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The initial events that lead to activation of IFN-g 
signaling in vitiligo, and the primary cellular source 
of the cytokine, are not fully understood. However, 
at least two distinct pathways have been generally 
described to induce production of this cytokine 
from T helper (Th1) cells. First, activated Th1 cells 
can produce IFN-g upon recognition of their T cell 
receptor (TCR) cognate antigen. Second, differen-
tiated Th1 cells have been also shown to secrete 
IFN-g in response to IL-12 and IL-18 in an antigen-
nonspecific manner.4 If the second, IL-12/IL-18-
induced pathway is critical for IFN-g production in 
vitiligo, it may be possible to block either cytokine 
as a therapeutic strategy for vitiligo.  Ustekinumab 
is a human monoclonal antibody against the p40 
subunit of both IL-12 and IL-23. It is approved for 
the treatment of moderate to severe plaque psori-
asis, primarily through targeting IL-235, however 
it may be effective in vitiligo through targeting of 
IL-12. Currently, there are no approved treatments 
to block IL-18 in humans. But a first-in-man study 
of a humanized monoclonal IL-18 antibody is com-
pleted6, and recently a phase 2 trial is recruiting 
patients with adult-onset Still’s disease to test the 
safety and efficacy of a recombinant human IL-18 
binding protein to block its activity.7 

The IFN-g/CXCL10 signaling pathway begins with 
binding of IFN-g to its heterodimeric receptor 
on target cells. This induces the activation of the 
intracellular tyrosine kinase proteins Janus kina-
ses (JAK), which promotes dimerization of Signal 
Transducers and Activators of Transcription1 
(STAT1) monomers in the cytoplasm. The STAT1 
dimer is then actively transported in the nucleus, 
where it binds to the promoter region of immediate-
early IFN-g-inducible genes and induces gene trans-
cription, including the IFN-g induced chemokine 
CXCL10.8 Several small molecule inhibitors and 
antibodies have been developed to target distinct key 
components of this pathway. Two different human 
monoclonal antibodies against IFN-g have been 
tested but failed in clinical trials in patients with 
psoriasis, Crohn’s, and systemic lupus erythema-
tosus.9-11 This is because other cytokines appear to 
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Vitiligo is a common autoimmune disease resulting 
from the destruction of epidermal melanocytes by 
cytotoxic T cells. It presents with disfiguring macu-
les and patches of depigmentation that significantly 
affect patients’ self-esteem and quality of life. The 
mainstay of treatment for vitiligo is phototherapy 
and topical immunosuppressants, including ste-
roids and calcineurin inhibitors. These treatments 
are non-targeted, time-consuming and only offer 
modest efficacy.1 Recent advances in understanding 
vitiligo pathogenesis have enabled us to identify the 
key signaling pathways that drive the disease. This 
provides us the opportunity to develop more effec-
tive targeted treatments, which could potentially 
have more favorable safety profiles. 

We recently identified that IFN-g is a key pathogenic 
cytokine in vitiligo pathogenesis. Gene expression 
profiling in lesional skin of patients and a mouse 
model of vitiligo indicated an increase in expres-
sion of IFN-g and IFN-g-induced genes. We found 
that CXCL10, an IFN-g-induced chemokine, was 
elevated in serum of patients with vitiligo, and that 
CXCR3, its cognate receptor, was upregulated on 
autoreactive T cells in the blood and skin of patients 
with vitiligo. Mechanistic experiments in our mouse 
model demonstrated that the IFN-g/CXCL10 axis 
is functionally required for both progression and 
maintenance of the disease, and therefore may be 
therapeutically targeted to reverse depigmentation.2,3 

Developing targeted immuno-
therapies for vitiligo: focusing 
on the IFN-g/CXCL10 axis 
m. rashighi, j.e. Harris



NEDERLANDS TIJDSCHRIFT VOOR DERMATOLOGIE EN VENEREOLOGIE  |  VOLUME 26  |  NUMMER 03  |  MAART 2016156

pathway in vitiligo, and strongly support testing new 
treatments that target the pathway in clinical trials.
 
REFERENCES

1. Ezzedine K, Eleftheriadou V, Whitton M, Geel N van. 
Vitiligo. Lancet 2015;386:74-84.

2. Harris JE, Harris TH, Weninger W, Wherry EJ, Hunter 
CA, Turka LA. A mouse model of vitiligo with focused 
epidermal depigmentation requires IFN-gamma for auto-
reactive CD8(+) T-cell accumulation in the skin. J Invest 
Dermatol 2012;132:1869-76.

3. Rashighi M, Agarwal P, Richmond JM, Harris TH, Dresser 
K, Su MW, et al. CXCL10 is critical for the progression and 
maintenance of depigmentation in a mouse model of vitiligo. 
Sci Transl Med 2014;6:223ra23.

4. Munk RB, Sugiyama K, Ghosh P, Sasaki CY, Rezanka L, 
Banerjee K, et al. Antigen-independent IFN-gamma pro-
duction by human naive CD4 T cells activated by IL-12 plus 
IL-18. PLoS One 2011;6:e18553.

5. Leonardi CL, Kimball AB, Papp KA, Yeilding N, Guzzo 
C, Wang Y, et al. Efficacy and safety of ustekinumab, a 
human interleukin-12/23 monoclonal antibody, in patients 
with psoriasis: 76-week results from a randomised, double-
blind, placebo-controlled trial (PHOENIX 1). Lancet 
2008;371:1665-74.

6. GlaxoSmithKline.  First Time in Human Study of 
Intravenous Interleukin-18 Antibody (A18110040). 
In: ClinicalTrials.gov [Internet]. Bethesda (MD): 
National Library of Medicine (US). 2000- [cited 
2016 Jan 19]. Available from: https://clinicaltrials.
gov/ct2/show/NCT01035645?term=interleukin-
18+binding+protein&rank=6 NLM Identifier: 
NCT01035645.

7. AB2 Bio Ltd.  Therapeutic Use of Tadekinig Alfa in Adult-
onset Still’s Disease. In: ClinicalTrials.gov [Internet]. 
Bethesda (MD): National Library of Medicine (US). 2000- 

be the main contributors of pathogenesis in those 
diseases while vitiligo, in contrast, is primarily 
IFN-g driven.    

Members of JAK family include JAK1, JAK2, JAK3, 
and TYK2. IFN-g specifically relies on JAK1 and 
JAK2 for signal transduction.12 Recently, two JAK 
inhibitors, tofacitinib (pan-JAK inhibitor, approved 
for rheumatoid arthritis) and ruxolitinib (JAK1/2 
inhibitor, approved for myelofibrosis and polycythe-
mia vera), were each reported to induce substantial 
repigmentation in two separate vitiligo patients.13,14 
The observation that serum CXCL10 declined 
shortly after initiating ruxolitinib supports the hypo-
thesis that JAK inhibition targets IFN-g signaling in 
vitiligo.14

Using a similar rationale, we also hypothesized 
that STAT1 inhibitors could potentially treat viti-
ligo by blocking IFN-g signaling. A previous study 
demonstrated that statins, or HMG-CoA reductase 
inhibitors, could block STAT1 function in vitro15, 
and a patient with vitiligo reportedly improved signi-
ficantly after taking high-dose simvastatin.16 Using 
our mouse model, we found that simvastatin was 
effective at both preventing and reversing vitiligo, 
however its exact mechanism of its action was not 
clear, as it also appeared to have pleiotropic effects, 
affecting melanocyte-specific T cell activation and 
proliferation in vitro.17 Studies are ongoing to test 
the efficacy of simvastatin in vitiligo patients, and 
a phase 2 controlled trial is currently recruiting 
patients to test the efficacy of adding atorvastatin to 
UVB in treatment of active vitiligo.18,19 

Further downstream of IFN-g signaling, it is possi-
ble to directly target CXCL10 or its receptor CXCR3. 
This could potentially be a safer approach, as it does 
not interfere with other functions of IFN-g, and we 
found that this was highly effective in both preven-
ting and reversing vitiligo in our mouse model.3 
Two separate human anti-CXCL10 monoclonal 
antibodies have been tested in phase 2 clinical trials 
in patients with rheumatoid arthritis and ulcera-
tive colitis, with only modest clinical efficacy.20,21 
Several classes of CXCR3 small molecule inhibitors 
have been developed and tested in experimental 
animal models, but only one has been progressed 
to a phase 2 clinical trial. This was to test the safety 
and efficacy of AMG-487 for the treatment of pso-
riasis, and it was terminated early due to lack of 
efficacy.22 However unlike those diseases, CXCL10 
and CXCR3-expressing T cells appear to be the key 
pathogenic contributor in vitiligo, and thus trials to 
test the efficacy of these drugs in vitiligo patients 
may be more successful. 

Taken together, developing a better understanding 
of the immune mechanisms involved in vitiligo 
pathogenesis by using both a mouse model and 
human tissues has enabled us to identify potential 
targets to develop new treatments. Recent disco-
veries indicate IFN-g-CXCL10 is a key signaling 

Figure 1. IFN-g/CXCL10 signaling pathway in vitiligo. Activated 
CD8+ T cells produce IFN-g either upon recognition of their cognate 
antigen or in response to IL-12 and IL-18. Binding of IFN-g to its 
membrane-bound heterodimeric receptor (IFN-gR) activates intracel-
lular JAK1 and JAK2, leading to phosphorylation and translocation of 
STAT1 to the nucleus, and subsequently transcription of CXCL10. This 
creates a positive feedback loop to recruit more CD8+ T cells through 
CXCL10-CXCR3 interaction. Compounds that have been developed to 
target each step are indicated in red. 
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SUMMARy
Vitiligo is a disfiguring autoimmune skin disease that 
significantly affects patients’ quality of life. Despite its 
high prevalence, there are currently no FDA approved 
treatments, and existing treatments are non-targeted and 
limited in efficacy. Recently, we identified the IFN-g/
CXCL10 axis as a critical signaling pathway for vitiligo 
pathogenesis. Multiple antibodies and small molecule 
inhibitors have been developed to target this axis, but 
they have been ineffective in early-phase clinical trials 
for other autoimmune diseases, likely because cytokines 

other than IFN-g are responsible for driving their patho-
genesis. However, our basic and translational research 
findings indicate that vitiligo may be the optimal disease 
to test these agents.
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Het onderzoek naar de pathogenese van vitiligo 
geeft meerdere aanwijzingen voor de rol van 
immuunactivatie in het veroorzaken van de depig-

mentatie.1 In de huid en in het bloed van vitiligo-
patiënten zijn immuunresponsen aanwezig die 
gericht zijn tegen melanocyten. Deze responsen 
bestaan uit cytotoxische T-cellen die melanocyten 
in de huid kunnen doden2, en antistoffen tegen 
pigmentantigenen.3 Genoomanalyses geven aan dat 
vitiligo geassocieerd is met een serie genen, waar-
van de meeste betrokken zijn bij de activatie van 
het immuunsysteem.4,5 Vitiligopatiënten hebben 
ook vaker andere auto-immuunziekten, bijvoorbeeld 
schildklieraandoeningen.6 Op basis hiervan is er 
nu internationale consensus dat vitiligo een auto-
immuniteit is. 
De ziekteactiviteit van vitiligo is een belangrijke 
parameter voor de keuze van repigmentatiethe-


