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Vitiligo is an autoimmune disease presenting with progressive loss of skin pigmentation.
The disease strikes 1% of the world population, generally during teenage years. The
progressive loss of melanocytes from depigmenting vitiligo skin is accompanied
by cellular infiltrates containing both CD4+ and CD8+ T lymphocytes. Infiltrating
cytotoxic T cells with high affinity T cell receptors have likely escaped clonal deletion in
skin draining lymph nodes, allowing such T cells to enter the circulation. Through the
expression of CLA, these T cells home to the skin where they express type 1-cytokine
profiles and mediate melanocyte apoptosis via the granzyme/perforin pathway. T cells
found juxtapositionally apposed to remaining melanocytes can be isolated from the
skin. Vitiligo T cells have demonstrated reactivity to antigens previously recognized as
target antigens for T cells infiltrating melanoma tumors. In a comparison to existing
melanoma-derived T cells, vitiligo T cells displayed superior reactivity towards
melanoma cells. It is thought that genes encoding the TCRs expressed by vitiligo skin
infiltrating T cells can be cloned and expressed in melanoma T cells, thereby generating
a pool of circulating T cells with high affinity for their targets that can re-direct the
immune response towards the tumor.

Bullet points:
»» Vitiligo is characterized by progressive loss of melanocytes from the epidermis
accompanied by elevated titers of anti-melanocyte antibodies and by inflammatory
skin infiltrates.
»» Melanosomes are lysosome-like organelles where melanogenic enzymes reside that
form prime target antigens for T cells infiltrating melanoma tumors or depigmenting
vitiligo skin.
»» Melanocytes secrete cytokines, and can phagocytoze, process and present antigens to
T cells in the context of MHC class II, accounting in part for their immunogenicity.
»» Depigmenting vitiligo skin is characterized by MHC class II expressing melanocytes
by granzyme-expressing, skin infiltrating T cells with type 1 cytokine profiles.
»» Polyclonal cytotoxic T cells derived from vitiligo skin are highly reactive towards
melanoma cells and may serve as a superior source of high affinity TCR genes to
treat melanoma.
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The history of autoimmune vitiligo
Vitiligo is defined as a skin disorder characterized by progressive loss of pigmentation
(1). The age of onset is most frequently found in the 2nd decade of life, coinciding
with major hormonal changes, yet a subset of patients acquires vitiligo much later
in life (2). The distribution of lesions appears to vary accordingly (3). It is thought
that as much as 1% of the world population is afflicted by vitiligo (1). Convincing
epidemiologic studies to assess the distribution of vitiligo among ethnic groups are
lacking and although there is currently no evidence for a bias towards a particular skin
type, the appearance of milky-white skin lesions is particularly devastating against a
background of darkly pigmented skin (4). Coincidentally, vitiligo lesions can resemble
depigmented skin patches in patients with tuberculoid leprosy, a disease not yet fully
eradicated (5). Here vitiligo patients can be ostracized within their communities, with
severe social and economical consequences.
Existing therapies for vitiligo are considered inadequate (6). Patients with a recent
diagnosis of vitiligo who are seeking treatment may consider their treatment effective,
yet (unpublished observation) the majority of long-standing patients are not currently
seeking treatment and prior treatment attempts are generally considered ineffective. We
speculate that this apparent difference of opinion reflects a true difference in efficacy, as
the majority of newly diagnosed patients is young and therefore likely more responsive
to therapy in general, and newly diagnosed patients are more likely to receive novel
and more effective therapeutic measures based on recent findings regarding vitiligo
etiology.
In order to investigate whether vitiligo etiology involves an autoimmune response
to melanocytes, it was necessary to first establish that milky-white skin patches were
devoid of melanocytes rather than lesions being caused by melanocytes having lost
the ability to generate melanin. Immunostainings with a panel of antibodies reactive
with different melanocyte antigens supported the loss of differentiated melanocytes
from vitiligo lesional skin. (7) The question remains whether the epidermis harbors
undifferentiated melanocyte stem cells, and whether these stem cells will be left
unharmed in vitiligo skin. As shown in Figure 1, c-KIT expression is not observed
in lesional vitiligo epidermis. Since c-KIT signaling is considered crucial for the
proper distribution and maintenance of melanoblasts in the epidermis, these findings
suggest that vitiligo skin is devoid of melanocyte precursors (7). Thus, it may not be
possible to repigment vitiligo skin through the differentiation of stem cells already
present within the epidermis. However, a source of stem cell factor receptor , c-KIT
expressing, melanocyte precursors is often maintained in the bulge region of the hair
follicle, within vitiligo lesional skin. The stimulation of melanocyte differentiation and
migration from hair follicles can be a successful treatment for vitiligo. This is supported
by reports of ‘freckly’ repigmentation in patients undergoing PUVA therapy (8).
The concept of vitiligo as an autoimmune disease was introduced following
reports of autoantibodies found in serum from patients with active disease (9).
This phenomenon has been studied in great detail, and antibodies directed against
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Figure 1. Lack of expression of c-kit in lesional vitiligo skin. Sections of (A) non-lesional and (B) lesional
vitiligo skin were subjected to indirect immunoperoxidase staining. Expression of the steel factor receptor
was observed in non-lesional, but not in lesional skin. Original magnification 400x.
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melanocytes are clearly more prevalent in patients with active vitiligo. These antibodies
are generally reactive with intracellular antigens, and humoral immunity to pigment
cells may constitute an epiphenomenon that occurs in response to cell damage. In this
respect the discovery of the melanin-concentrating receptor-1 (MCR1) as a target for
vitilgo autoantibodies is of interest (10). This can explain at least in part why adoptive
transfer of vitiligo serum can induce depigmentation of xenografted human skin in
SCID mice (11). Further evidence in support of a role for antibodies is provided by
demonstrating antibody-dependent cellular cytotoxicity (ADCC) in vitro (12). At the
very least, humoral responses indicate active anti-melanocyte reactivity.
We have demonstrated the consistent presence of an inflammatory infiltrate
surrounding expanding vitiligo lesions (13). This has long been overlooked, likely
because infiltrates are found only in active disease and because the infiltrates are generally
small (13). Frequently, patients report progression of their lesions to be associated
with itchy skin (unpublished observation). Infiltrates consist of macrophages, as well
as dendritic cells and T cells. In contrast to psoriasis, no B cells are found in vitiligo
skin (14). T cells found in peri-lesional skin of active lesions express the skin homing
receptor CLA (cutaneous lymphocyte antigen), indicating that these T cells were
‘en route’ to the skin (13). These finding greatly evoked our interest in cell mediated
autoimmunity and its role in vitiligo pathogenesis.
It should be mentioned, that depigmentation will develop only in individuals
prone to develop vitiligo. In this respect there are many reports of melanocytes with
aberrant morphology in pigmented skin from vitiligo patients, suggesting that these
melanocytes are increasingly sensitive to stress (15,16). Indeed, ‘occupational vitiligo’
in response to phenolic agents will occur only in a subset of individuals (17). It appears
that melanocytes from vitiligo patients will respond differently to stress: we have
demonstrated that vitiligo melanocytes will release more HSP70 in response to model
stressor compound 4-TBP (18). Stress proteins can function as peptide chaperones and
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are capable of activating dendritic cells (19, 20). In fact, stress protein/ tumor antigen
fusion proteins are currently in clinical trials for the treatment of human tumors,
including melanoma. Interestingly, it has been shown that vitiligo development in
melanoma patients is an indicator of effective immunity against the tumor, and vitiligo
in melanoma patients is considered a positive prognostic factor (21). It is therefore
of great importance to analyze the similarities and discrepancies among effective
immunity to melanocytic cells in autoimmune vitiligo, and the lack thereof in patients
with malignant melanoma (22).

A glance at melanocyte immunobiology
Melanocytes are unique in their ability to confer pigmentation to the skin. The
process is based on melanin synthesis within specialized organelles, the melanosomes.
Melanosomes contain enzymes and structural components required for effective
melanization. MART-1 appears to lay the groundwork for the deposition of the
melanosomal matrix, assisted by gp100 (23). These 2 molecules are also considered the
most immunogenic antigens of the melanocytic cells and T cells infiltrating melanoma
tumors are most frequently reactive with either of these antigens (24). The subsequent
arrival of tyrosinase and tyrosinase-related enzymes TRP-1 and TRP-2 completes the
arsenal of melanosomal enzymes. Eumelanin (brown/black melanin) offers better
protection against UV whereas in pheomelanogenesis, more radicals are generated
than can be scavenged by the yellow/reddish brown end product, explaining in part
why pheomelanized individuals (including orientals) will develop skin tumors more
frequently than darkly pigmented individuals (25).
The melanosome is unique in particular because it is transferred to neighboring cells
in a process that remains poorly understood to date. This process is of particular interest
to immunologists. Organelle transfer has otherwise been described only for exosomes,
small lipid vesicles serving to discard or transfer membrane proteins. Exosomes are
considered important for DC activation and the induction of immune responsiveness
to antigens contained within these organelles (26). Interestingly, organelles transferred
from melanocytes to keratinocytes are in fact equivalent to lysosomes in other cells.
It is well possible that lysosome transfer can likewise occur between cells as well but
cannot be easily observed for lack of a marker as readily detectable as melanin. The
transfer of lysosome-like organelles may allow for sharing of antigens destined for
presentation in the context of MHC class II. It should be noted that ripe melanosomes
do not contain intact melanogenic enzymes as shown by melanocyte fractionation
(27). But peptide fragments may be generated within the acidic environment of the
melanosome. Resulting peptides may retain their immunogenicity when transferred
to dendritic cells. Thus peptides derived from gp100, MART-1 and other melanosomal
proteins, may be transferred to infiltrating dendritic cells in the absence of melanocyte
death within the skin. This may explain why melanocytes are highly immunogenic
whereas this cell type is otherwise very resistant to apoptosis (28).
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Melanocyte immunogenicity has also been ascribed to their Langerhans cell-like
morphology and distribution. Melanocytes synthesize primary cytokines, and are
thus capable of eliciting a local immune response (29). Moreover, we have previously
demonstrated that melanocytes are capable of phagocytosis and can process and present
antigens in the context of MHC class II to CD4+ proliferative and cytotoxic T cells
(30,31). As melanocytes lack the mobility of Langerhans cells and other professional
antigen presenting cells, it is conceivable that antigen presentation within the skin
renders the melanocyte a ‘sitting duck’ for an immune attack. Of course, this situation
will arise only when the melanocyte expresses MHC class II molecules, which happens
to be the case only in vitiligo and in melanoma (32). These are also situations where T
cell responses to melanocytes prevail. In conclusion, a role for melanocytes within the
Skin Immune System cannot be overlooked as we assess the etiology of vitiligo.

Involvement of T cells in depigmentation

4

T cells are more prevalent in vitiligo perilesional skin than in surrounding non-lesional
or lesional skin. An occasional T cell remains in lesional skin but most of the infiltrate
appears to migrate with the depigmenting epidermal border. Among the T cells, the
infiltrate consists mainly of CD8 but also of CD4 T cells (33). Since cytotoxic T cells
are especially prevalent and colocalize with remaining melanocytes, it was postulated
that these T cells are actively cytolytic towards remaining melanocytes (34). T cells
express granzyme and the prevailing theory is that cytotoxicity is mediated by the
granzyme/perforin pathway rather than through Fas/FasL in vitiligo (unpublished
observations). It is well possible that cytotoxicity is executed in part by CD4+ T cells
as HLA-DR expression by melanocytic cells appears to be limited to melanocytes in
vitiligo marginal skin and melanoma cells within tumors. In this respect it is of interest
that the T cell clones originally isolated from a patient with leprosy that were used
to demonstrate reactivity towards MHC class II expressing melanocytes were reactive
with mycobacterial stress protein hsp65 (31). This is noteworthy, particularly since
Schwann cells harbor the causative M. leprae organism in leprosy, whereas Schwann
cells are developmentally very closely related to melanocytes (35). This similarity
may ultimately contribute to cross reactivity or epitope spreading from Schwann
cell antigens to melanocytes, explaining the similarity among lesions observed in
tuberculoid leprosy and autoimmune vitiligo.
The involvement of T cells in vitiligo is further supported by the observation that
depigmentation is accompanied by the expression of type 1 cytokines. We found that
IFN-γ inducible CDw60, representative of the ganglioside GD3, was upregulated in
perilesional skin (36). The type 1 cytokine profile observed for T cells isolated directly
from depigmenting lesions likewise support a T cell mediated autoimmune response.
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Promising aspects of high affinity autoimmune TCR
Skin infiltrating T cells can be isolated from tissue biopsies of interest and grown
in bulk. These T cells can be collected and propagated without antigen selection in
presence of IL-2 and anti-CD3/anti-CD28 antibody coated beads. T cells have been
isolated from perilesional skin of an HLA-A*0201+ patient with active vitiligo. These
unselected T cells were found to have similar reactivity towards HLA-A*0201+
melanocytes when compared with established T cell lines from melanoma patients
that are >90% melanoma reactive (unpublished observation). Importantly, our vitiligo
Legends to Figures
T cells demonstrated superior reactivity towards HLA-A*0201+ melanoma cells. We
have since determined that >15% of our T cells were reactive with the gp100 209-217
epitope as shown in Fig. 2. Interestingly, among six T cell clones reactive with the
gp100 209-217 epitope we have thus far identified two different TCRs (unpublished).
Our data support the current hypothesis, that T cells isolated from vitiligo skin are
highly reactive with melanoma-associated antigens (37). High affinity TCRs, once
expressed in PBMC from melanoma patients, can more effectively target the tumor
(38). It is well possible that high affinity T cells previously escaped clonal deletion in
skin-draining lymph nodes and were inadvertently allowed to enter the circulation,
emigrating to the skin to inflict damage to the melanocyte population. (39).
An ongoing autoimmune response may be allowed to further develop and mature in
the absence of functional T regulatory cells (T regs) (40). These cells actively mediate
Figure 1. Lack of expression of c-kit in lesional vitiligo skin.
suppression of the immune system generally by secreting IL-10 and TGF-β to prevent
Sections of (A) non-lesional
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Figure
2. Abundance
gp100 reactive
among
lymphocytes
from perilesional
vitiligo skin.vitiligo skin.
Figure
2. Abundance
ofofgp100
reactiveTTcells
cells
among
lymphocytes
from perilesional
Lymphocytes from a progressive generalized vitiligo patient were expanded in presence of CD3/CD28
coated beads and IL-2, then reacted with fluorescently detected HLA-A2 dimers loaded with either (A)
gp100 209-217 or (B) irrelevant human papillomavirus-derived immunogenic peptide, HPV16 E7 16
86-93,
plus a fluorescent antibody to CD8, and analyzed by flow cytometry.
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targets enter the skin and continuously proliferate and migrate towards novel target
cells, causing depigmentation. This unfortunate event of disfiguring depigmented skin
patches left in vitiligo patients may turn out to be a blessing in disguise if the T cell
receptors expressed by high affinity T cells provide an effective treatment for melanoma
patients.
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