical/radiation exposure, or only by hyperreactive T cells, but 
rather results from a combination of etiologic factors that impact melanocyte viability, has 
certainly stood the test of time. New findings have contributed to better description of 
progressive depigmentation. Understanding the relative importance of such etiologic factors 
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combined with a careful selection of the most targetable pathways will continue to drive the 
next phase in vitiligo research: the development of effective therapeutics. In that arena, it is 
likewise important to acknowledge that pathways affected in some patients may not be altered 
in others. Taken together, the convergence theory continues to provide a comprehensive 
viewpoint of vitiligo etiology. The theory serves to intertwine etiologic pathways, helping to 
define the way amenable to disease intervention in individual patients. 
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