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1. Introduction

Malignant Melanoma is a highly aggressive, deadly, chemoresistant and difficult-to-treat
form of skin cancer (Flaherty and Gadgeel, 2002), which develops as a consequence of
multifactorial perturbations from a series of architectural and phenotypically distinct stages,
finally culminating into metastasis. It continues to increase in most western countries
amongst the white population, the incidence has been increasing yearly by 5-7% and the
prognosis for this metastatic disease remains poor (Greenlee et al.,, 2001). Melanoma
incidence is influenced by pigmentation of the population as well as geographical
parameters such as latitude and altitude (Armstrong and Kricker, 2001). According to
epidemiological and experimental studies, the major risk factor of melanoma is ultraviolet
radiation, which is associated with intermittent burning doses, especially during childhood
(Whiteman et al., 2001). Melanoma is usually diagnosed at an early stage and is amenable to
primary surgical treatment. However, it is sometimes characterized by an aggressive disease
course with widespread metastasis and poor prognosis, which does not respond to standard
therapy. Melanoma is largely refractory to current adjuvant therapies including
chemotherapy, radiation therapy and/or immunotherapy (Chin et al., 2006) and therefore
remains as a significant cause of mortality in Caucasians.

Immune responses are believed to have an important function in the natural history of
melanoma since tumor infiltrating lymphocytes (TILs) are commonly found in melanoma,
often associated with spontaneous regression and considered a favorable prognostic factor
in primary melanoma (Mackensen et al., 1994). Hence, melanoma is the most studied tumor
model in the field of human tumor immunology. NK cells represent a critical first line of
defense against malignant transformation. NK cells were identified in melanoma in the 80s
by Kornstein (Kornstein et al., 1987). Tumor immune surveillance allows recognition and
destruction of cancer (host-protective) but may also shape cancer immunogenicity (tumor-
promoting) through a ‘cancer immunoediting process’ due to selective pressure from the
immune system. We have shown evidence for an immunoediting process enabling
melanoma cells to escape from NK cell recognition (Lakshmikanth et al., 2009). In this
chapter, we have taken into consideration the work accomplished by many investigators in
trying to understand the immunology of melanoma and to identify various treatment
strategies. The immune system basically has two main possibilities for dealing with
malignant tissue which are Antigen (Ag)-specific CTLs and Ag-non-specific immune

www.intechopen.com



134 Melanoma in the Clinic — Diagnosis, Management and Complications of Malignancy

response by NK cells. We here put forth current perspectives on therapeutical strategies
used against melanoma with specific focus on NK cells and provide insights into new
opportunities for NK cell-based immunotherapy of melanoma disease.

2. NK cells and their role in melanoma

NK cells comprise approximately 10-15% of peripheral blood lymphocytes in human and
are known to kill transformed cells and produce cytokines critical to the innate immune
response (Cooper et al., 2001). NK cells are found in peripheral tissues, including the liver,
peritoneal cavity and placenta. Resting NK cells circulate in the blood, but following
activation by cytokines, they are capable of extravasation and infiltration into most tissues
that contain pathogen-infected or malignant cells (Morris and Ley, 2004). NK cells were
originally described based on their ability to lyse certain tumors in the absence of prior
stimulation (Herberman et al., 1975; Kiessling et al., 1975a). NK cells may play a role in
antitumor surveillance (Kiessling et al., 1975b), in vivo rejection of tumor cells (Porgador et
al., 1995) and prevention of tumor metastases (Taniguchi et al., 1985). Much knowledge has
been acquired with respect to origin, differentiation, receptor repertoire and effector
functions of NK cells, as well as to their ability to shape adaptive immune responses
(Colucci et al., 2003). NK cells induce target cell lysis and apoptosis in a cell-contact-
dependent manner through release of cytotoxic granules containing perforin and granzymes
(Trapani et al., 2000), and/or ligands engaging death receptors on the target cell, such as Fas
or TRAIL-R (Lieberman, 2003). In addition, NK cells can secrete a number of effector
cytokines such as interferon-y (IFN-y) which play critical roles in antiviral defense as well as
in tumor surveillance (Biron et al., 1999; Street et al., 2001), tumor necrosis factor-a (TNF-a),
granulocyte-macrophage colony stimulating factor (GM-CSF), Interleukin (IL)-5, IL-10 and
IL-13, all of which influence adaptive immune responses (Loza et al., 2002). NK cells
respond to a variety of cytokines, such as IL-2 (Talmadge et al., 1987), IL-12 (Trinchieri,
1998), IL-15 and Type I IFNs (o and B) (Santoni et al., 1985), which increase their cytolytic,
secretory, proliferative and antitumor functions. NK cells express a variety of adhesion
molecules like integrins, selectins (Morris and Ley, 2004), and immunoglobulin (Ig)
superfamily molecules like DNAM-1 (CD226) (Shibuya et al., 1996), aiding migration to
peripheral tissues (Colucci et al., 2003), and infiltration of tumors (Fogler et al., 1996).
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Fig. 1. A schematic figure showing interaction of a human NK cell with a tumor target by
ligation of NK cell activating receptors and inhibitory receptors with corresponding ligands
on the targets. Activating receptors include NCRs, NKG2D or DNAM-1. Inhibitory receptors
are KIRs and CD9%4/NKG2A.
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2.1 NK cell recognition

NK cells utilize several parallel recognition mechanisms to distinguish and eliminate
aberrant cells (Karre, 1991; Lanier, 2005). Recognition is based on an array of activating and
inhibitory receptors. Activating receptors often bind to cognate ligands that are up-
regulated on “stressed’ cells (e.g. tumor or virus-infected cells), while the major inhibitory
receptors bind to MHC class I molecules which may be down-regulated on tumors and
virus-infected cells, referred to as ‘missing-self’ recognition (Fig 1) (Ljunggren and Karre,
1990).

Activating NK receptors mainly involved in tumor cell lysis are represented by the Fcy-
receptor, CD16 (Lanier, 2005), the NKp46, NKp30, and NKp44 (collectively called natural
cytotoxicity receptors; NCRs), all belonging to the Ig superfamily (Moretta et al., 2001).
There is limited information on the ligands for NCRs with the exception of B7-H6 ligand
recognized by NKp30 (Pogge von Strandmann et al., 2007). In addition, C-type lectin-like
receptors like NKG2D are expressed by NK cells as well as CTLs. NKG2D recognizes the
stress inducible MICA /B and ULBP proteins (Lanier, 2005). DNAM-1 is expressed by NK
cells, partially expressed by T lymphocytes and monocytes and recognizes PVR (CD155)
and Nectin-2 (CD112) (Bottino et al., 2003). The activating receptors have a short
cytoplasmic tail without signaling motifs and associate with adaptor proteins via charged
amino acids in their transmembrane domains. Adaptor proteins contain the immune
receptor tyrosine-based activation motifs (ITAMs), which get phosphorylated upon receptor
engagement and recruit tyrosine kinases, leading to activation of lymphocytes. Synergy
between different activating receptors is important in activation of naive NK cells by target
cells. Engagement of specific combinations of receptors govern the degree of activity but
also dictates qualitatively distinct events, such as target cell adhesion, granule polarization
and NK cell degranulation (Bryceson et al.,, 2005). A large number of adhesion and
costimulatory molecules such as CD2, CD7, CD161, CD59, NTB-A, CD62L, NKp80, and
LFA-1 also play an important role in fine tuning the NK cell activity (Lanier, 2005).
Inhibitory NK receptors ligate major histocompatibility (MHC) molecules to modulate the
immune response. Human NK cell inhibitory receptors that recognize antigens encoded by
the HLA-A, -B, -C loci are members of the Ig superfamily and termed Killer
immunoglobulin-like receptors (KIRs) (Long, 1999). Other receptor families include natural
killer group 2 (NKG2) which are C-type lectins that heterodimerize with CD9%4 and
recognize non-classical HLA-E molecules. Engagement of inhibitory receptors can turn an
NK cell off via intracellular signaling mediated through phosphorylation of
immunoreceptor tyrosine-based inhibitory motifs (ITIMs) in their cytoplasmic tail (Lanier,
2005). In contrast, the absence or incomplete expression of host MHC class I molecules will
result in lack of inhibition and render a cell susceptible to NK cell attack (Ljunggren and
Karre, 1990).

NK cell response thus depends on the net effect of activating and inhibitory receptors and is
regulated through a balance between positive and negative signals. NK-mediated killing can
occur if the target cell expresses appropriate activating ligands and/or lacks inhibitory
ligands (Lanier, 2005). Stimulation is initiated through a combination of signals from
multiple receptor/ligand interactions, which initiates several signaling cascades, resulting in
cytokine secretion and release of cytolytic granules (Davis and Dustin, 2004).

2.2 NK cells in melanoma
Melanoma is the most studied tumor model in tumor immunology since it responds to
various immunotherapeutic approaches and displays spontaneous regressions (Lotze et al.,
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1992). Immunotherapy treatment-related skin depigmentation is considered a favorable
prognostic sign during melanoma intervention. NK cells were identified as important
effectors in the host defense against melanoma in the 80s (Trinchieri and Perussia, 1984).
Experiments demonstrated that loss of HLA-I expression in melanoma cell lines,
accompanied by escape from autologous CTLs, sensitized targets for NK cell attack
(Pandolfi et al., 1991). NK cells, being present in the skin and able to sense stress-induced
ligands on premalignant cells, may be important early before clinically detectable
malignancy arises (Luci et al.,, 2009). NK cells could thus orchestrate a response in the
microenvironment before overt tumor transformation (Strid et al., 2008). Some studies have
reported that NK cells were less represented in TILs (Lakshmikanth et al., 2009; Vetter et al.,
2002) while others have reported frequent NK cells in malignant melanoma specimens
(Becker et al.,, 2000; Kornstein et al., 1987). NK cells play a critical role in tumor
immunosurveillance (Smyth et al., 2002). A role for NK cells in the control of hematogenous
dissemination and growth of melanoma metastases was observed by Kornstein (Kornstein
et al, 1987). Animal models have demonstrated a critical role in preventing the
establishment of metastatic disease dependent on IFN-y and perforin (Kim et al., 2011;
Markovic and Murasko, 1991). The involvement of NK cells in antitumor immunity in vivo
was demonstrated in several mouse tumor models using NK cell-depleting antibodies and
genetically modified mutant mice (Diefenbach et al., 2001; Shankaran et al., 2001; Smyth et
al., 2002). Using the B16 murine melanoma model, NK cells were shown to be major
mediators of the natural control of both spontaneous and experimental metastatic
dissemination (Markovic and Murasko, 1990). Defects in NK activity in patients with
metastatic disease have been described (Muller et al., 1989), however, there is no correlation
between NK activity and prognosis in melanoma patients (Hersey et al., 1980). Some studies
have shown a decrease in NK cell activity of all melanoma patients, associated with
advancing stage of melanoma disease (Sibbitt et al., 1984) and due to IL-10 and TGF- (Jovic
et al., 2001).

To date, little substantial information exists on the ability of autologous NK cells to kill
melanoma tumors. One study shows efficient autologous NK-mediated lysis of HLA class I
negative melanoma cells in patients undergoing specific T cell-therapy (Porgador et al,,
1997). The susceptibility of melanoma cells obtained from patients to autologous NK cells
and the role of activating/inhibitory receptors were comprehensively analyzed in one study
(Carrega et al., 2009). However, there are no reports on autologous NK lines as a potential
tool for treatment of melanoma patients. As loss of MHC class I expression renders tumor
cells more sensitive to NK cell killing, it may be associated with improved prognosis in
melanoma (Porgador et al., 1997). There is evidence for susceptibility of melanoma cells to
NK-mediated lysis due to insufficient amounts of HLA class I molecules (Pende et al., 1998).
Some of our recent work points towards strategies for NK cell-based immunotherapy. These
will be explained more in detail in a later section. First, in the B16-F10 mouse melanoma
model, blockade of mouse NK cell inhibitory NK receptors (Ly49), mimicking a ‘missing
self’” phenotype, in combination with IL-2 treatment significantly delayed outgrowth of
established sub-cutaneous tumors in an NK cell-dependent manner (Vahlne et al., 2010).
Second, syngeneic mouse NK cells, autologous human NK cells, and allogeneic NK cells
from healthy donors were shown to have the intrinsic capacity to recognize and target
melanoma cells. Further, autologous and allogeneic NK cells preferentially targeted lymph
node (LN) melanoma metastases over metastases from skin, pleura and liver. The NCRs and
DNAM-1 emerged as key receptors in directing the NK anti-melanoma cytotoxicity
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(Lakshmikanth et al., 2009). These results have implications in patients with melanoma for
the design of immunotherapeutic strategies.

A major part of melanoma patients are of old age. It is therefore important to consider age-
dependent changes in the immune system in relation to immunotherapy of melanoma. With
increasing age, the number of NK cells seems to increase. However, the killing activity of
naive NK cells was decreased in some studies, but could sometimes be fully restored by IL-2
activation (Le Garff-Tavernier et al., 2010). NK cells from older donors may, however,
require higher concentrations of IFN-a for activation (Burns and Leventhal, 2000).

3. Receptor-ligand interactions involved in NK cell recognition of melanoma

Lack of inhibition and recognition of activating structures on target cells are the key events
to prime NK cell-mediated cytotoxicity and cytokine production (Bryceson et al., 2006).
Therefore, integration of signals derived from multiple activating and inhibitory receptors
regulates the NK recognition of tumors but the relative importance of different receptors
varies between different cancerous situations (Farag and Caligiuri, 2006). The main
activating NK cell receptors as described in section 2.1 are NCRs, NKG2D and DNAM-1.
Signaling through these receptors has been shown to be important in NK recognition of
melanoma that expresses ligands for these activating receptors (Lakshmikanth et al., 2009;
Solana et al., 2007). The importance of ligands for the NCRs has been demonstrated by use
of blocking monoclonal antibodies in vitro in several studies (Pende et al., 1999). Results
from blockade of two or more NCRs indicate that multiple NCRs are involved in NK
recognition of melanoma (Lakshmikanth et al., 2009; Pende et al., 1999). The importance of
NCR in disease progression in vivo has been demonstrated in NKp46-deficient mice, which
developed more lung colonies than wild type mice, when melanoma cells were transferred
intravenously (Lakshmikanth et al., 2009). NK cells along with CD8* and y&T cells express
NKG2D (Hayakawa and Smyth, 2006). The role of NKG2D in NK recognition of melanoma
cells has been demonstrated, as well as a correlation between NKG2D function and
expression of ligands on melanoma cells (Pende et al., 2002). Recent observations show that
the ligands, MICA /B, may be downregulated in metastatic lesions (Vetter et al., 2002), but
there are contrasting data (Markel et al., 2009), as well as data showing heterogeneity in
NKG2D ligand expression (Lakshmikanth et al, 2009). It is therefore important to
understand if NKG2D ligand expression changes with disease progression. The DNAM-1
receptor is important in recognition of freshly isolated cells from melanoma by NK cells. In
vivo interference of DNAM-1 by antibody-mediated blockade or genetic ablation
compromises rejection of melanoma cells in transplanted mice (Gilfillan et al., 2008;
Lakshmikanth et al., 2009). PVR and Nectin-2 ligands were recently shown to bind also to T
cell immunoglobulin and ITIM domain (TIGIT), a recently identified inhibitory receptor that
counteracts the activating effects of DNAM-1 (Yu et al., 2009). Potential modulation of
DNAM-1 ligands during melanoma disease progression requires further investigation. The
relative roles of NCRs, NKG2D or DNAM-1 in NK cell recognition will vary depending on
the expression of relevant ligands on tumors. Effective lysis is often seen when DNAM-1 is
triggered in concert with other activation receptors, typically NCRs and/or NKG2D
(Bryceson et al., 2006; Pende et al., 2001). Synergistic effects between different receptors have
been demonstrated in melanoma (Carrega et al., 2009; Casado et al., 2009; Lakshmikanth et
al., 2009) showing that in the absence of ligands for a particular receptor, other receptors
would synergize for the complete eradication of the tumor. Similar findings were reported
for suppression of poorly immunogenic melanoma metastases (Chan et al., 2010).
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Melanoma cells also express death receptors that bind to ligands belonging to the Tumor
necrosis factor (TNF) family: TNF-a, FAS ligand (FASL), TNF-related apoptosis-inducing
ligand (TRAIL) and TNF-weak inducer of apoptosis (TWEAK) expressed on lymphocytes.
Interaction with ligands on lymphocytes results in activation of the caspase pathway and
apoptosis. This kind of ligand-receptor mechanism has been shown to be important in
tumor recognition in vivo (Smyth et al., 2002).

4. Immunosurveillance of melanoma and cancer metastasis

Most patients with solid tumors die due to metastatic spread of the disease. Metastatic cells
have a highly unstable phenotype and can rapidly adapt to selective pressure, allowing the
cells to survive even under the most unfavorable circumstances (Meier et al., 1998). We have
recently shown that melanoma metastases obtained from different anatomical sites of
human melanoma patients display differential susceptibilities to NK cell lysis in relation to
their phenotypic expression profile. Tumor metastasis of cutaneous melanoma is a stepwise
process; where the tumor cells first colonize the lymph nodes, then enter the systemic
circulation and reach remote tissues like skin, brain, lungs or liver. During the local invasion
and metastatic spread of melanoma, invasive characteristics appear. Tumor cells then
dissociate from the primary lesion, migrate through the surrounding stroma, and invade
blood vessels and lymphatics (Haass et al., 2005). Most cancers spread early through the
lymphatic vessels to lymph nodes, which can be a source of further metastases through the
blood stream to the viscera, where development of secondary tumors can affect vital
functions and cause death (Cochran et al., 2006). Tumors may even influence immune cells
in adjacent lymph nodes. Significant differences were shown in lymphocyte subpopulations
between different lymph nodes of patients with melanoma, with a marked decrease in the
number of CD4+ T helper (Th) and an increase in the number of CD56+ NK cells, which
correlated with the clinical stage of melanoma, distance of the node from the primary tumor
and the tumor status of the node (Farzad et al., 1990). There are also reports on reduced
lymphocyte activity as well as immune inhibitory activity from cells in lymph nodes close to
tumors (Wen et al., 1989). This may facilitate the establishment and expansive growth of
metastatic tumors in lymph nodes (Cochran et al., 2001).

4.1 Mechanisms of tumor escape from Immune surveillance

Downregulation of MHC class I molecules to escape CTL recognition is a process well
known to occur in solid tumors during metastatic progression (Marincola et al., 2000). This
can remarkably sensitize tumor cells to NK-mediated lysis (Ferrone and Marincola, 1995).
However, owing to the selective pressure posed by NK cells, tumors have evolved various
mechanisms by which they can evade NK cell attack. These mechanisms include
interference with NK cell activation or adhesion, induced inhibition as well as modulation of
NK cell function.

Modulation of recognition via activating receptors

The MICA/B proteins are recognized by the activating receptor, NKG2D. Loss of MICA /B
proteins during uveal melanoma tumor progression has been shown to occur, suggesting an
immune selection of MIC-negative tumor variants with reduced NK sensitivity (Vetter et al.,
2004). There is evidence for strong immunoediting of tumors by NK cells. The phenomenon
has been well studied in receptor knock out mice for NKG2D (Guerra et al., 2008; Smyth et
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al., 2005) or DNAM-1 (Iguchi-Manaka et al., 2008) or NKp46 (Elboim et al., 2010). We have
recently shown evidence for this phenomenon in human melanoma patients (Lakshmikanth
et al., 2009). Several studies have also reported various alterations in expression of activating
receptors on NK cells from melanoma patients. Decreased expression of receptors like
CD161, NKG2D, CD16, NKp30 and NKp46 has been reported (Konjevic et al., 2007). There
are also reports on NK cell activity changes between stage I and II melanoma in lymph
nodes (Farzad et al., 1990; Hersey et al., 1980), suggesting the involvement of NK cells in the
early phase of melanoma development. Sustained exposure of NK cells to NKG2D ligands
on the target cell can strongly downregulate the NKG2D receptor as shown in vitro (Benitez
et al.,, 2011) and in vivo using ligand over-expressing transgenic mice (Oppenheim et al.,
2005; Wiemann et al., 2005). Furthermore, soluble forms of MICA/B can bind to NKG2D,
leading to receptor internalization and escape from NK cell recognition (Groh et al., 2002). A
similar phenomenon can occur when tumors overexpress PVR and release it as soluble
factor (Baury et al., 2003), which will bind to DNAM-1 and prevent its immune recognition.
This could be an effective immune escape mechanism for tumor cells to evade from NK cell
surveillance or cytokine-based immunotherapies.

Modulation of inhibition via NK cell receptors

NK cells and subsets of CTLs express inhibitory receptors specific for non-classical HLA
class Ib molecules with a restricted tissue distribution. Upregulation of HLA-G has been
reported in many types of cancer including melanoma, this negatively regulated NK cells
and conveyed evasion of NK recognition (Paul et al., 1998). CEACAM-1 (CD66a), a member
of the carcinoembryonic antigen family is a cell adhesion molecule, mediating homophilic
and heterophilic interations and which can act as an inhibitory NK cell receptor (Markel et
al., 2002). CD66a expression in primary tumors of melanoma patients is associated with and
can be an independent predictor for risk of metastasis (Thies et al., 2002). Melanoma cells
can evade attack from NK cells through CD66a interactions (Markel et al., 2002).

Modulation of costimulation, adhesion or susceptibility to apoptosis

A lack of expression of costimulatory molecules such as B7-1 (CD80), B7-2 (CD86), CD40
and CD70 by tumors hinders an optimal NK activation via CD28 and CD27 costimulatory
pathways (Carbone et al., 1997; Galea-Lauri et al., 1999) and may lead to T cell anergy
(Schwartz, 1990). The interaction between LFA-1 on NK cells and ICAM-1 (CD54) on tumor
cells is important for cell adhesion and killing. Surprisingly, low expression of ICAM-1 by
melanoma cells following immunotherapy lead to longer overall survival of patients
(Quereux et al., 2007). Shedding of ICAM-1 from melanoma cells has also been described
which results in masking of LFA-1 on effector cells (Haass et al., 2005). Melanoma cells can
sometimes evade immune recognition from CD8+ T cells and NK cells by developing
resistance to TRAIL- and granzyme-B-induced death pathways. In addition, lymphocytes
from advanced melanoma patients demonstrated lower expression of TRAIL (Nguyen et al.,
2000). Studies of melanoma patients have shown that there is a range of abnormalities that
have been selected to inhibit TRAIL-mediated apoptosis (Hersey and Zhang, 2001).

Modulation of NK cell function

Tumors can influence the nature and efficacy of the immune responses of the host in order
to escape immune surveillance. For example, induction of regulatory T cells (Tregs) or
myeloid suppressor cells and/or production of several immunosuppressive factors
including arginase-1, NOS-2, IDO, or TGF-B by tumor cells or components of the tumor
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microenvironment may result in functional subversion of tumor infiltrating
immunocompetent cells (Zitvogel et al., 2006). A recent study showed that tumor cells can
induce granzyme B expression in Tregs, which then utilizes this protease to induce the death
of NK and CD8+ T cells in a perforin-dependent fashion (Cao et al.,, 2007). Release of
prostaglandin E2 (PGEy) by fibroblasts isolated from metastatic melanoma patients have
been shown to interfere with induction of NK cell effector functions (Balsamo et al., 2009).

Immune surveillance of uveal melanoma

Uveal melanoma metastases were shown to frequently lose MHC class I molecules.
However, in contrast to cutaneous melanoma where MHC class I loss correlated with worse
survival, loss of MHC class I molecules in uveal melanoma lesions was associated with an
improved prognosis. This difference may be explained by that uveal melanoma spreads
hematogenously, and thereby immune surveillance may be mainly based on NK cells. In
contrast, cutaneous melanoma is first spread via lymph nodes resulting in predominant
exposure to T cells (Hanna, 1982; Jager et al., 2002). As noted above, uveal melanoma
metastases may escape NK cells via downmodulation of MICA/B proteins. In vitro and in
vivo studies of murine melanoma show evidence for NK cell killing of metastatic uveal
melanoma in the liver in an IL-2- and TGF-B-dependent manner (Ma and Niederkorn, 1995).
More details on uveal melanoma are discussed in other chapters of this book.

5. Inmunomodulatory agents used to enhance NK cell activity against
tumors

A convergence of information from the fields of molecular biology and cellular immunology
has opened new opportunities for immunomodulating agents to be tested in the clinic. We
here list some of the immunomodulating agents used to enhance NK cell activity against
cancer, tested in vitro and in vivo using cell lines and preclinical mouse models, and some of
which are in clinical trials (Fig 2). Other immunotherapeutic agents used against melanoma
have been reviewed in the next section.

5.1 Cytokines

Many different cytokines are being tested to enhance NK cell activity against tumors. The
role of IL-2, IFNs, IL-12, IL-15, IL-18 and IL-21 discretely or in combination with each other
or with other modulators has been tested in cancer immunotherapy. Combinations of
cytokines have been proposed to enhance NK cytolytic activity (Carson et al., 1994).

IL-2 comprises a cornerstone of systemic therapeutic modalities in disseminated melanoma
(Tsao et al., 2004). IL-2 has been used to generate in vitro Lymphokine Activated Killer
(LAK) cells, consisting of activated NK cells and T cells. Adoptive infusion of LAK cells is
reviewed in section 6.1. Clinical trials have assessed effects of low-dose IL-2 administration
on activation of NK cells in cancer patients. Whereas IL-2 significantly expanded the
circulating NK cells in vivo, cytotoxicity was increased to some extent, as determined by in
vitro assays (Miller et al., 1997). Infusion of IL-2-activated NK cell-enriched populations or
intravenous IL-2 infusions combined with subcutaneous IL-2 augmented in vivo NK cell
function but without consistent efficacy when compared with matched control cohorts (L. J.
Burns et al., 2003). Objective clinical benefits were observed only in 20% of patients treated
with IL-2, occasionally patients were cured. Immunocomplexing of cytokine and anti-
cytokine monoclonal antibody (mAb) prolongs half-life and can increase or modify cytokine
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activities in vivo. Treatment with IL-2 immunocomplexes, lead to suppression of B16 tumor
metastases in the lung (Jin et al., 2008). Hence, IL-2 immunocomplex treatment offers a novel
therapeutic strategy to enhance NK cell activities also in humans. However, there are dose-
limiting toxicities associated with IL-2, which have compromised its clinical use and other
cytokines with an improved therapeutic index are therefore needed.

IFNs are a group of cytokines mainly known for their antiviral effect. They have a wide
range of activities in modulating the immune system and have been reported effective in
mice against spontaneous as well as experimental metastases (IFN-a) (Brunda et al., 1984).
IFN-o enhances innate immune antitumor activity by inducing NK cell proliferation and
cytotoxicity (Konjevic et al.,, 2007) and induces a favorable Thl-response (Bremers and
Parmiani, 2000). IFN-a induces cytokines, perforin and FasL and mediates antitumor
activity via interferon response factor-1 (IRF-1) (Kroger et al., 2002). It also promotes an
increase in NKG2D and CD161 expression on NK cells in melanoma patients (Konjevic et al.,
2010). IFN-a is currently approved as adjuvant therapy in high-risk melanoma patients, to
eradicate micrometastases after surgical removal of the primary tumor and has
demonstrated improved disease free survival but with conflicting results regarding overall
survival (Ascierto and Kirkwood, 2008). Combination treatment with IFN-a and IL-2
induced expression of activating receptors on NK cells and was found to be clinically
beneficial in melanoma patients (Konjevic et al., 2010). Upregulation of MHC class I
expression is a major effect of IFN-y, which may induce resistance to NK cells. Data on the
effects of IFN-y on tumor cell killing by NK cells have however been conflicting (Routes,
1992). The current notion on IFN-y is that it can be pro-tumorigenic and anti-tumorigenic,
depending on the context, intensity and durability of the IFN-y signal (Zaidi et al., 2011). The
IFN “survival signature’ is one of the mechanisms to evade immunosurveillance. Therefore
IFN-y/IFN-y-R or their downstream pathway members represent potential prognostic
markers in melanoma.

IL-12 acts as an NK cell and T cell growth factor (Perussia et al., 1992), enhances cytolytic
activity of NK and LAK cells (Naume et al., 1992), and augments cytolytic T cell responses
(Gately et al., 1992). IL-12 has direct effects on lymphocytes and NK cells by enhancing IFN-
y production (Lamont and Adorini, 1996). In a mouse melanoma model, intratumoral
treatment with IL-12-encoding DNA resulted in NK cell-mediated significant regression in
melanoma tumor development (Heinzerling et al., 2002). NK cells co-injected with IL-2 and
IL-12 into SCID mice showed favorable antitumor effects (Hill et al., 1994). The interaction
between IL-2 and IL-12 was found to enhance NK cell spontaneous cytotoxicity against
tumor cells (Chehimi et al., 1992). In addition it stimulates NK cell cytokine production that
may induce antitumor activity from macrophages and neutrophils (Perussia et al., 1992).
The combination of IL-12 and Trastuzumab (Herceptin) in a mouse model led to tumor
regression mediated through NK cell IFN-y production (Jaime-Ramirez et al., 2011). HER?2 is
the target structure for the mAb Trastuzumab and its overexpression is associated with a
poor prognosis (Ross and Fletcher, 1998). IL-12 in combination with stimulation of the TNF
receptor superfamily member 4-1BB has been suggested to stimulate CD8+ T-cell responses
in a mouse melanoma model. Hence a synergy between IL-12 and anti-4-1BB induced
regression of established melanoma via NK and CD8+ T cells (Xu et al., 2004). Adenovirus-
vector-mediated delivery of IL-12 was shown to improve efficacy of adenovirus-vector-
mediated immunization with a melanoma antigen in a mouse B16 melanoma metastasis
model. The effects of this combined therapy depended on both T cell-mediated immunity
and NK cell-mediated cytotoxicity (Hirschowitz and Crystal, 1999).
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IL-15 is involved in development and maintenance of NK cells and binds partly to the same
receptor as IL-2 (Fehniger and Caligiuri, 2001). IL-15 overexpression in transgenic mice
enhanced antitumor immunity (Yajima et al., 2002). A pronounced synergy between IL-15
and IL-12 that exceeds the IL-2 and IL-15 combination has been reported (Seidel et al., 1998).
IL-15 is as efficacious as IL-2 but may have a superior therapeutic index (Munger et al.,
1995). Clinical trials of IL-15 are expected soon (Fewkes and Mackall, 2010).

IL-18 is similar to IL-12 in inducing IFN-y secretion from NK and T cells and augments NK
cytolytic activity (Okamura et al., 1995). Although IL-18 and IL-12 synergize in IFN-y
production, their receptors and signal-transduction pathways appear to be different (Kohno
et al., 1997). Evaluation of IL-18+IL-12 in a mouse melanoma model showed synergistic
antitumor effects that associated with markedly elevated IFN-y production but also had side
effects. The IL-18 effect was mediated by NK cells and CD4+ T cells, independent of IFN-y
and IL-12 (Osaki et al., 1998). A phase II study of IL-18 in patients with metastatic melanoma
has confirmed its safety but suggested limited efficacy of IL-18 monotherapy in this setting.
IL-18 may be of better use in combination with other immunostimulatory cytokines,
vaccines, or monoclonal antibodies (Srivastava et al., 2010).

IL-21 is produced by CD4+ T cells, have sequence homology to IL-2, IL-4, and IL-15 and
stimulate T and NK cells. Synergy between IL-21, FLT3 ligand and IL-15, promotes
expansion and differentiation of NK cells from the bone marrow and enhances their lytic
function against B16 melanoma targets in vitro (Parrish-Novak et al., 2000). Administration
of plasmid DNA encoding murine IL-21 significantly induced tumor killing by NK cells in
vivo without obvious toxicity and prolonged survival of s.c tumor bearing mice (G. Wang et
al., 2003). Clinical trials have been initiated, showing that IL-21 is well tolerated and
possesses antitumor effects when administered as a single agent to patients with malignant
melanoma and renal cell carcinoma. Future studies may combine IL-21 with vaccines and
adoptive cell therapies (Fewkes and Mackall, 2010).

5.2 Chemotherapeutic agents
This section will focus on chemotherapeutic agents with immunomodulatory function on

NK cells. The epidermal growth factor receptor (EGFR) pathway inhibitors, erlotinib and
gefitinib, induce NKG2D ligands on cancer cells and sensitize them to NK cell-mediated
killing as demonstrated in lung cancer (Kim et al., 2011). The small molecule multiple
protein kinase inhibitors, sorafenib and sunitinib, have been approved for treatment of
renal cell carcinoma. Sorafenib and sunitinib upregulate NKG2D ligands as observed on
nasopharyngeal carcinoma (Huang et al., 2011). Sorafenib also inhibits the shedding of
MICA on hepatocellular carcinoma (Kohga et al., 2010). The ubiquitin-proteasome
pathway inhibitor bortezomib was shown to sensitize tumors to autologous NK
cytotoxicity and this effect was enhanced upon depletion of Tregs (Lundqvist et al., 2009),
as will be further discussed in section 7. Therapeutic compounds like thalidomide (Davies
et al., 2001) in multiple myeloma and imatinib in gastrointestinal stromal tumors (Borg et
al., 2004) might indirectly enhance NK cell functions, survival and proliferation (Fig 2).
MICA and MICB proteins may be induced on hepatoma cells with an increase in NK cell-
mediated lysis, using the histone deacetylase (HDAC) inhibitor, Valproic acid (Armeanu
et al., 2005).
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Fig. 2. Immunomodulatory strategies to harness NK cells in melanoma.

5.3 Blockade of inhibitory NK cell receptors

NK cell missing-self-reactivity (as alluded to in section 2.2) can be mimicked by blocking
interaction between inhibitory receptors on NK cells and cognate MHC class I ligands.
Blocking of inhibitory receptors using F(ab’), fragments enhanced anti-tumor activity both
in vitro and in vivo and inhibited growth of syngeneic leukemia cells in an NK cell-
dependent manner (Koh et al., 2001). However, it was not clear whether the in vivo effect
occurred through direct induction of NK cell rejection or long-term influence on the NK cell
population. Using a mouse model, we investigated this further using F(ab’), fragments to
block Ly49C/I NK cell inhibitory receptors on mouse NK cells. When used alone, inhibitory
receptor blockade lead to enhanced rejection of RMA lymphoma cells. In combination with
high-dose IL-2 it further boosted the anti-lymphoma activity of NK cells. Combination
therapy even delayed growth of B16 melanoma tumors established s.c (Vahlne et al., 2010)
(Fig 2). Recently, Romagne et al have generated and characterized a fully human anti-KIR
therapeutic candidate mAb, 1-7F9, which is currently in clinical development with the
overall aim to increase antitumor responses of endogenous NK cells in patients with
hematological malignancies without transplantation (Romagne et al., 2009), this therapy was
not tested with solid tumors yet.
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6. Immunological aspects of melanoma and its immunotherapy

Melanoma is an immunogenic tumor resistant to chemotherapy and irradiation. Though
there is some evidence that metastatic melanoma can be successfully treated by
immunotherapy only in a minority of patients (Rosenberg, 1997), recent advances have
highlighted the potential of immunotherapeutic approaches as a valuable complement for
cancer therapy (Dudley et al, 2002). While chemotherapy treats the tumor directly,
immunotherapy treats the immune system. Finding the right formulation of combination
therapies, determining the optimal dose and schedule of administration is the main
challenge for incorporating immunotherapies into the standard of care. As tumors evade T
cell recognition, they become prone to NK cell attack. NK cell numbers in tumors increase
following activation in vivo (Albertsson et al., 2003) or after adoptive transfer (Geller et al.,
2011). Further, NK cells detected in melanomas after isolation of TILs, were more potent
tumor killers than T cells (Azogui et al., 1991). Previously reported correlations between
histological features and NK activity suggest that NK cells may represent an additional
prognostic factor (Hersey et al., 1982). The detection of NK cells in stage IV melanomas
(Fregni et al., 2011) further encourages us to design NK-based immunotherapeutic strategies
for melanoma patients. As many melanoma patients are of old age it is important to
consider age-dependent changes in the immune system in relation to immunotherapy of
melanoma. Information on responses to immunotherapy in elderly is sparse, but in one
study, high dose IL-2 treatment of tumor patients, aged 70 or older, resulted in a response
rate similar to that in younger patients (Quan et al., 2005).

6.1 Adoptive NK cell therapy

NK cells are attractive for adoptive cell therapy because of their unique ability to lyse target
cells without any priming. Moreover, the reported low MHC class I expression on
melanoma metastases (Algarra et al., 1997) allows NK cell triggering. Adoptive transfer of
immune cells to patients with cancer was pioneered in the mid-1980s by Rosenberg and
collaborators who infused autologous LAK cells together with high-doses of IL-2 to patients
with advanced metastatic melanoma and renal cell carcinoma (Rosenberg et al., 1985). The
FDA approved this treatment for patients with melanoma metastases (Rosenberg et al.,
1987) with 20% of patients responding to the LAK cell infusion containing autologous NK
cells. In follow up studies there was a response rate of 13-17% of the patients. The limited
success may be explained by that high doses of IL-2 expand regulatory T cells, inhibiting NK
cell activity via TGF- (Ghiringhelli et al., 2005). The modest results of LAK cell/IL-2
therapy were further limited by serious side effects. A new era in the exploitation of NK
cells in cancer immunotherapy started with Ruggeri et al who demonstrated that in bone
marrow transplanted patients with a donor-KIR/host-KIR-ligand mismatch, alloreactive
donor-derived NK cells were protective against acute myeloid leukemia (AML) relapse
(Ruggeri et al., 2002). This study has been reproduced in AML patients by Giebel S et al
(Giebel et al., 2003). Furthermore, alloreactive KIR-incompatible NK cells effectively
eliminate melanoma and renal cancer cells in vitro (Igarashi et al., 2004). These data would
suggest that allogeneic NK cells may have potent antitumor effects but this strategy remains
to be tested in melanoma patients. A potential problem with adoptive transfer of NK cells is
to direct the NK cells to the site of the tumor. Even if adoptively transferred NK cells
produce cytokines like IFN-y and TNF-a that may be able to function systemically, these
cells need to be in close contact with the tumor for recognition and complete elimination of
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tumor targets. Activation of NK cells with IL-2 ex vivo increased their migration to the
tumor site, and in vivo cytokine treatment may improve this further (Yang et al., 2003).

6.2 Combinatorial therapies

Immunological and biological agents convey their antitumor effect by potentiating cytotoxic
and anti-proliferative effects of chemotherapy by modulating antitumor reactions mediated
primarily by cell subpopulations of the innate immunity. The range of therapeutic options
against melanoma encompasses chemotherapeutic, immune, anti-angiogenic and hormonal
strategies. The sequence of these therapies used should correlate with the therapeutic
activity. One study demonstrated that a subcutaneous metastasis obtained after two rounds
of therapy with fotemustine, IFN-o. and IL-2 showed strong expression of MICA/B on
tumor cells and NKG2D on the infiltrating immune cells, while metastases from the same
patient prior to therapy lacked these molecules. So chemotherapy may offer a great
alternative in the induction of activating ligands on tumors (Vetter et al., 2004).

7. Strategies and current opportunities for NK cell-based immunotherapy of
melanoma

The challenges faced by clinicians and the scientific community working with melanoma are
formidable and it is required that we translate the growing body of scientific information
clinically to be useful in targeting melanoma in patients and prolonging their survival. T
cell-based immunotherapies have shown limited success so far (Fang et al., 2008). The main
obstacle in using adoptive cell therapy with T cells is MHC class I-negative tumor variants
that are insensitive to T cells (R. F. Wang and Rosenberg, 1996). Further, a cancer vaccine
based solely on T cell therapy might drive development of class I-negative melanoma
variants and/or variants that have lost the immunodominant target antigen (Yee et al,,
2002). Therefore, new strategies are required. Reduced MHC class I expression opens up
opportunities for NK cell-based immunotherapy at early stages of the disease when ligands
for NK receptors are first expressed. Based on findings obtained on immunomodulation of
NK cells we put forth our opinion on promising strategies and opportunities that can be
explored for NK cell-based immunotherapy of melanoma.

Over the past years, there have been several reports on the importance of NK cells in
immunotherapy (Fernandez et al., 1999). As the knowledge on NK cells has been growing
over the last two decades, successful NK-based therapeutic breakthroughs have however
not been accomplished. One potential reason for failure of adoptively transferred
autologous NK cells or LAKs to mediate objective rejection of metastatic solid tumors is that
autologous NK cells are subject to inhibition via KIR-ligands on tumor cells (Law et al,,
1995). In addition, autologous NK cells in melanoma often have decreased expression of
stimulating NK cell receptors. KIR/KIR-ligand mismatched NK cells have shown enhanced
efficacy against melanoma and renal cell carcinoma in vitro (Igarashi et al., 2004). Thus,
allogeneic NK cells may have a greater anti-tumor effect than autologous ones in adoptive
transfer (Ljunggren and Malmberg, 2007; Terme et al., 2008). In a promising study by Miller
et al, human allogeneic NK cells derived from haploidentical related donors were
adoptively transferred along with IL-2 in the presence of high-dose cyclophosphamide and
fludarabine immunosuppression. NK cells expanded and persisted in vivo accompanied by
a rise in endogenous IL-15 levels (Miller et al., 2005). This lead to an enhanced antitumor
effect, which was prevalent when KIR/KIR-ligand mismatch existed between donor and
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recipient, reminiscent of results in AML patients receiving haploidentical hematopoietic
transplantation. Further, ‘unlicensed” or “hyporesponsive” NK cells, i.e. NK cells expressing
no inhibitory receptors for self-HLA class I, lysed melanoma cells in vitro (Carrega et al.,
2009). Appropriate activation may enable these NK cells to kill autologous melanomas.
These cells can act independently of HLA class I expression in melanoma cells, but more
studies are needed to understand their functional properties and trafficking patterns to
utilize them successfully in cancer immunotherapeutic approaches. Clinical trials using
adoptive transfer of NK cells are currently ongoing (Velardi et al., 2009).

Recently, a new strategy was proposed by Markel et al to augment anticancer activity by NK
cells based on matching of activating NK cell receptors and their ligands. Increased killing was
observed against melanomas in vitro in matched effector-target combinations (Markel et al.,
2009). Matching of activating receptors/ligands as well as ex vivo testing of tumor susceptibility
to lysis by NK cells (Carlsten et al., 2007) may improve adoptive cell therapy protocols.

Most clinical studies exploiting allogeneic NK cells for adoptive immunotherapy have been
performed with NK cells selected from leukapheresis products by immunomagnetic bead
selection protocol (Iyengar et al., 2003; Meyer-Monard et al., 2009). Ex vivo expansions of
NK cells will facilitate infusion of higher numbers of activated NK cells (Carlens et al., 2001).
Several approaches are being tested. Large-scale expansion of functional human NK cells
from hematopoietic progenitor and stem cells without use of animal products and feeder
cells (cytokine-based method) generated 100% pure and activated NK cells at a high log-
scale magnitude which were able to lyse AMLs and solid tumors like melanoma (Spanholtz
et al., 2010). This method may hold a great promise for ex vivo generation of clinical grade
NK cell products for cellular immunotherapy against melanoma.

Tumors can be sensitized to NK cell killing via death receptors. Bortezomib treatment of B16
melanoma has been shown to augment their susceptibility to syngeneic NK cells in mice by
increasing TRAIL receptors on tumor cells, as growth of Bortezomib treated human
melanomas was delayed in SCID mice adoptively transferred with human NK cells
(Lundqvist et al., 2009). Hence, NK cell activity against cancer can be substantially bolstered
by combining adoptive NK infusions with bortezomib treatment (Lundqvist et al., 2006).
Other therapeutic approaches used to activate the TRAIL-system are reviewed by Hersey
(Hersey and Zhang, 2001).

As elucidated in the previous sections, we have recently demonstrated that NK cells have
the intrinsic capacity to recognize and target malignant melanoma cells. Tumor metastases
in the lymph nodes were more susceptible to peripheral blood NK cells. NCRs and DNAM-
1, but not NKG2D, emerged as key receptors in NK cell-melanoma cytotoxicity, indicating
that NK subsets expressing these receptors might be good candidates for adoptive transfer
in melanoma patients. Furthermore, using a xenogeneic model of cell therapy we have
shown that allogeneic NK cells potently eliminated LN metastases expressing ligands for
NCRs and DNAM-1, but did not affect metastases from skin, ascites, or pleura
(Lakshmikanth et al., 2009). The use of allogeneic NK cells in therapy of melanoma patients
needs to be further tested (Fig 3) but the results suggest enhanced potency of KIR-
mismatched allogeneic NK cells against melanoma cells (Igarashi et al., 2004) and provides
important implications for the use of NK cell immunotherapy in melanoma. Based on the
findings obtained in our study, we have presented our perspectives as two non-exclusive
approaches that include augmentation of endogenous NK cell activation/migration
pathways and intervention with allogeneic NK cell therapy. We have also raised a number
of unanswered questions whose knowledge will help better in designing the most effective
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therapy for melanoma (Burke et al., 2010). It is understood that once the melanoma tumor
spreads beyond the skin and regional lymph nodes, it is frequently incurable by available
chemotherapeutic agents. Since tumor metastases from lymph nodes were more susceptible
to NK cells it may be crucial to recruit NK cells and elicit response in that site to prevent
hematogenous tumor dissemination and further metastasis development. Autologous
peripheral blood NK cells could be redirected to the LN by administration of TLR ligands as
shown in a mouse model (Martin-Fontecha et al., 2004). It is of note that most of the TLR
ligands can serve as excellent adjuvants in classical T cell vaccines. It has been shown that
only a small proportion of advanced melanoma patients respond to IL-2. However, it is still
one of the few cytokine therapies with demonstrable clinical activities. Recent data from a
mouse model suggest that NK-tumor cell interaction via DNAM-1 or NKG2D receptors was
important for the efficacy of IL-2, -12 or -21 therapy (Chan et al., 2010). Hence assessment of
ligand expression on tumors may be a predictive marker for the efficacy of cytokine therapy
(Fig 3). Further, in light of our results, augmenting DNAM-1-mediated recognition of
melanoma appears as an attractive approach. Recently, Santoni and coworkers found that
melphalan, doxorubicin and bortezomib increase DNAM-1 ligands on multiple myeloma
cell surface, similar immuno-chemotherapy could optimize melanoma patients’ treatment
leading to a more effective autologous NK cell anti-melanoma cytotoxicity (Soriani et al.,
2009). Furthermore, genotoxic chemotherapeutic agents have been shown to upregulate NK
activating ligands for NKG2D like MICA /B on tumor cells by mechanisms that activate the
Hsp70 promoter (Liu et al., 1996). This is of particular interest as it would link
chemotherapy and immunotherapy and explains the synergistic effects of these different
therapeutic approaches observed clinically. Similarly, chemotherapeutic agents that activate
p53 can also induce NK specific activating ligands on tumors and augment NK cell-
mediated killing of melanomas and other tumor cell types as shown by us in a more recent
study (Li et al, manuscript submitted, 2011). Thus, re-establishing NK cell
immunosurveillance by strategically forcing the expression of NK activating ligands on
tumor cells by appropriate chemotherapeutic antiblastic drugs can be an interesting
approach for melanoma therapy (Fig 3).

As mentioned in previous sections, we have recently shown that NK cell missing-self-
reactivity can be mimicked by blocking self-specific inhibitory receptors on NK cells using
F(ab’), fragments which in combination with IL-2 lead to delayed outgrowth of melanoma
tumor cells (Vahlne et al., 2010). Further, Romagne et al have characterized a fully human
anti-KIR therapeutic candidate mAb, which is currently in clinical development, with the
overall aim to boost antitumor responses of endogenous NK cells from patients with
hematological malignancies without transplantation (Romagne et al., 2009). This needs to be
tested in solid tumors like melanoma as they do express a certain level of MHC class I
molecules on their cell surface during the initial stages of their metastatic spread. Hence,
NK-based therapeutic strategies in combination with each other, as well as with established
treatments, could form the basis for future therapy developments in melanoma.

8. Conclusion

As advances made in tumor immunology are enabling fast-paced discovery and translation
of results into potential clinical tools, there is clearly a dire need to improve response rates
and overall survival of melanoma patients. Despite limitations in the NK cell field, a great
interest has grown recently in exploiting the potential of NK cell-based immunotherapy
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Fig. 3. Strategies to manipulate NK cells in targeting melanoma. 1). The subset of NK cells
residing in the blood are CD56dim CD16+, a more cytotoxic subset unlike the CD56bright
CD16- subset that resides in the lymph node which has a more cytokine secreting profile.
Peripheral blood NK cells can be redistributed or trafficked into the LN by using TLR
adjuvants or matrix metalloprotease (MMP) activators; 2) Adoptive transfer of higher
numbers of autologous NK or allogeneic NK cells from healthy donors that can target
metastases in LN which prevent further hematogenous spread of tumors into the viscera; 3)
Boosting autologous NK cells by injecting antiblastic drugs like doxorubicin, bortezomib or
melphalan, that might upregulate ligands for NKG2D or DNAM-1 on tumors.

(Long et al., 2001) as shown by in vitro studies (Igarashi et al., 2004), murine studies
(Lundqvist et al., 2007), retrospective data from allogeneic transplant trials (Giebel et al.,
2003; Ruggeri et al.,, 2007), and clinical trials evaluating adoptive allogeneic NK cell
infusions in cancer patients (Miller et al.,, 2005). Clearly, many questions have to be
answered before designing optimal NK-based therapy. Great achievements have been made
at the bench and in the clinic over the last decade that will gain cancer patients in the
coming future. Several prognostic markers have also been determined. Furthermore, by the
use of comprehensive genomic, genetic and phenotypic analysis of human samples and with
refined mouse models, molecular insights into the mechanisms of resistance of melanoma
tumors to various immune-based therapies or chemotherapeutic drugs will be understood
well. It is reasonable to anticipate that alternative therapeutics to resistant tumors and
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various combination strategies will emerge in the coming future. Development of effective
therapeutic regimens against advanced melanoma will require more sustained effort and the
hope is that the developments in understanding of melanoma tumor biology will translate
into a significant benefit for patients.
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