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Summary

Melanoma is an “immunogenic tumor”, often highly infiltrated with lymphocytes, which are
capable of inducing regression of the primary tumor. The commonly observed phenomenon of
regression suggests substantial cross-talk between immune cells and transformed melanocytes. An
immune response to melanocyte differentiation antigens common to transformed and normal
melanocytes manifests clinically at distant sites as melanoma associated vitiligo or halo nevi.
Despite similar antigenic targets, the pathogenesis and prognosis differs between the different
melanoma associated leukodermas. Understanding immunologic cross-talk between melanocytes
and the immune system will aid the development of approaches to combat melanoma.
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Introduction

Malignant melanoma is a highly aggressive tumor derived from transformed melanocytes,
steadily rising in incidence. In the United States alone, there will be approximately 76,000
new cases of melanoma, and over 9,000 deaths in 2013 ( 2013). The incidence rose at 6%
annually in the 1970s and continues to increase at 3% annually. While the overall survival is
>90%, once the disease has spread, the 5 year survival is 62% and with distant metastases,
drops to 15%. Clearly new therapies are needed, and there are currently two new drugs
which are making an impact. Ipilimumab is an antibody capable of promoting an anti-tumor
immune response by reducing normal down-regulation of immunity by the molecule
CTLA-4 (Hodi et al., 2010). Vemurafenib is a small molecule inhibitor which leads to
dramatic tumor regression in patients with a mutated BRAF signaling molecule (Sosman et
al., 2012). Unfortunately, the frequency of patients responding to ipilimumab is only up to
10% (Mellman et al., 2011), and the duration of response to Vemurafenib is short, with only
5.3 months of progression free survival (Chapman et al., 2011). Most recently, blockade of
another negative immune regulatory interaction, that of PD-1 (expressed by activated T
cells) and its ligand, PD-L1 (expressed by tumor and stromal cells) has shown significant
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clinical activity in melanoma (Topalian et al., 2012, Brahmer et al., 2012), and is capable of
inducing durable responses. Much work is still ahead to more fully understand the
pathogenesis of melanoma, drug resistance mechanisms that evolve, and for the
development of new drugs and combinations with superior clinical benefit. Better
understanding of immunity to melanocytes in melanoma, which clinically manifest as
leukodermas, could further advance these goals, by identifying potential targets for
immunotherapy and novel small molecule inhibitors and by combining approaches.

Several types of leukoderma have been described in melanoma patients:

«  Primary melanoma regression — A progressive process replacing the tumor with
fibrous stroma within the superficial dermis. Complete regression of a tumor is
rare.

e Halo nevus (Sutton’s nevus) — A rim of depigmentation surrounding a melanocytic
nevus.

» Melanoma-associated depigmentation: appearance of white patches in sites distant
from the primary tumor, arising either spontaneously or following immunologic
based treatments.

Here, we will review the current literature on melanoma-associated leukodermas and discuss
their immunologic pathogeneses and clinical significance.

The melanocyte

Melanocytes are the pigment producing cells of the skin, providing color to the skin, hair
and eyes as well as protection from ultraviolet light and free radicals (Bustamante et al.,
1993). During embryogenesis, melanocytes migrate from the neural crest to the epidermis,
hair follicle, leptomeninges, uveal tract and the inner ear. In the skin, the melanocyte resides
within the basal layer of the epidermis, with its cell body sitting at the basal lamina and its
dendrites in contact with approximately 30—40 surrounding keratinocytes, to which it
transfers melanosomes. The synthesis of melanin takes place in the melanosomes,
intracytoplasmatic organelles that produce eumelanin (brown or black melanin, more
abundant in dark skin) and pheomelanin (yellow-red melanin, found in red hair, light and
dark skin). Melanin is synthesized from its precursor, tyrosine, through an enzymatic
process involving Tyrosinase, Tyrosinase-related protein 1 (TRP-1) and Tyrosinase-related
protein 2 (TRP-2).

Melanosomes which produce eumelanin progress through four stages of maturation, with the
first two stages generating a matrix favorable for eumelanin deposition and polymerization.
It is thought that the melanin intermediates can be concentrated on this matrix, and perhaps
stabilized or detoxified there. Gp100 (Pmel17) is a major component of the fibrillar matrix
of early stage melanosomes, is maintained in most epidermal and uveal melanomas and thus
makes an excellent target for immunotherapy (Theos et al., 2005). Hoashi and colleagues
recently demonstrated that a secreted form of gp100 (sPmel17) is released by regulated
proteolytic ectodomain shedding, so it may serve as a melanoma-specific serum biomarker
for early detection (Hoashi et al., 2010). MART-1 (Melanoma Antigen Recognized by T
cells, also known as Melan-A) forms a complex with gp100 and affects its expression,
stability, trafficking and the processing which is required for melanosome structure and
maturation. MART-1 is indispensable for gp100 function and plays an important role in
pigmentation (Hoashi et al., 2005).

Melanosome antigens, being intracellular proteins, are expressed in peptide form on the
surface of melanocytes and keratinocytes in the context of major histocompatibility complex
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(MHC) class | molecules. This is a process that allows for surveillance by the immune
system. Negative selection of self-reactive T cells during ontogeny of the immune system
reduces the risk of autoimmunity by reducing the high avidity self-reactive T cells.
However, these melanosome containing cells may be recognized by remaining CD8" T cells
under inflammatory conditions that can increase antigen presentation to the immune system
through maturation of antigen presenting cells (APC) to more optimal T cell stimulatory
activity (which can support activation of naive and lower avidity T cells), and increasing
migration of APC, like dendritic cells (DC), from skin to lymph nodes, where they
encounter a large number of T cells.

The subcellular location of these melanocytic proteins affects their processing and
presentation. MART-1 has a transmembrane region which is composed of hydrophobic
residues and contains the immunodominant HLA-A2 MHC class | epitope amino acids
(MART-157.35). This location has been demonstrated to adversely affects its” cell surface
presentation and immunogenicity (Rimoldi et al., 2001). This may be balanced by its
presence in multiple vesicles, including not only melanosomes but also the trans-golgi
network, which may positively impact its’ processing (De Maziere et al., 2002). Much is
known about the immunogenicity of MART-1 and the behavior of T cells specific to it
because these T cells are present in the circulation at an unusually high frequency
(approximately 100 times more than most self antigen-specific T cells). This was shown to
be due to an unusually high thymic output of naive CD8" T cells specific to the MART-1
epitope restricted by the common HLA-A2 molecule (Zippelius et al., 2002).

Overwijk and Restifo proposed that because melanosomes are known to be related
biochemically and developmentally to endosome and lysosome lineages that this allows
loading of melanocyte differentiation antigens onto MHC class |1 through intersection of
protein transport vesicles. This may result in more efficient activation of antigen specific
CD4" ‘helper’ T cells that may subsequently aid in the activation of more effective or
“helped” CD8* T cells (Overwijk and Restifo, 2000). The help provided by CD4* T cells
during the priming of CD8* T cells is essential for development of immune memory and for
clonal secondary expansion of CD8" T cells. Without this help, these CD8* T cells will
undergo death mediated by TNF-related apoptosis-inducing ligand (TRAIL) (Janssen et al.,
2005).

This melanosomal biology may confer some of the unique immunogenicity of melanoma.
CDA4* T cell responses may be of particular importance in the setting of melanoma, as these
tumors often express MHC class 11 on their surface, like APC, and unlike normal
melanocytes, melanocytic nevi and most other tumor types. Expression of MHC class 1l by
melanoma is associated with poor prognosis and higher metastatic dissemination. This
indicates that the MHC class Il does not serve to promote the type of CD4* T cell help that
supports protective anti-tumor immunity. It had recently been demonstrated that lymphocyte
activation gene-3 (LAG-3), which is a ligand for MHC class Il expressed on tumor
infiltrating lymphocytes, plays a role in melanoma survival through protection of the tumor
from FAS-mediated and drug induced apoptosis (Hemon et al., 2011).

Melanoma commonly over expresses several melanocyte lineage antigens, including
Tyrosinase, TRP-1, TRP-2, gp100 and MART-1. They are highly expressed in most
melanomas regardless of tumor stage (Barrow et al., 2006). Both MART-1 and gp100 are
regulated by the transcription factor MITF (microphthalmia associated transcription factor),
hence they are commonly over-expressed together (Du et al., 2003). MITF appears to be
critical for the development of the melanocyte cell lineage (Hodgkinson et al., 1993).
Several other genes have been identified as important in melanocyte development such as c-
kit, snail/slug, sox10 and endothelins (Bandarchi et al., 2013). The role of MITF, c-kit,
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MART-1, HMB-45 and bcl-2 as biomarkers of melanocytic tumor progression was
investigated through tissue microarray (Nazarian et al., 2010).

Melanoma has traditionally been described as an “immunogenic tumor”, one that the
immune system is able to recognize. These tumors are often infiltrated by high levels of T
lymphocytes unlike tumors derived from other tissues (Goff et al., 2010). A cytotoxic T cell
response against “self” antigens like MART-1 and gp100, could cause destruction of normal
melanocytes expressing normal levels of these proteins, as well (Irvine et al., 2002). Such
spontaneous immunity is clinically evident as depigmentation either within a melanocytic
lesion (regression), around melanocytic nevi (halo nevi) or in a distant site (melanoma-
associated depigmentation) (Fig. 1).

Melanoma regression

Melanoma regression is a common manifestation, with variable histologic regression found
in 10-35% of primary melanomas (Blessing and McLaren, 1992). Complete regression is
rare, with approximately 40 total cases reported in the literature (High et al., 2005), all but
one in metastatic patients. There is a single report of biopsy proven superficial spreading
melanoma (Breslow thickness, 0.7mm) in which the patient refused treatment. Clinical
follow up documented the gradual regression of the primary tumor until complete regression
was observed approximately 4 years after initial diagnosis, with no evidence of systemic
disease (Menzies and McCarthy, 1997). The prevalence of complete regression without
metastases is unknown as it would not come to medical attention. Melanoma of unknown
origin may represent fully regressed primary tumors. Bories et al examined 7 patients with
lymph node metastatic melanoma with unknown primary lesion, in all patients a regressed
melanoma was found through dermoscopy followed by biopsy (Bories et al., 2008).

In the process of regression, fibrous stroma progressively replaces the dermal portion of the
tumor. Clinical signs of regression include areas of tumor depigmentation with a white, red,
blue or gray color (Requena et al., 2009). Completely regressed tumors may have variable
clinical presentation: depigmented, scar like to pink-white, blue, brown or black macules
and papules. In darker regressed lesions, melanophages (macrophages which have taken up
melanin) and pigmentary incontinence was found, but no melanoma cells (High et al., 2005).

Histologically, primary melanoma regression is identified as a delicate area of fibrosis of
papillary dermis. There is an increased number of dilated endothelium lined vascular spaces
in the region. Within this area, there are no viable melanoma cells present, instead there are
variable numbers of lymphocytes and melanophages (Figure 1D, E). Melanoma may be
present in adjacent epidermis or one or both sides of the fibrosed papillary dermis in tumors
with partial regression. Complete regression can be identified histologically by presence of
large aggregates of melanophages within the papillary and reticular dermis and associated
fibrosis. Usually there is a flattening of the overlying epidermis with loss of rete pegs. In the
vertical growth, phase one may see evidence of partial regression such as abundance of
melanophages mingled with viable tumor cells.

The prognostic significance of melanoma regression is a subject of debate (Requena et al.,
2009). It is considered by most to be associated with a poor prognosis, as the melanoma may
have had a prior deeper invasive component (Olah et al., 2003), and the immunologic partial
elimination of the tumor may have selected for more aggressive melanoma clones. Several
studies (Fontaine et al., 2003, Morris et al., 2008, Kaur et al., 2008) examined sentinel
lymph node involvement in patients with melanoma regression and did not find it to be
related to a higher rate of lymph node metastases; others (Olah et al., 2003, Guitart et al.,
2002) found the opposite. These differences may be attributed to the inconsistent
histopathologic definition of regression and varying thickness of the melanomas examined.
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Nodal metastases in thin melanomas may imply that metastases might have occurred prior to
regression (Rao et al., 2010).

Regression of melanoma has been attributed to immunologic mechanisms, with observation
of an inflammatory reaction at the initial stages of regression involving a lymphocytic
infiltrate composed predominantly of CD4* T cells. Several pro-fibrotic cytokines were
found in primary melanoma and regressed melanoma (IL-6, PDGF, TFG-Beta, bFGF) which
partially explain the fibrosis observed in the late stage of regression (Moretti et al., 2007).

Halo Nevus

Halo nevus (also known as Sutton’s nevus) is a benign melanocytic nevus surrounded by a
symmetrical, well demarcated, rim (halo) of hypopigmentation or depigmentation, usually
affecting individuals under the age of 20 years with no predilection to gender or race
(Bolognia et al., 2009). Halo nevi are located mostly on the trunk, particularly the upper
back, and may persist for over a decade. The central nevus may partially or completely
regress and associated halo may persist or repigment (Aouthmany et al., 2012).

Histologically, the nevus may be junctional, compound or dermal, with small lymphocytes
surrounding or permeating the dermal component and sometimes even the junctional
melanocytic cells. The nevus cells may become vacuolated, have pyknotic nuclei or their
morphology may be obscured by the dense lymphocytic infiltrate (Figure 1F). In typical
cases of halo nevi there is a denser lymphocytic infiltrate compared to regressing melanoma.

The lymphocytic infiltrate of halo nevus is composed predominantly of CD8* T cells (Zeff
etal., 1997, Moretti et al., 2007). CD4™ T cells also play a part as they support both
cytotoxic T lymphocytes and B cells (Zeff et al., 1997). The role of a humoral response was
suggested by Lewis and Copeman, when antibodies thought to be specific against malignant
melanoma were found in patients with halo nevi. After surgical removal of the halo nevus or
spontaneous resolution with repigmentation of halo, these antibodies could not be found
(Lewis and Copeman, 1972). No correlation was found between the appearance of
circulating antibodies and the regression of the central nevus, suggesting that antibody
production was secondary to nevus cell destruction by cytotoxic T lymphocytes.

The peripheral white halo has little or no lymphocytic infiltrate. Two suggested mechanisms
for the development of the halo are: 1. Inflammatory cytokines released, spreading to
adjacent melanocytes, or 2. T-cell immune response directed not only to the antigens of the
nevus melanocytes but also to adjacent epidermal melanocytes that express the same
antigens. The diameter of the halo is correlated to the size of the central nevus, the larger the
nevus, the larger the halo (Rongioletti et al., 2011).

The appearance of a halo may also be seen around melanoma, congenital nevi, spitz nevi
and other dermatologic conditions such as dermatofibroma (Rubegni et al., 2009, Kolm et
al., 2006). On the other hand, regression of nevi may occur without a surrounding halo
(Speeckaert et al., 2011).

Regression of the central nevus is not associated with fibrosis, in contrast to the regression
of melanoma. Morreti and colleagues found that the antifibrotic tumor necrosis factor
(TNF)-a was expressed in higher levels in halo nevi compared to melanoma. They did
however also find the profibrotic growth factor basic fibroblast growth factor (bFGF) in halo
nevi, thus the cytokine environment does not completely explain this difference (Moretti et
al., 2007).
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Clinically, there is an association between halo nevi and melanoma, as multiple halo nevi in
older adults may be a sign for melanoma (Bolognia et al., 2009). Halo nevi are also
associated with vitiligo and a vitiligo-like phenomenon. Approximately 20% of individuals
with halo nevi have vitiligo. Patients with multiple halo-nevi may have vitiligo-like lesions
that were classified by van Geel and colleagues as halo nevi associated leukoderma. These
lesions are distinct from generalized vitiligo as the patients are younger, with less associated
autoimmune diseases. The lesions are asymmetric, without clear demarcation, limited in size
and do not progress as vitiligo lesions do (van Geel et al., 2012). Musette et al found local
expansion of limited subsets of oligoclonal T cells infiltrating halo nevi, but absent in the
circulation (Musette et al., 1999). Melanoma with a halo around it has been reported. The
halo of melanoma is more irregular than that seen in halo nevus and the patients are usually
older.

Melanoma-associated Depigmentation

The appearance of white patches in melanoma patients had received much attention in past
years. This phenomenon was most commonly referred to as vitiligo or melanoma-associated
vitiligo (Ram and Shoenfeld, 2007, Hartmann et al., 2008, Nordlund et al., 1983). Vitiligo is
a depigmenting skin disorder with varying clinical presentations classified to non segmental
vitiligo (acrofacial, mucosal, generalized, universal or mixed) and segmental vitiligo. The
term “vitiligo” is used as an umbrella term for all non-segmental forms of vitiligo, yet
melanoma-associated depigmentation is not considered a subtype of vitligo by recent
international consensus group (Ezzedine et al., 2012). This vitiligo-like phenomenon in
melanoma patients will be referred to in this review as melanoma-associated
depigmentation.

Hartmann and colleagues compared vitiligo and melanoma-associated depigmentaion
patients and found that vitiligo occurs at a younger age (27.6+16.5 years and 56.4+10.8
respectively), with more women affected in the vitiligo group (77%) compared to
melanoma-associated depigmentation (~50%). Similar data regarding age and gender of
melanoma-associated depigmentation patients was reported by Quaglino and colleagues
(Quaglino et al., 2009). Vitiligo patients had a family history of vitiligo more often,
associated autoimmune diseases and anti thyroid antibodies (Hartmann et al., 2008).
Melanoma-associated depigmentation patients have more immune-mediated diseases
(Quaglino et al., 2009). Most melanoma-associated depigmentation patients examined had a
bilateral symmetric pattern corresponding to vitiligo vulgaris while a few had unilateral
asymmetric or focal hypopigmentation with none having acrofacial pattern of vitiligo. No
correlation was found between the distribution of leukoderma and the location of the
primary tumor. Acquired leukodermas (hypopigmented scars, halo nevi) were found more
commonly in melanoma-associated depigmentation patients. No histologic or
immunohistologic differences were found between the two groups, in the clinically
hypopigmented areas melanin and MART-1 positive melanocytes were markedly reduced or
absent, with no differences in the numbers of intra-epidermal CD1-positive DC. At the
transition to normally pigmented skin in many patients there was a sparse lymphohistiocytic
infiltrate with predominantly CD4 positive T-cells (Hartmann et al., 2008).

Melanoma-associated depigmentation occurs in 2-16% of melanoma patients (Hartmann et
al., 2008) and more commonly following treatment (Rosenberg and White, 1996). Most
patients will have melanoma-associated depigmentation within a few years of diagnosis. In
some, depigmented vitiligo-like lesions may appear many years prior to the diagnosis of
melanoma, in which case the patients are younger (median age 38) with a more generalized
distribution of lesions (Hartmann et al., 2008, Schallreuter et al., 1991, Quaglino et al.,
2009). No survival differences were found in association with the onset time of melanoma-
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associated depigmentation (before diagnosis of melanoma or after) (Quaglino et al., 2009).
The lesions may appear on the trunk or near the primary tumor or metastases and then
spread centrifugally (Nordlund et al., 1983). Other reports did not find an association
between the location of lesions and the primary tumor, and found the leukoderma to spread
centripetally (Hartmann et al., 2008).

Melanoma-associated depigmentation portends a favorable prognostic factor in melanoma
patients with significantly enhanced 5-year survival (Nordlund et al., 1983, Bystryn et al.,
1987, Quaglino et al., 2010). Development of melanoma-associated depigmentation after
immunotherapy has also been correlated with improved survival, as did appearance of other
autoimmune manifestations (Rosenberg and White, 1996, Gogas et al., 2006, Boasberg et
al., 2006).

Treatment of metastatic melanoma patients and metastatic renal cell cancer with high-dose
IL-2 resulted in melanoma-associated depigmentation in approximately 20% of responding
melanoma patients (Rosenberg and White, 1996). The relation between melanoma-
associated depigmentation and melanoma regression was highly significant (p=0.0002). All
patients with melanoma-associated depigmentation experienced at least partial tumor
regression. None of the renal cell cancer patients treated developed any depigmented
vitiligo-like lesions, likely due to the lack of cross-reactive antigens. Specific induction of
immunity to melanosomal antigens via vaccination with DC transduced by Adenovirus
encoding gp100 and/or MART-1 or with DC pulsed with MART-1,7_35 peptide (Butterfield
et al., 2008, Butterfield et al.,2003, Haluska et al., 2000, Ribas et al., 2004, Tsao et al., 2002)
had also resulted in leukoderma and melanoma-associated depigmentation.

Other immune based therapies reported to induce melanoma-associated depigmentation are
interferon alpha (Yang et al., 2010) anti PD-1, ipilimumab, IL-2+GM-CSF (Boasberg et al.,
2006, Quaglino et al., 2009) and radiotherapy (Teulings et al., 2013) (Figure 2). Adoptive
lymphocyte transfer of highly selected tumor-reactive differentiation antigens resulted in
regression of tumor in metastatic patients as well as appearance of melanoma-associated
depigmentation in 3 of 13 patients (Dudley et al., 2002). In one melanoma patient, tumor-
infiltrating lymphocytes had the same T cell receptor as depigmented peritumoral skin
(Becker et al., 1999). Both overexpression of melanocyte antigens in tumor cells or the
therapy-induced inflammatory reaction are possible mechanisms for breaking immunologic
tolerance to these self antigens (Rosenberg and White, 1996) (Figure 2).

Discussion

The immune response elicited against melanocyte differentiation antigens links melanoma
and its associated leukodermas. The field continues to decipher what makes one immune
response to melanoma clinically effective and others not. A locally effective immune
response against melanoma resulting in partial or complete regression of the tumor, as well
as the improved survival in those with melanoma-associated depigmentation supports the
role of immunotherapy in melanoma treatment. New immunologic therapies, targeting
“immune checkpoints”, such as anti CTLA-4 and anti-PD-L1/PD-1 are coming into play,
enhancing anti-tumor immunity and overcoming tumor induced immune suppression
(Topalian et al., 2012, Brahmer et al., 2012, Hodi et al., 2010). Recent attempts to combine
anti-CTLA4 and anti-PD-1 in patients with advanced melanoma showed rapid tumor
regression in a substantial proportion of patients (Wolchok et al., 2013).

Primary melanoma regression, halo nevi and melanoma-associated depigmentation are
distinct in pathogenesis, cytokine profile and prognostic outcome. The difference in
prognoasis likely results from different mechanisms as different types of pigment cells are
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destroyed (normal or malignant melanocytes and normal or atypical nevus cells) (Hann and
Nordlund, 2000). The clinical association between melanoma and associated leukodermas is
a two way street, on the one hand it may provide prognostic information or indicate response
to treatment of a known melanoma patient, or may serve as a flag to the general dermatology
patient appearing with several halo nevi (and being older than 40 years old), or the newly
diagnosed vitiligo patient who may have an atypical distribution of lesions or other
associated leukodermas (hypopigmented scars, halo nevi) and without family history of
vitiligo. This may serve as a marker that would prompt a thorough complete body
examination in search of suspected melanocytic lesions. Since melanoma-associated
depigmentation may occur years before diagnosis of melanoma, regular total body
examination follow-up is recommended.

Patients presenting with melanoma metastases with an unknown primary lesion should also
be carefully evaluated for depigmented lesions or scars that may account for the regression
of the primary lesion. Wood’s lamp examination may assist in identifying subtle
hypopigmentation. Careful, detailed skin examination with the aid of a dermatoscope, with
emphasis of the metastatic lymph node draining areas may yield further diagnoses of
regressed melanoma.

It is important to understand why only a small fraction of the tumors undergo complete
regression and what are the initiating events to this process. It is unknown how many cases
of melanoma have true complete regression without any residual disease. It is possible that
the immune system is activated once the tumor cells invade the lymph nodes, explaining the
higher lymph node involvement in regressed tumors as well as the systemic involvement
despite immunologic recognition. Observations of immunity spreading from one antigen to
another in a tissue, seen in autoimmunity, is also seen in a series of clinical responding
patients in cancer immunotherapy clinical trials, suggested that this process may be a critical
parameter (Disis, 2011). Understanding the immunology behind tumor regression as well as
the causes for the immune system’s failure to completely reject the tumor may be an
important step in the development of new therapeutic approaches.

Insight into the mechanisms leading to spontaneous immune response against common
melanocytic antigens is important in the ongoing efforts to develop effective
immunotherapies for malignant melanoma as well as the understanding and treatment of
pigmentation disorders.
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Figure 1.

Photographic examples of melanoma and vitiligo. A: Halo nevus clinical photograph,
showing a central nevus and surrounding depigmentation. Photograph courtesy of Dr. Oleg
Akilov. B: Primary melanoma regression. Photograph courtesy of Dr. Larisa Geskin. C:
Melanoma associated vitiligo, in a melanoma patient post treatment with ipilimumab (anti-
CTLAA4). Vitiligo appeared on the lateral aspects of arms, with poliosis. Photograph courtesy
of Dr. John M. Kirkwood. D, E: Photomicrographs of primary melanoma regression; D.
Dense band like lymphocytic infiltrate (arrow) and fibroplasia (lower bracket) of papillary
dermis (upper bracket) seen focally (thick bar upper right denotes 0.5 mm); E. Late stage of
regression reveals dermal fibrosis (bracket), vascular ectasia (two arrows) and sprinkling of
lymphocytes and melanophages (circle). F: Photomicrograph of regressed nevus
demonstrates residual junctional melanocytes with slight distortion of architecture, dense
lymphocytic infiltrates and few melanophages (circle) (thick bar upper right denotes 0.6
mm).
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Figure 2.

Overview of melanoma immunotherapy strategies and targets. Spontaneous immune
surveillance and therapeutic interventions such as vaccines, adoptive transfer and cytokines
can result in activation of CD8* and CD4* T cells. These T cells can recognize peptides
derived from melanocyte differentiation antigens like MART-1, cancer/testes antigens like
MAGE-A family members, or mutated antigens, presented in MHC class | and Il. Activated
T cells can produce “type 1” cytokines like IL-2 and IFNy, which support antitumor effects:
Melanoma tumors produce cytokines like IL-10 and TGFp which inhibit immunity, and also
upregulate PD-L1. Previously activated T cells upregulate CTLA-4 and PD-1, which can be
blocked by specific antibodies to further promote antitumor effects.
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