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Vitiligo:
What causes it?



Skin color comes from melanosomes created 
in melanocytes and passed to keratinocytes

JID (2005) 125, 364–372

“parasol” of melanosomes
protect the cell’s DNA in the nucleus
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What determines skin color?
Melanosome type, size, and shape – NOT melanocyte number
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Vitiligo:
My research questions



Systemic immunosuppression + nbUVB

Can a focused treatment work 
better and be safer?



Our Research Strategy:

BasicTranslational

Clinical

Seamless integration of 
clinical, translational, 
and basic research



T cells kill melanocytes
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A Mouse Model of Vitiligo with Focused Epidermal
Depigmentation Requires IFN-c for Autoreactive
CD8þ T-Cell Accumulation in the Skin
John E. Harris1, Tajie H. Harris2, Wolfgang Weninger3,4, E. John Wherry5, Christopher A. Hunter2

and Laurence A. Turka6

Vitiligo is an autoimmune disease of the skin causing disfiguring patchy depigmentation of the epidermis and,
less commonly, hair. Therapeutic options for vitiligo are limited, reflecting in part limited knowledge of disease
pathogenesis. Existing mouse models of vitiligo consist of hair depigmentation but lack prominent epidermal
involvement, which is the hallmark of human disease. They are thus unable to provide a platform to fully
investigate disease mechanisms and treatment. CD8þ T cells have been implicated in the pathogenesis of
vitiligo, and expression of IFN-g is increased in the lesional skin of patients, however, it is currently unknown
what role IFN-g has in disease. Here, we have developed an adoptive transfer mouse model of vitiligo using
melanocyte-specific CD8þ T cells, which recapitulates the human condition by inducing epidermal
depigmentation while sparing the hair. Like active lesions in human vitiligo, histology of depigmenting skin
reveals a patchy mononuclear infiltrate and single-cell infiltration of the epidermis. Depigmentation is
accompanied by accumulation of autoreactive CD8þ T cells in the skin, quantifiable loss of tyrosinase transcript,
and local IFN-g production. Neutralization of IFN-g with antibody prevents CD8þ T-cell accumulation and
depigmentation, suggesting a therapeutic potential for this approach.
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INTRODUCTION
Vitiligo is a skin disease that causes patchy depigmentation of
the epidermis and afflicts B0.5% of the population, without
preference for race or gender. It commonly affects the central
face and genitals, often localizes to the hands and feet, and
less commonly presents on the trunk and proximal extremi-
ties (Taieb and Picardo, 2009). Hair pigmentation is often
spared within lesional skin, and the successful treatment of

vitiligo results in repigmentation that usually begins as small
dark macules around the hair follicles, presumably because
follicular melanocytes are protected by immune privilege
(Falabella, 2009).

Previous studies have implicated autoreactive CD8þ

T cells in disease pathogenesis. For example, the frequency
of anti-melanocyte CD8þ T cells in both the blood and skin
of patients with vitiligo correlate with the severity of disease,
and lesional CD8þ T cells induce melanocyte apoptosis in
unaffected skin ex vivo (Ogg et al., 1998; van den Boorn
et al., 2009), an observation that supports a direct role for
cytotoxic T lymphocytes in melanocyte destruction in human
vitiligo. The role of inflammatory cytokines is not yet fully
defined, although IFN-g has been the most extensively studied.
In human patients, IFN-g is expressed in lesional skin and can
be produced by autoreactive CD8þ T cells (van den Boorn
et al., 2009), but its role in depigmentation is not known.

Existing models of vitiligo have been established in wild-
type C57BL/6 mice, which have black hair but light skin
owing to the few melanocytes found in the epidermis.
Consequently, the majority of these models focus on
depigmentation of the hair rather than the epidermis, and
because hair depigmentation predicts a poor response to
treatment, they may represent more severe forms of vitiligo
(van den Boorn et al., 2009). Here, we report a mouse
model of vitiligo using adoptive transfer of melanocyte-
specific CD8þ T cells into mice with increased epidermal
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Vitiligo - Hypothesis

We thought that IFN-γ is a cause of vitiligo
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CXCL10 Is Critical for the Progression and Maintenance
of Depigmentation in a Mouse Model of Vitiligo
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Vitiligo is an autoimmune disease of the skin that results in disfiguring white spots. There are no U.S. Food and Drug
Administration–approved treatments for vitiligo, and most off-label treatments yield unsatisfactory results. Vitiligo
patients have increased numbers of autoreactive, melanocyte-specific CD8+ T cells in the skin and blood, which are
directly responsible for melanocyte destruction. We report that gene expression in lesional skin from vitiligo
patients revealed an interferon-g (IFN-g)–specific signature, including the chemokine CXCL10. CXCL10 was elevated
in both vitiligo patient skin and serum, and CXCR3, its receptor, was expressed on pathogenic T cells. To address the
function of CXCL10 in vitiligo, we used a mouse model of disease that also exhibited an IFN-g–specific gene sig-
nature, expression of CXCL10 in the skin, and up-regulation of CXCR3 on antigen-specific T cells. Mice that received
Cxcr3 −/− T cells developed minimal depigmentation, as did mice lacking Cxcl10 or treated with CXCL10-neutralizing
antibody. CXCL9 promoted autoreactive T cell global recruitment to the skin but not effector function, whereas
CXCL10 was required for effector function and localization within the skin. Surprisingly, CXCL10 neutralization in
mice with established, widespread depigmentation induces reversal of disease, evidenced by repigmentation.
These data identify a critical role for CXCL10 in both the progression and maintenance of vitiligo and thereby
support inhibiting CXCL10 as a targeted treatment strategy.

INTRODUCTION
Vitiligo is a disease of the skin that afflicts ~0.5 to 2% of the population
and results in prominent, disfiguring white spots that may become
widespread (1). Vitiligo pathogenesis incorporates both intrinsic defects
within melanocytes that activate the cellular stress response and auto-
immune mechanisms that target these cells (2–12). Patients with vitiligo
have increased numbers of autoreactive, melanocyte-specific CD8+ T
cells in the skin and blood (13, 14). T cells infiltrate the skin during
vitiligo and localize to the epidermis where melanocytes, their target
cells, reside. In lesional skin, CD8+ T cells are found in close proximity
to dying melanocytes (15, 16), and one study reported that melanocyte-
specific, CD8+ T cells isolated from lesional skin migrated into non-
lesional skin ex vivo, found their melanocyte targets in situ, and
killed them (13). The melanocyte niche in the basal layer of the ep-
idermis is not vascularized, so T cells that migrate into the skin in
vitiligo must efficiently navigate through the dermis to find their targets
and mediate depigmentation. The signals that promote melanocyte-
specific T cell migration into and through the skin during vitiligo
are unknown.

There are currently no U.S. Food and Drug Administration–approved
medical treatments for vitiligo, and available off-label treatments are
problematic and often ineffective. Narrow-band ultraviolet B (nbUVB)
light is only provided in select facilities and requires time away from
work and school multiple times per week, resulting in lost productivity.

Topical steroids are impractical when large surface areas are affected,
and they carry the risk of systemic absorption with suppression of the
adrenal axis, in addition to striae and skin atrophy (1). Topical calci-
neurin inhibitors appear to have fewer risks, but they are costly and less
effective and treat only focal disease (17). Systemic immunosuppression
has been reported to halt the progression of vitiligo and reverse disease
through repigmentation (18); however, the risks associated with a non-
targeted systemic approach are substantial and usually deemed un-
acceptable when compared to the benefits. Therefore, the identification
of targeted therapies with an improved safety profile would be a substan-
tial advance. Recent progress in understanding the key cytokines that
promote psoriasis and related autoimmune diseases (such as rheumatoid
arthritis, inflammatory bowel disease, and others) have resulted in
biological treatments with excellent efficacy and safety profiles, substan-
tially improving patients’ quality of life (19). The cytokines that drive
vitiligo pathogenesis have not been well defined, although they are
not likely shared with these diseases because biological treatments
for psoriasis have been ineffective for vitiligo (20–22).

The dynamics at play within established vitiligo lesions are unknown,
although depigmented skin is widely thought to be inactive, such that
T cells have left the tissue and melanocytes are unable to regenerate.
However, the ability of even long-standing lesions to repigment after
treatment suggests that this is not always the case, but rather an ac-
tive immune process is at work to maintain depigmentation. Further
support for this hypothesis is found in the rapid repigmentation
of lesional human vitiligo skin after transplantation onto nude mice
(23), suggesting that host factors play an important role in maintain-
ing depigmentation.

Here, we report that both human vitiligo patients and a mouse model
of vitiligo reflect an interferon-g (IFN-g)–specific T helper 1 (TH1)
cytokine signature in the skin that includes the IFN-g–dependent chemo-
kines CXCL9, CXCL10, and CXCL11. CXCL10 is highly expressed
in the skin and serum of patients with vitiligo, and it promotes auto-
reactive T cell localization to the epidermis to initiate vitiligo in our
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Vitiligo is an autoimmune disease of the skin that results in disfiguring white spots. There are no U.S. Food and Drug
Administration–approved treatments for vitiligo, and most off-label treatments yield unsatisfactory results. Vitiligo
patients have increased numbers of autoreactive, melanocyte-specific CD8+ T cells in the skin and blood, which are
directly responsible for melanocyte destruction. We report that gene expression in lesional skin from vitiligo
patients revealed an interferon-g (IFN-g)–specific signature, including the chemokine CXCL10. CXCL10 was elevated
in both vitiligo patient skin and serum, and CXCR3, its receptor, was expressed on pathogenic T cells. To address the
function of CXCL10 in vitiligo, we used a mouse model of disease that also exhibited an IFN-g–specific gene sig-
nature, expression of CXCL10 in the skin, and up-regulation of CXCR3 on antigen-specific T cells. Mice that received
Cxcr3 −/− T cells developed minimal depigmentation, as did mice lacking Cxcl10 or treated with CXCL10-neutralizing
antibody. CXCL9 promoted autoreactive T cell global recruitment to the skin but not effector function, whereas
CXCL10 was required for effector function and localization within the skin. Surprisingly, CXCL10 neutralization in
mice with established, widespread depigmentation induces reversal of disease, evidenced by repigmentation.
These data identify a critical role for CXCL10 in both the progression and maintenance of vitiligo and thereby
support inhibiting CXCL10 as a targeted treatment strategy.

INTRODUCTION
Vitiligo is a disease of the skin that afflicts ~0.5 to 2% of the population
and results in prominent, disfiguring white spots that may become
widespread (1). Vitiligo pathogenesis incorporates both intrinsic defects
within melanocytes that activate the cellular stress response and auto-
immune mechanisms that target these cells (2–12). Patients with vitiligo
have increased numbers of autoreactive, melanocyte-specific CD8+ T
cells in the skin and blood (13, 14). T cells infiltrate the skin during
vitiligo and localize to the epidermis where melanocytes, their target
cells, reside. In lesional skin, CD8+ T cells are found in close proximity
to dying melanocytes (15, 16), and one study reported that melanocyte-
specific, CD8+ T cells isolated from lesional skin migrated into non-
lesional skin ex vivo, found their melanocyte targets in situ, and
killed them (13). The melanocyte niche in the basal layer of the ep-
idermis is not vascularized, so T cells that migrate into the skin in
vitiligo must efficiently navigate through the dermis to find their targets
and mediate depigmentation. The signals that promote melanocyte-
specific T cell migration into and through the skin during vitiligo
are unknown.

There are currently no U.S. Food and Drug Administration–approved
medical treatments for vitiligo, and available off-label treatments are
problematic and often ineffective. Narrow-band ultraviolet B (nbUVB)
light is only provided in select facilities and requires time away from
work and school multiple times per week, resulting in lost productivity.

Topical steroids are impractical when large surface areas are affected,
and they carry the risk of systemic absorption with suppression of the
adrenal axis, in addition to striae and skin atrophy (1). Topical calci-
neurin inhibitors appear to have fewer risks, but they are costly and less
effective and treat only focal disease (17). Systemic immunosuppression
has been reported to halt the progression of vitiligo and reverse disease
through repigmentation (18); however, the risks associated with a non-
targeted systemic approach are substantial and usually deemed un-
acceptable when compared to the benefits. Therefore, the identification
of targeted therapies with an improved safety profile would be a substan-
tial advance. Recent progress in understanding the key cytokines that
promote psoriasis and related autoimmune diseases (such as rheumatoid
arthritis, inflammatory bowel disease, and others) have resulted in
biological treatments with excellent efficacy and safety profiles, substan-
tially improving patients’ quality of life (19). The cytokines that drive
vitiligo pathogenesis have not been well defined, although they are
not likely shared with these diseases because biological treatments
for psoriasis have been ineffective for vitiligo (20–22).

The dynamics at play within established vitiligo lesions are unknown,
although depigmented skin is widely thought to be inactive, such that
T cells have left the tissue and melanocytes are unable to regenerate.
However, the ability of even long-standing lesions to repigment after
treatment suggests that this is not always the case, but rather an ac-
tive immune process is at work to maintain depigmentation. Further
support for this hypothesis is found in the rapid repigmentation
of lesional human vitiligo skin after transplantation onto nude mice
(23), suggesting that host factors play an important role in maintain-
ing depigmentation.

Here, we report that both human vitiligo patients and a mouse model
of vitiligo reflect an interferon-g (IFN-g)–specific T helper 1 (TH1)
cytokine signature in the skin that includes the IFN-g–dependent chemo-
kines CXCL9, CXCL10, and CXCL11. CXCL10 is highly expressed
in the skin and serum of patients with vitiligo, and it promotes auto-
reactive T cell localization to the epidermis to initiate vitiligo in our
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Efficacy and Safety of Ruxolitinib Cream for the Treatment of 
Vitiligo: Results of a 24-Week, Randomized, Double-Blind, Dose-
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Study Design

BID, twice daily; F-VASI, facial Vitiligo Area Scoring Index; QD, once daily.

* Rerandomization to 0.5% QD, 1.5% QD, or 1.5% BID at Week 24 for vehicle group.
† Rerandomization to 0.5% QD, 1.5% QD, or 1.5% BID if <25% improvement in F-VASI at Week 24.
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Patient Disposition
Double-Blind (Day 1 to Week 24)

Screened
n=205

Randomized
n=157

Completed Week 24
n=139

18 patients (11.5%) discontinued 
treatment by Week 24
• Withdrawal by patient, n=10
• Adverse event, n=3
• Lost to follow-up, n=2
• Protocol deviation, n=2
• Noncompliance, n=1



F-VASI50 Response

Error bars indicate standard error.
*** P<0.001 vs vehicle at Week 24; ** P<0.01 vs vehicle at Week 24; * P<0.05 vs vehicle at Week 24.

• At Week 24, the highest F-VASI50 response was achieved with the ruxolitinib cream 1.5% QD and BID regimens
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F-VASI75 Response

• At Week 24, the highest F-VASI75 response was achieved with the ruxolitinib cream 1.5% BID regimen

Error bars indicate standard error.
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Clinical Images Showing F-VASI Response
Vehicle

F-VASI: 3.00

Day 1

F-VASI: 3.00

Week 24



Clinical Images Showing F-VASI Response
Ruxolitinib Cream 1.5% BID

F-VASI: 0.13

Week 24Day 1

F-VASI: 1.13



Clinical Images Showing F-VASI Response
Ruxolitinib Cream 1.5% BID

Week 24

F-VASI: 0.13

Day 1

F-VASI: 1.50



Clinical Images Showing T-VASI Response
Ruxolitinib Cream 1.5% BID

Day 1 Week 24



Safety
Treatment-Emergent Adverse Events Through 24 Weeks

Ruxolitinib Cream

Vehicle
(n=32)

0.15% QD
(n=31)

0.5% QD
(n=31)

1.5% QD
(n=30)

1.5% BID
(n=33)

Total
(n=157)

Patients with TEAE, n (%) 20 (62.5) 20 (64.5) 22 (71.0) 22 (73.3) 20 (60.6) 104 (66.2)

Most common TEAEs,* n (%)

Acne 1 (3.1) 4 (12.9) 3 (9.7) 3 (10.0) 5 (15.2) 16 (10.2)

Application site pruritus 3 (9.4) 6 (19.4) 3 (9.7) 3 (10.0) 1 (3.0) 16 (10.2)

Pruritus 3 (9.4) 1 (3.2) 4 (12.9) 4 (13.3) 2 (6.1) 14 (8.9)

Viral upper respiratory tract infection 5 (15.6) 3 (9.7) 2 (6.5) 2 (6.7) 1 (3.0) 13 (8.3)

Headache 3 (9.4) 1 (3.2) 0 3 (10.0) 2 (6.1) 9 (5.7)

Treatment-related TEAE, n (%) 12 (37.5) 11 (35.5) 11 (35.5) 10 (33.3) 10 (30.3) 54 (34.4)

TEAE leading to discontinuation, n (%) 1 (3.1) 1 (3.2)† 0 0 0 2 (1.3)

Serious TEAE, n (%) 0 0 0 0 1 (3.0)‡ 1 (0.6)

TEAE, treatment-emergent adverse event.
* Occurring in ≥5% of the total patient population; † Headache related to treatment; ‡ Subdural hematoma not related to treatment.

• Ruxolitinib cream was not associated with clinically significant application site reactions or serious treatment-
related adverse events
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IL15RbAb removes Trm and reverses vitiligo
Score #Trm

Richmond, et al.
STM, 2018



IL15RbAb treatment is long-lasting
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