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ABSTRACT

Vitiligo is a chronic inflammatory skin disease
leading to the loss of epidermal melanocytes. To
date, treatment options for vitiligo patients are
limited, lack sustained efficacy, and are mainly
based on off-label use of immunosuppressive
agents, such as systemic or topical steroids or
topical calcineurin inhibitors, in association
with the use of ultraviolet light. However,
recent insights into the understanding of the
immune pathogenesis of the disease have led to
the identification of several therapeutic targets
and the development of targeted therapies that
are now being tested in clinical trials. In this
review, based on the physiopathology of the
disease, we summarize emerging targets that
could be developed for the treatment of vitiligo

and discuss recent and ongoing developments
of drugs for the management of the disease.
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Key Summary Points

A better understanding of the immune
pathogenesis of vitiligo has led to the
identification and development of
targeted therapies.

Targeting innate immune pathways
through the inhibition of danger signals,
such as HSP70, represents an interesting
approach for the treatment of vitiligo.

Resident memory T cells are involved in
the recurrence of vitiligo and could be
targeted by blocking interleukin-15.

Trials involving JAK inhibitors, which
inhibit the effects of several pro-
inflammatory cytokines, have shown
promising results in vitiligo.

Promoting the regeneration of
melanocytes and preventing their loss will
still be an important step to consider in
treating vitiligo.
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INTRODUCTION

Vitiligo is a common chronic inflammatory skin
depigmenting disorder with a worldwide
prevalence of 0.5–1% [1]. The occurrence of
white patches results from a loss of epidermal
melanocytes [2]. While vitiligo does not affect
life expectancy, the color dissimilarity has a
serious impact on patients’ quality of life and
mental well-being, with patients often enduring
stigmatization and social isolation, as well as
being more subject to psychiatric morbidities
[3, 4]. To date, available treatments for vitiligo
remain limited, and therapeutical strategies rely
on nonspecific therapies targeting the inflam-
matory and immune responses, such as topical
or systemic steroids or topical calcineurin inhi-
bitors, both associated with ultraviolet (UV)
light to promote melanocyte regeneration. This
limitation in treatment possibilities highlights
the need to improve vitiligo management.

The physiopathology of vitiligo is complex
and involves multiple combinatorial factors.
One of the leading hypothesis is that the
immune response plays a role in targeting the
melanocyte compartment, as evidenced by
genome-wide association studies (GWAS) that
demonstrated the association of vitiligo with
genes mainly related to both innate and adap-
tive immune responses [5]. Both animal models
and human studies have also highlighted the
important role of the immune system in viti-
ligo, opening new doors of hope for the devel-
opment of targeted therapies dedicated to this
disease [2]. These therapies will target inflam-
matory responses of immune and epidermal
cells occuring during the progression or relapse
of the disease. Therefore, early aggressive treat-
ments can now be considered that would inhi-
bit the consequences of the immune response
against melanocytes to prevent their loss. Once
the exaggerated immune response is controlled,

the regeneration of melanocytes from hair fol-
licles or interfollicular compartment is an
important to consideration, as is a maintenance
therapy to prevent the recurrence of the disease
(Fig. 1).

In this review, we discuss the current con-
cepts for managing vitiligo and summarize
future innovative strategies and ongoing clini-
cal trials (Table 1).

This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

BLOCKING THE INITIATION
AND RESTRAINING
THE PROGRESSION OF THE DISEASE

Targeting Innate Immunity

Danger Signals from Epidemal Cells
Epidermal cells in vitiligo, especially melano-
cytes, exhibit metabolic defects that con-
tributed to increased levels of reactive oxygen
species (ROS) [6]. These changes, in the context
of a susceptible genetic background, are associ-
ated with the release of pro-inflammatory
cytokines and damage-associated molecular
patterns (DAMPs, or endogenous danger mole-
cules). Inducible heat shock protein 70
(HSP70i), calreticulin (CRT), and high-mobility
group protein B1 (HMGB1) are the most studied
molecules in vitiligo [2]. The secretion of
DAMPs in the extracellular environment may
be accountable for bridging cellular stress to the
autoimmune response against melanocytes in
vitiligo [7] and, therefore, could represent
highly interesting potential targets to prevent
initiation of autoimmunity at the onset of the
disease. Indeed, HMGB1 can induce the pro-
duction of chemokine ligands, such as (C-X-C
motif) ligand (CXCL1)6 or interleukin (IL)-8 by
keratinocytes, which is important for the
recruitment of immune cells [8]. For its part,
CRT has been reported to induce melanocyte
apoptosis and the release of membrane-debris
important for immunogenecity [9]. To date,
HSP70i seems to be a critical component in the
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initiation of the disease. HSP70i is overex-
pressed in vitiliginous skin compared to healthy
control skin and plays an important role in the
induction and progression of vitiligo in mice
[10–13]. Blocking HSP70i activity might offer a
good strategy to treat vitiligo. Le Poole and
colleagues were the first to show that a plasmid
DNA encoding a mutant HSP70i with a single
amino acid change (HSP70iQ435A) was capable
of preventing and reversing vitiligo in mouse
models by dampening the activation of den-
dritic cells (DC) [12]. The same research team
then confirmed their initial results in the Sin-
clair swine model that develops melanomas
regressing by immune surveillance, leading to
vitiligo-like depigmentation. The findings of
this subsequent study showed that treating
swine with HSP70iQ435A-encoding DNA
induced repigmentation of treated lesions and,
most importantly, of distant vitiligo lesions,
indicating a possible systemic effect [14]. This
approach seems to confer a long-lasting repig-
mentation. Moreover, transfection of
HSP70iQ435A DNA in human vitiligo skin
explants could reoriente the immune pheno-
type toward an anti-inflammatory phenotype
[12], reinforcing the potential of HSP70iQ435A

as an interesting therapeutic option in vitiligo.
Clinical studies will be necessary to confirm
these encouraging preclinical data.

Another approach could be the direct neu-
tralization of DAMPs by blocking agents. As an
example, three anti-HGMB1 monoclonal anti-
bodies have been developed that show benefi-
cial therapeutic effects in experimental models
of different inflammatory conditions, such as
sepsis or arthritis; however, these have not yet
been tested in clinical trials [15, 16].

These different approaches targeting DAMPs
secreted by stressed melanocytes and/or ker-
atinocytes at an early stage of the disease could
prevent activation of the innate immune sys-
tem by blocking their interaction with patho-
gen recognition receptors and, consequently,
activation of local DC, in particular plasmacy-
toid DC (pDC), leading to the production of
type I interferon (IFN) [17].

The Type I IFN Pathway
Several data link vitiligo to a type I IFN signa-
ture. First, variants of INF induced with the
helicase C domain 1 (IFIH1) gene, associated
with a loss of function, could provide

Fig. 1 Emerging treatments in vitiligo. Development of
vitiligo is associated with skin inflammation. Strategies
targeting the innate and adaptive immune response will be
important to control skin inflammation in vitiligo, to
stabilize and prevent the progression of the disease.

Therapies aiming to promote melanocyte regeneration
will also be important to consider to induce regimentation.
Lastly, a maintenance therapy will be of utmost impor-
tance to prevent the recurrence of the disease.
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Table 1 Ongoing clinical trials in Vitiligo

Target Drugs Trial
phase

Administration Clinical trial
reference

Results

Anti-inflammatory treatments

JAK 1/2

inhibitor

Ruxolitinib 2 Topical NCT03099304 Facial-VASI50 at week 24

1.5% twice daily (15 [45%]

of 33) and 1�5% once daily

(15 [50%] of 30)

JAK 1/2

inhibitor

Ruxolitinib 3 Topical NCT04052425

(TRuE-V1) and

NCT04057573

(TruE-V2

Ongoing

JAK/SYK

inhibitor

Cerdulatinib 2 Topical NCTO4103060 Ongoing

JAK1/TYK2

inhibitor

PF-06651600

PF-06700841

2 Systemic NCT03715829 Ongoing

JAK3

inhibitor

ATI-50002 2 Topical NCT03468855 Ongoing

Anti-IL-15 AMG 714 2 Systemic NCT04338581 Ongoing

Anti-IL-17 Secukinumab Pilot

trial

Systemic EudraCT number:

2015–003552–48

No significant improvement

PDE4

inhibitor

Apremilast ? NB-

UVB

2 Systemic NCT03123016 No significant improvement

PDE4

inhibitor

Apremilast ? NB-

UVB

2 Systemic NCT03036995 No significant improvement

HMG-CoA

reductase

inhibitor

Simvastatin 2 Systemic NCT01517893 No significant improvement

HMG-CoA

reductase

inhibitor

Atorvastatin ? NB-

UVB

2 Systemic NCT02432534 No significant improvement

Folic acid

metabolism

inhibitor

Methotrexate ? NB-

UVB

2 Systemic NCT04237103 Ongoing

Regenerative treatments

Antioxidant Gastroprotected

superoxide

dismutase: glisodin

? NB-UVB

2 Systemic NCT03941808 Ongoing
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protection against vitiligo [18]. IFIH1 encodes
melanoma differentiation-associated protein 5
(MDA5), a member of the RIG-I-like receptor
family and a sensor of dsRNA; IFIH1 induces the
production of IFN-a [19]. Interestingly, a recent
study showed that MDA5 could potentiate epi-
dermal secretion of the chemokines CXCL10
and CXCL16, important recruiters of autoreac-
tive T cells [19]. pDC are the major cell subset
responsible for the production of IFN-a. Our
group previously reported the presence of IFN-a
in vitiliginous skin during the initiation and
spreading of the disease, associated with
increased expression of type I IFN-related
molecules [20]. In vitiliginous skin, these cells
could be activated by local production of
HSP70i by epidermal cells, potentiating their
production of IFN-a [17].

IFN-a is an important actor in the initiation
of the disease by inducing the production of
chemokines ligands, such as CXCL9 and
CXCL10, by epidermal cells [17]. Hydroxy-
chloroquine (HCL) acts on the immune system
notably by inhibiting endosomal Toll-like
receptors (TLRs), in particular TLR7 and TLR9,
which results in impairment of IFN-a

production by pDC. Moreover, this anti-malaria
drug is known to induce hyperpigmentation; a
case report described repigmentation of vitiligo
lesions in a patient treated for rheumatoid
arthritis with HCL [21, 22]. Taking these data
into consideration, this treatment could be
subjected to a clinical trial. Another interesting
and more specific approach could be anti-blood
DC antigen 2 (BDCA2) therapy. BDCA2 is an
inhibitory receptor expressed on pDC which,
once engaged, inhibits the production of type I
IFN [23]. A proof of concept study showed that a
monoclonal antibody directed against BDCA2
(BIIB059) improved the cutaneous lesions of
systemic lupus erythematosus (SLE), and a
phase II clinical trial is ongoing in cutaneous
lupus erythematosous [24] (NCT02847598).
Another strategy to block the IFN-a pathway
would involve the use of antibodies directed
against the cytokine itself or its receptor, inter-
feron alpha and beta receptor (IFNAR). The use
of sifalimumab and anifrolimumab, targeting
IFN-a and its receptor, respectively, has proven
to be effective for the treatment of SLE [25, 26].
These strategies could therefore be a reliable
option to inhibit the initiation of the disease.

Table 1 continued

Target Drugs Trial
phase

Administration Clinical trial
reference

Results

Mc1R

agonist

Afamelanotide ? NB-

UVB

2 Subcutaneous

implant

NCT01430195 VASI score: at week 24:

Combination therapy group,

repigmentation: 48.64%

(95% CI 39.49–57.80%)

NB-UVB: 33.26% (95% CI

24.18–42.33%)

Maintenance treatments

Calcineurin

inhibitor

Tacrolimus 2 Topical NCT01841008 Depigmentation of lesions

Placebo group : 48.2%

Tacrolimus group: 10.4%

HMG-CoA b-Hydroxy b-methylglutaryl-CoA , IL interleukin, JAK Janus kinase,McIRMelanocortin 1 receptor, NB-UVB
narrow band ultraviolet B, PDE4 phosphodiesterase-4, SYK spleen tyrosine kinase, TYK2 tyrosine kinase 2, VASI vitiligo
area scoring index
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Inflammasome
Large-scale genome-wide studies have also bol-
stered the notion that inflammasome and IL1-b
are involved in the development of vitiligo.
Polymorphisms in IL-1b and NOD-like receptor
protein 1 (NLRP1) inflammasome are associated
with an increased risk to develop vitiligo [5, 27].
Moreover, IL-1b and NLRP1 are overexpressed
in perilesional skin of patients with vitiligo [28].
The NLRP1 inflammasome is activated by sens-
ing DAMPs released by stressed melanocytes,
leading to caspase 1 activation and the subse-
quent release of IL-1b. This pro-inflammatory
cytokine promotes the immune response by
activating T lymphocytes and promoting the
migration of immune cells [29]. Treatments
directed against the NLRP1 inflammasome or
IL-1b, which have not yet been tested in vitiligo,
may be other treatments that to act on the first
step of the pathogenesis of this disease.

Targeting the Adaptative Immune
Response

Resident Memory T Cells
The recurrence of vitiligo on previously affected
anatomic sites demonstrate the role of a mem-
ory response in vitiligo [30]. Indeed, resident
memory T (TRM) cells have been identified in
vitiligo [31]. TRM display a memory phenotype,
have a distinct transcriptional program, and
express characteristic cell-surface markers, such
as CD69, CD103, or the newly identified
CD49a; as such, they define a subset of TRM cells
with cytotoxic properties [32–34]. It is now
evident that the microenvironment plays a
crucial role during TRM formation and regula-
tion. It is known that the expression of CD103
depends on transforming growth factor-b (TGF-
b), and an increasing number of studies are
reporting the involvement of several cytokines
involved in T-cell homeostasis (IL-15) or
inflammation (IL-12, IL-18, IL-33, IFN-b, tumor
necrosis factor [TNF]-a) during the differentia-
tion or regulation of TRM [35]. Therefore, owing
to their functional role in the pathogenesis of
vitiligo, targeting this T-cell subset offers a reli-
able approach to managing vitiligo. Strategies
targeting IL-15 or its receptor are promising in

terms of inhibiting the generation of TRM, as
recently shown in a pre-clinical mouse model of
vitiligo with the use of an antibody directed
against CD122, the b subunit of the IL-15
receptor, which is expressed on TRM cells [31].
However, human data are still lacking to con-
firm these results. Lastly, it was recently
demonstrated that TRM survival is dependent on
the uptake and metabolism of exogenous fatty
acids, suggesting that a possible treatment for
inflammatory disorders could be modulation of
the lipid metabolic program, possibly leading to
TRM elimination from peripheral tissues
[36, 37].

T Helper Type 1-Skewed Immune Profile
in Vitiligo
Vitiliginous skin is consistently associated with
the infiltration of immune cells confined to the
vicinity of the remaining melanocytes, charac-
terized by the presence of CD8 T cells with a
type 1-skewed immune profile and producing
elevated levels of IFN-c and TNF-a. These T cells
are characterized by the expression of the che-
mokine receptor CXCR3 and can respond to
CXCR3 cognate ligands CXCL9 and CXCL10,
which are highly expressed in vitiliginous skin
[38, 39]. Therefore, targeting the
CXCR3–CXCL9 and CXCL10 axis in vitiligo
appears to be a promising therapeutic strategy.
Pre-clinical models in mice have shown signifi-
cant repigmentation in response to CXCL10
blocking [40], but these data are not yet con-
firmed in human studies. A monoclonal anti-
body directed against CXCL10 has been
developed and tested in inflammatory bowel
diseases, but the absence of significant results
observed in Phase II trials did not encourage
further development in chronic inflammatory
disorders. Statins have been shown to reduce
the production of chemokines ligands, such as
CXCL10, and have been tested in two ran-
domized clinical trials in combination with UV
light [41, 42]; however, no significant repig-
mentation was observed in the group treated
with statins compared to the placebo control
group. Targeting the CXCL10 receptor could
represent another strategy, as also proposed in
pre-clinical models [43]. Several classes of
CXCR3 small molecule inhibitors have been
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developed to date; the one developed by Amgen
Inc. (AMG-487) did not show clinical efficacy in
psoriasis disease and was not further developed.
Recently, NKG2D, an activating receptor, was
found to define a highly functional memory
CD8 T-cell subset in vitiliginous skin and could
therefore represent a potential therapeutic tar-
get. A monoclonal antibody directed against
NKG2D showed promising results in Crohn’s
disease, supporting further development in this
disease, but also in other chronic inflammatory
disease where NKG2D-expressing cells are
involved [44, 45].

In addition to indications that T helper type
1/cytotoxic T lymphocyte (Th1/Tc1) subsets are
involved in vitiligo, data suggest that more
heterogeneous lymphocyte subsets are also
implicated in the pathogenesis of this disease
[46, 47]. Future studies are required to dissect
the role of the different immune T-cell subsets
in vitiligo before investigating therapeutic
options that target them.

Cytokines and their Signaling Pathways
Cytokines are key mediators of melanocyte loss
in vitiligo and participate at every step of the
pathogenesis of this disease. The IFN-c and TNF-
a immune pathways are the most extensively
studied to date in vitiligo and appear to be
critical for disease initiation and progression.

The binding of IFN-c to its receptor induces
the Janus kinase/signal transducer and activator
of the transcription (JAK/STAT) pathway, in
particular JAK1-2 and STAT1 activation [48]. In
contrast, binding of TNF-a to its receptors (TNF
receptor superfamily: TNFR1 or TNFR2) mainly
induces the activation of the mitogen-activated
protein kinases (MAPK) and nuclear factor-
kappa B (NF-kB) pathways [49]. Recent studies
in vitiligo have demonstrated that IFN-c indu-
ces the production of the CXCR3 ligands
CXCL9 and CXCL10 by keratinocytes, thereby
amplifying inflammation and the recruitment
of immune cells expressing CXCR3 that will
further promote vitiligo progression [50, 51].
IFN-c and TNF-a also have a direct impact on
melanocyte function by decreasing the pig-
mentation process. Treatment with physiologi-
cal levels of IFN-c has been shown to
downregulate the expression of melanogenic

genes and stall the maturation of melanosome
at stages I and II [52]. The canonical JAK/STAT1
pathway along with the downstream transcrip-
tional regulator interferon regulatory factor-1
(IRF-1) is the primary mediator that suppresses
pigmentation in melanocytes [53]. Addition-
ally, we have recently shown that the combined
activity of IFN-c and TNF-a can induce the dis-
ruption of E-cadherin, the major protein
responsible for the adhesion of melanocytes to
the basal layer of the epidermis, leading to their
destabilization and detachment [54]. In addi-
tion to the impact of the IFN-c signaling path-
way on the pathogenesis of vitiligo, other
cytokines and their related-signaling pathways
have been suggested to play a role in vitiligo.
For example, elevated levels of IL-17 and IL-23
have been shown in the sera and/or skin of
vitiligo patients. IL-17 could impact the func-
tion and survival of melanocytes [55]. There-
fore, different strategies targeting cytokines and
their signaling pathways could be proposed.
Apremilast, a selective phosphodiesterase-4
inhibitor that is currently approved for the
treatment of psoriasis and psoriatic arthritis,
inhibits the degradation of cAMP, thereby
reducing the production of proinflammatory
cytokines [56, 57]. In addition to its well-known
effects on the modulation of the inflammatory
response, apremilast, by increasing the levels of
cAMP, could also impact melanocyte growth
and differentiation [58]. One case report
showed repigmentation of vitiligo lesions after
13 months of apremilast use [59]. However, a
recent clinical trial evaluating the efficacy and
safety of apremilast in combination with UVB
light did not meet the primary endpoint [60].

Despite the role of TNF-a in vitiligo and the
fact that anti-TNF-a therapies are commonly
used to treat a number of chronic inflammatory
disorders, blocking TNF-a in vitiligo has shown
conflicting results. It may be that blocking TNF-
a in vitiligo could be effective at best in halting
disease progression without achieving signifi-
cant repigmentation [61, 62]. However, the
development or worsening of vitiligo has also
been reported in patients receiving anti-TNF-a
agents [63, 64], and an increased risk of vitiligo
following anti-TNF-a therapy has recently been
demonstrated in patients treated for other
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chronic inflammatory conditions [65], probably
due to the increased type I IFN signature in
lesional skin. These results support the notion
that anti-TNF-a can no longer be a treatment
option for patients with vitiligo.

Based on data supporting increased levels of
Th17-related cytokines, such as IL-17 and IL-23,
in the blood and skin of vitiligo patients, tar-
geting the IL-23/IL-17 immune axis might rep-
resent another option for patients with vitiligo
[55, 66]. However, a recent clinical trial evalu-
ating the efficacy and safety of secukinumab, a
monoclonal antibody directed against IL-17,
was prematuraly stopped due to the absence of
clinical improvement, with worsening of the
disease observed in some patients [67].

A number of human monoclonal antibodies
against IFN-c have been tested in clinical trials
in patients with psoriasis, Crohn’s disease, and
SLE. However, because trials did not reach the
primary endpoint, the development of these
targeted therapies was not continued.

Better knowledge of the events occurring
when cytokines bind to their specific receptors
has raised interest in the possibility to target
these intracellular signaling cascades. The JAK/
STAT pathway mediates signaling between sur-
face receptors and cellular responses. Members
of the JAK family include JAK1, JAK2, JAK3, and
tyrosine kinase 2 (TYK2), all of which have been
shown to be critical components of cytokine-
mediated effects, notably those involved in
vitiligo pathogenesis, including cytokines asso-
ciated with innate responses (e.g., IFN-a: JAK1/
TYK2) as well as adaptive responses (e.g., IFN-c:
JAK1/JAK2; or IL-2 and IL-15: JAK1/JAK3).

An increasing number of case reports
emphasizes that topical or systemic use of the
JAK inhibitors tofacitinib (a JAK1/3 inhibitor)
[68–72] or ruxolitinib (a JAK1/ 2 inhibitor)
[73–75] might be effective in inducing repig-
mentation in vitiligo. Nonetheless, a retrospec-
tive study that included ten patients treated
with oral tofacitinib indicated that repigmen-
tation using tofacitinib may require association
with low-level light therapy, suggesting that
anti-JAK therapies are important to dampen
skin inflammation, while phototherapy
remains the gold standard therapy to activate
and stimulate melanocyte replenishment and

subsequent repigmentation. More recently, a
proof-of-concept clinical trial showed that
topical application of ruxolitinib provided sig-
nificant improvement in facial vitiligo in a
small cohort of patients [74]. Additionally, the
results of a 32-week open label extension study
with optional UV light therapy concomitant
with topical ruxolitinib treatment confirmed
the benefit of phototherapy to improve repig-
mentation in patients treated with JAK inhibi-
tors [73]. A randomized, double blind, dose
ranging study of topical application of ruxoli-
tinib in vitiligo has been recently published
[76]. The primary endpoint was the proportion
of patients achieving a C 50% improvement
from baseline on the Facial-Vitiligo Area Scoring
Index (F-VASI50) at week 24. F-VASI50 at week
24 was reached by significantly more patients
that received ruxolitinib cream 1.5% twice daily
than patients treated with vehicle [76].

Although JAK antagonism is promising,
these treatments cannot dissect the complex
and heterogeneous immune signature of viti-
ligo. Therefore, despite current improvement in
the understanding of the immune pathogenesis
of vitiligo, finding the right target(s) remains
difficult to date. JAK inhibitors are showing
promising results, but their broader effects can
not reveal which predominant pathways are
fully involved in the disease, supporting the
notion that an intricate combination of multi-
ple immune pathways are involved in the ini-
tiation and progression of the disease.

Immune Tolerance
As a chronic inflammatory disorder, vitiligo is
associated with disruption of immune regula-
tion systems. In this line, GWAS identified a
polymorphism of forkhead box protein 3
(FOXP3), the master transcription factor of
regulatory T cells (Tregs), in vitiliginous skin
[77]. However, it is still not clear whether the
defect is due to a decreased migration of Tregs
into the skin and/or a loss of function [78]. One
study reported that an increased skin expression
of CCL22 induced the migration of Tregs into
the skin, leading to repigmentation in mouse
models of depigmentation, suggesting that
CCL22 could be a strategy for vitiligo [79].
Another approach to enhance Treg homeostasis
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and function would be the use of low-dose IL-2
therapy. IL-2 is a key survival factor for Tregs.
Administration of low-dose IL-2 has now been
widely tested in various chronic autoimmune
diseases, such as SLE and, recently, alopecia
areata [80, 81]. The interesting effect of low-
dose IL-2 therapy is the selective activation of
Tregs due to their expression of the high-affinity
receptor to IL-2, with minimal effect on effector
T cells [80].

Promoting the Regeneration
of Melanocytes

Once melanocyte loss has occurred in lesional
skin of vitiligo patients, repigmentation
through differentiation, proliferation, and
migration of new melanocytes in the depig-
mented area is required. This important step
needs to be achieved in combination with
immunomodulating agents that will inhibit the
immune response. To date, UV light therapy
remains the most popular treatment in vitiligo
for repopulation of the epidermis with mela-
nocytes from stem cells of the hair follicle.
Therefore, vitiligo appears to be a disease model
for regenerative medicine.

Intrinsic Abnormalities of Melanocytes
Several in vitro and in vivo studies have
demonstrated the presence of intrinsic abnor-
malities in vitiligo melanocytes. Vitiligo mela-
nocytes are characterized by an altered redox
status, with the presence of oxidative stress
coupled to an increased susceptibility to pro-
oxidant agents [7]. Elevated levels of ROS have
been observed in perilesional and non-lesional
skin of persons with vitiligo, together with
decreased levels of anti-oxidant enzymes, such
as catalase, which is important for the protec-
tion of cells from oxidative stress [6, 82]. Based
on these findings, one proposal has been to
treat vitiligo patients with anti-oxidants in
order to limit these effects and promote the
differentiation and proliferation of melano-
cytes. However, a recent meta-analysis evaluat-
ing the use of anti-oxidant therapies concluded
that this strategy is not effective in vitiligo [83].

Another approach consists of the use of platelet-
rich plasma.

Stimulating Melanocyte Stem Cells
The differentiation and proliferation of mela-
nocyte stem cells is induced by several soluble
factors targeting the melanocortin 1 receptor
(MC1R), endothelin receptor, and/or Wnt
receptors. The use of platelet-rich plasma that
contains several growth factors has received
attention as a treatment for stable vitiligo [84].
More precisely, alpha-melanocyte stimulating
hormone (a-MSH), through its binding to
MC1R, affects several melanocyte functions.
This peptide plays a role in the regulation of
melanogenesis, dendrite formation, and prolif-
eration and differentiation, and it can also
protect melanocytes from oxidative damage
[85–87]. Clinicals trials have shown the benefi-
cial effect of the combination of afamelatonide,
a synthetic analogue of a-MSH, and photother-
apy [88, 89], with a higher rate and faster
repigmentation observed in the group receiving
combination therapy of narrow-band UVB (NB-
UVB) ? afamelatonide compared to the group
receiving NB-UVB as monotherapy. However,
afamelatonide caused some side effects, such as
hyperpigmentation, headaches, and nausea,
that led patients to drop out the study [88].
Regazzetti et al. reported the impairment of
Wnt signalling in depigmented skin of vitiligo
patients [90]. The WNT pathway is involved in
melanoblast differentiation. Ex vivo treatment
of vitiligo skin explants with Wnt agonists or
GSK3b (glycogen synthase kinase 3b) inhibitors,
the critical negative regulator of b-catenin,
induced the differentiation of melanoblasts.
Hence, the use of pharmacological agents that
would activate Wnt signalling could be an
interesting approach for the treatment of viti-
ligo [90].

MAINTENANCE THERAPY
TO PREVENT RECURRENCE
OF THE DISEASE

As previously discussed, vitiligo is a chronic
inflammatory skin disease that needs a careful
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follow-up for optimal maintenance therapy.
Recurrence of the disease is mediated by
autoreactive TRM cells located close to replen-
ished melanocytes. To date, a prospective ran-
domized study showed that a twice-weekly
application of topical calcineurin inhibitors is
an effective treatment strategy to prevent viti-
ligo relapses by supporting the need to contin-
uously inhibit the immune system to maintain
repigmentation [91]. Therefore, with the devel-
opment of targeted therapies, the use of topical
JAK inhibitors could be a reliable treatment in
this context. As TRM maintenance in the skin is
dependent on IL-15, targeting IL-15 could be
another potential treatment strategy. We have
recently shown that matrix metalloproteinase
(MMP)-9 released by keratinocytes in vitiligo
lesional skin could induce the cleavage of
E-cadherin, leading to the detachment of epi-
dermal melanocytes. Consequently, MMP-9
inhibition could also be an interesting strategy
for stabilizing melanocytes in the basal layer of
the epidermis and prevent their loss [54].

CONCLUSION

Recent research advances in our understanding
of the pathogenesis of vitiligo has led to the
development of targeted therapies for this dis-
ease, which has a high impact on patients’
quality of life. JAK inhibition is showing
promising results, and ongoing clinical trials
could lead to a first approved treatment for
vitiligo. However, research needs also to remain
focused on the development of strategies to
prevent the loss of melanocytes and/or promote
their regeneration, especially for localization of
vitiligo that will not respond to the treatment.
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