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Abstract. Cancer affects multiple organs in the body Malignant
melanoma involves the invasion of skin and occasionally
mucosal membrane or eye choroidal tissues. The incidence of
cutaneous malignant melanoma is on the increase worldwide
and is a major concern in current research. The increase is
associated with UV irradiation-induced genetic aberrations
that stimulate skin melanocytes to develop unlimited growth.
This eventually leads to cell immortality, which in turn causes
metastases. The present review examines the genetics and
epigenetics of this pathological state together with recent
perspectives of the therapeutic management of disease.
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MM) has been ranked as
the 6th most commo in men and the 5th most common
cancer in women (1,2). is regarded as a low to median
penetrance CMM susceptibility gene (3). Carriage of two or
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as well as germ-line aberrations, as
families with an increased number of

d in addition to aberrations in MITF, TERF2IP,
] and BAPI genes, albeit at a low frequency (5). As
alence of heredity in CMM is low, the contribution
germ-line mutations for CMM pathology is limited, albeit
eral of the germ-line altered genes are also somatically
altered. In addition, as some of these genes increase the risk
for development of other neoplasms [pancreatic cancer for
CDKN2A and CDK4; uveal melanoma (UM) for BAPI1],
screening of the alterations is useful for the identification of
subjects with an increased risk for cancer.

2. Genetic aberrations and melanoma-associated pathways

The major genetic pathways activated in CMM tumors are
the mitogen-activated protein kinase (MAPK) (RAS-RAF-
MEK-ERK) and PI3K pathways (PIK3CA-AKT-mTOR). The
two pathways are known to be directly activated by oncogenic
signaling by some receptor tyrosine kinases (RTKs) (EGFR,
MET and KIT), whereas any of the two pathways are activated
by many RTKs (VEGFR, IGFIR, EPHA?2 and FGFR). In addi-
tion, the MAPK pathway is activated by oncogenic mutations
in RAS (predominantly NRAS in CMM) or BRAF leading
to a constitutively active MAPK downstream signaling and
unregulated expression of cyclin D1 protein as one of the high
impact oncogenic events (6).

Some G-protein coupled receptors (GPCRs) have been
shown to carry mutations in the intercellular C-terminal part
causing them to signal constitutively downstream, activating
the MAPK pathway. GRM3 mutations lead to increased
ERK phosphorylation, although the exact downstream
signaling details remain to be determined (7). In addition,
phenotype-related GPCR MCIR with downstream signaling
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via the cyclic AMP-mediated pathway may be involved in
oncogenic signaling in CMM. Similarly, constitutive MAPK
pathway activation occurs in UM. However, the identified
alterations associated with this activation are overexpression
of RTKs (KIT, IGFIR and MET) and constitutive signaling
from GPCRs GNAQ and GNAL11, leading to the activation
of MAPK, as well as signaling to PLCy in the PI3K-AKT
pathway (8).

In malignant melanoma, a number of mechanisms leading
to neoplasia have been previously described (9-11). CMM
development is known to be associated with the sporadic
loss of pl6INK4A protein translated from one of two reading
frames of the CDKN2A gene. Similarly, the association of
germ-line mutations in CDKN2A and aggregation of CMM in
families has been recognized (12). Loss of this tumor suppres-
sive protein inhibits p53-dependent functions in apoptosis and
prevents G2/M cell-cycle checkpoint engagement (13). CMM
involves loss of the tumor suppressor gene, CDKN2A, and the
derived proteins, as well as constitutive, oncogenic activation
of the RAS-RAF-MEK-ERK (MAPK) pathway by oncogenic
mutations, primarily in genes for BRAF and NRAS. In addition,
CDKN2A is deactivated transcriptionally by promoter methy-
lation in approximately 20% of melanoma metastases (14).

The pattern for the aberrations does not support a simple
association to CMM. In particular, the protein expression of
GLII and GLI3 appears to be elevated in CMM tumors (TCGA
database, cbioportal.org/public-portal/).

3. Epigenetics of melanoma

The epigenetic alterations in DNA and histo
become a part of melanoma genetic abe
alterations are regarded as being rel

sion (transcriptional silencing)
and their proteins, with an en

on has been associated
enes in melanoma, specifi-
cally CDKN2A, RA d PTEN (17-19). Transcriptional
silencing by aberrant pr er methylation is associated with
dimethylated lysine 9 in histone H3 (me2H3KD9), resulting
from the activity of H3K9 histone methyltransferases such
as SETDBI1 and EHMT?2, and counteracted by H3K9 histone
demethylase LSDI1 (20). Transcriptional repression is believed
to require binding of methyl-CpG binding protein (MECP2)
and methyl-CpG binding domain protein 1 and 2 (MBDI1
and MBD?2) activity. MBDI is also a binding partner to
SETDBI (16).

Ectopic overexpression of miR-124a, which regulates
EZH?2 negatively, has been shown to decrease tumor growth
in vivo in CMM and to be associated with tumor aggression.
Similar effects have been observed with regard to miR-124a
in UM, confirming that EZH2 downregulation is important in
melanoma (21).
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5. miRNA-related regulation

Epigenetic regulation of protein expression is derived from
miRNA that has an impact on gene expression or protein
stability, which affects the oncogenic process. One example
of this is miR-125b, a negative regulator of the MAPK
downstream targeting c-Jun by altering translation or protein
stability. The forced expression of miR-125b was found to
suppress cell proliferation and migration, in agreement with
downregulation of the MAPK pathway (22,23).

6. Alterations in epigenetic regulators

Loss of gene regulation in gma may be associated

with epigenetic regulatiog

osed cases, offer successful treatment for
). However, when surgery is not sufficient to
e melanoma cells, there is high risk for metastatic
the disease, whereby cutaneous melanoma primary
or thickness (Breslow thickness) and melanoma propensity
tastasize to multiple tissues (lymphatic, soft, lung and CNS
tissues) (25). For UM, the metastatic spread is often limited
to the liver and may allow therapy using liver perfusion and a
high local dose of chemotherapy (26).

Classic systemic therapy for disseminated cutaneous
melanoma involves alkylating agents including dacarba-
zine (DTIC), temozolomide (TMZ) as monotherapies or
together with platinum compounds (cisplatin or carbo-
platin), other alkylating drugs (fotemustine, melphalan)
or immunostimulatory agents interleukin (IL)-2, and
interferon (IFN)-targeted therapies (27,28). However,
single-agent therapies nor combinations of different types
of agents have been particularly successful in therapy,
exhibiting response rates (RRs) of 5-12% and median overall
survival (OS) <1-8 months (25). However, in a large phase III
trial NCT00091572 conducted on stage IV patients, with
429 patients receiving TMZ (150 mg/m? orally 7 consecu-
tive days every 14 days) and 430 patients receiving DTIC
(1,000 mg/m? intravenously day 1+/- 3 days every 3 weeks),
the median OS was 9.1 and 9.4 months, respectively, with
the corresponding objective response rates being 10 and 14%
for TMZ and DTIC, respectively (www.clinicaltrials.gov).
In a meta-analysis conducted, allowing pooling of data for
DTIC and TMZ clinical trial monotherapies, a median OS
length of 7.9 months was established for the chemothera-
peutic drugs (29). As few patients respond to therapy and the
sustained therapeutic efficacy is poor, alternatives to classic
chemotherapy have been to treat patients systemically with
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