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targeted treatments for vitiligo
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Vitiligo is a common, disfiguring autoimmune disease 
caused by the destruction of epidermal melanocytes. 
It presents with patchy depigmentation of skin, which 
significantly affects patients’ self-esteem and quality of 
life. The mainstay of vitiligo treatment is topical steroids, 
calcineurin inhibitors, and/or narrow band UVB (nbUVB) 
phototherapy (1). These treatments utilize a non-targeted 
approach with moderate efficacy, but are used off-label, 
as they are not Food and Drug Administration (FDA)-
approved for use in vitiligo. Currently, the only FDA-
approved treatment for the disease is monobenzone 
cream (Benoquin®), which is actually used to permanently 
depigment, rather than repigment, the skin. This treatment 
results in an even skin tone, and can be appropriate for 
patients with extensive disease (2,3). However, it is one 
of a limited number of treatments used in medicine to 
intentionally make disease worse, and treatments focused on 
reversing vitiligo, with better efficacy, are greatly needed. 

Over the past three decades, researchers have made 
significant progress in developing new, more targeted 
treatments for autoimmune diseases. Unlike the majority 
of traditional drugs, biologics and other targeted therapies 
are designed to selectively inhibit specific components 
of an inflammatory pathway responsible for driving 
disease pathogenesis. This approach has the potential to 
revolutionize the management of many inflammatory 
diseases, including skin diseases like psoriasis, urticaria, 
and atopic dermatitis (4-6). Tumor necrosis factor 
(TNF)-α inhibitors, for example, initially developed for the 
treatment of rheumatoid arthritis (RA), were later found to 
significantly improve psoriasis skin and joint inflammation, 
suggesting that TNF-α is a key inflammatory mediator in 

disease pathogenesis (7). 
TNF-α is also mildly elevated in the lesional skin and 

blood of patients with vitiligo (8-11), and so there was 
initial excitement about testing existing biologic therapies 
that target TNF-α for vitiligo patients. However, multiple 
small trials to test these drugs in vitiligo failed, and in fact 
induced or worsened disease in several patients (12-16). A 
recent review attempted to compile these studies and argue 
that TNF-α inhibitors, while ineffective at repigmentation, 
may have stabilized disease (17). However the studies did 
not track disease progression, and were not powered or 
conducted long enough to measure stabilization (13,14,16). 
In fact, one study claimed stabilization in a patient, but the 
figure revealed progression (13), and one of us (JEH) has 
cared for a patient with progressive disease that continued 
to progress unimpeded during treatment with etanercept 
for psoriasis. In summary, it appears that TNF-α inhibitors 
are ineffective for vitiligo, which suggests that vitiligo is 
driven by a distinct inflammatory pathway that is not shared 
with psoriasis. 

Thus, for the development of new, targeted therapies 
for vitiligo the autoimmune pathways responsible for 
progression would have to be determined. We found 
that gene expression profiling in lesional skin of patients 
and a mouse model of vitiligo indicated an increase in 
expression of IFN-γ and IFN-γ induced genes (18,19). In 
this context, vitiligo is more similar to alopecia areata (AA), 
an autoimmune disease that presents with patchy hair loss, 
than it is to psoriasis (20). We also found that CXCL10, an 
IFN-γ induced chemokine, is elevated in serum of patients 
with vitiligo, and that CXCR3, its cognate receptor, was 
upregulated on autoreactive T cells in the blood and skin 
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of patients with vitiligo. We then demonstrated that the 
IFN-γ/CXCL10 axis is functionally required for both 
progression and maintenance of the disease in a mouse 
model, and therefore can be therapeutically targeted to 
reverse depigmentation (18,19). 

IFN-γ/CXCL10 signaling begins with binding of IFN-γ 
to the IFN-γ heterodimeric receptor that activates the 
Janus Kinase (JAK)-STAT pathway, which leads to STAT1 
activation. This is followed by STAT1 translocation to the 
nucleus and subsequent binding to the promoter region 
of immediate-early IFNγ-inducible genes, resulting in 
CXCL10 transcription (Figure 1) (21). A number of human 
monoclonal antibodies against IFN-γ have been tested in 
clinical trials in patients with psoriasis, Crohn’s disease (CD), 
and systemic lupus erythematosus (SLE) (Table 1) (22-24).  
Although treatment showed modulation of the gene 
expression associated with IFN-γ signaling, these trials 
failed to meet the primary endpoint of the study. This 
is likely because IFN-γ is not driving these diseases, but 
in contrast, existing data strongly implicate IFN-γ as the 
critical driver of autoimmunity in vitiligo, and support 
testing IFN-γ antibodies in this patient population. 

JAKs comprise a family of intracellular, non-receptor 
tyrosine kinases that transduce cytokine-mediated signals 

to activate the STAT1 transcription factor. Members 
include JAK1, JAK2, JAK3, and TYK2. JAK1 and JAK2 are 
directly involved in IFN-γ signal transduction following 
its binding to the receptor (25), and are thus downstream 
signaling mediators that could be appropriate targets for 
vitiligo therapy. Indeed, two JAK inhibitors, tofacitinib  
(pan-JAK inhibitor, approved for RA) and ruxolitinib (JAK1/2 
inhibitor, approved for myelofibrosis and polycythemia 
vera), were each recently reported to induce substantial 
repigmentation in two separate vitiligo patients (26,27). Our 
patient treated with ruxolitinib demonstrated a decrease in 
his serum CXCL10 level shortly after initiating treatment, 
supporting its role as an IFN-γ signaling inhibitor (27).

Using the same reasoning, we also hypothesized that 
STAT1 inhibitors could potentially treat vitiligo. Based on 
a study that reported that statins, or HMG-CoA reductase 
inhibitors, could block STAT1 function in vitro (28) and a case 
report in which a patient improved significantly after taking 
simvastatin (29), we tested simvastatin as a treatment in our 
mouse model. It was effective at both inhibiting and reversing 
vitiligo in the model although its mechanism of action was 
not clear, as it appeared to have multiple pleotropic effects 
on T cells during the progression of disease (30). Studies are 
ongoing to test its efficacy in vitiligo patients (31).

Another treatment strategy for vitiligo would be to 
directly target CXCL10 or its receptor CXCR3. This 
could possibly be a safer approach, as it interrupts the 
disease process further downstream without interfering 
with the other effectors of IFN-γ. We found that this was 
highly effective in preventing and reversing vitiligo in our 
mouse model (19). Two separate human anti-CXCL10 
monoclonal antibodies have been tested in phase 2 clinical 
trials in patients with RA and ulcerative colitis (UC). While 
the treatment was well tolerated, it only showed moderate 
clinical efficacy (Table 1) (32,33). In addition, several classes 
of CXCR3 small molecule inhibitors have been described, 
yet despite promising results in preclinical studies, only one 
has been progressed to a phase 2 clinical trial (34). This 
was to evaluate the safety and efficacy of AMG-487 for the 
treatment of patients with psoriasis, and was terminated 
early due to lack of efficacy. This is likely due to the fact 
that psoriasis is driven by cell types other than CXCR3-
expressing T cells (35). However, these cells appear to be 
the main effectors in vitiligo (19), and therefore vitiligo may 
be the optimal inflammatory disease to test these CXCR3 
antagonists.

The use of targeted immunotherapy has revolutionized 
our management of patients with psoriasis, RA, and 

Figure 1 IFN-γ/CXCL10 signaling pathway in vitiligo. Binding of 
IFN-γ to its receptor (IFN-γR) activates the JAK-STAT pathway 
and leads to CXCL10 secretion in the skin. CXCL10 promotes 
recruitment of additional autoreactive CD8+ T cells through its 
cognate receptor (CXCR3), which increases inflammation through 
a positive feedback loop. Compounds that have been developed to 
target each step are indicated in red. 
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Table 1 Clinical trials reported for drugs that target IFN-γ/CXCL10 pathway

Target Compound Company Phase Indication Design Status

IFN-γ AMG 811 Amgen I SLE Safety study, randomized, 
double-blind, placebo-
controlled

Completed, acceptable 
safety, not designed to 
study clinical efficacy, dose-
dependent reduction in serum 
CXCL10

AMG 811 Amgen I DLE Safety/efficacy study, 
randomized, double-blind, 
placebo-controlled

Terminated, acceptable 
safety, no apparent clinical 
efficacy, pharmacodynamic 
efficacy in blood but not in 
skin

AMG 811 Amgen I Psoriasis Safety study, randomized, 
double-blind,  
placebo-controlled

Completed, study results not 
reported

Fontolizumab PDL BioPharma II RA Efficacy study, 
randomized, open-label

Terminated early because the 
first phase did not meet the 
primary endpoint

Fontolizumab Facet Biotech I CD Safety/efficacy study, 
randomized, double-blind, 
placebo-controlled

Completed, well tolerated, 
but did not meet the primary 
clinical endpoint

NI-0501 NovImmune II HLH Safety/efficacy study, 
open-label, single-arm

Currently recruiting 
participants

CXCR3 AMG 487 Amgen-Tularik II Psoriasis Safety/efficacy study, 
randomized, double-blind, 
placebo-controlled

Terminated due to the lack of 
efficacy

CXCL10 BMS-936557 Bristol-Myers; 
squibb

II RA Efficacy study, 
randomized, double-blind, 
placebo-controlled, multi-
dose

Completed, well tolerated, 
met the primary clinical 
efficacy endpoint

BMS-936557 Bristol-Myers; 
squibb

II UC Safety/efficacy study, 
randomized, double-blind, 
placebo-controlled,  
multi-dose

Completed, well tolerated, 
modest clinical efficacy, but 
did not meet the primary or 
secondary endpoints

BMS-936557 Bristol-Myers; 
squibb

II CD Safety/efficacy study, 
randomized, double-blind, 
placebo-controlled

Completed, study results not 
reported

NI-0801 NovImmune II PBC Safety/efficacy study, 
open-label, single-arm, 
multiple-dose

Terminated, study results not 
reported

SLE, systemic lupus erythematosus; DLE, discoid lupus erythematosus; RA, rheumatoid arthritis; CD, Crohn’s disease; HLH, 

hemophagocytic lymphohistiocytosis; UC, ulcerative colitis; PBC, primary biliary cirrhosis. 
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inflammatory bowel disease, and understanding the key 
signaling pathways that drive the pathogenesis of each 
disease is a critical step for the development of these 
treatments. Taken together, recent discoveries suggest that 
targeting the IFN-γ-CXCL10-CXCR3 axis has excellent 
potential for developing new vitiligo treatments.
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