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Claudine Piérard-Franchimont, Marie-Annick Reginster, and Pascale Quatresooz
Volume 2012, Article ID 461278, 6 pages

Biomarkers as Key Contributors in Treating Malignant Melanoma Metastases, Camila Ferreira de Souza,
Alice Santana Morais, and Miriam Galvonas Jasiulionis
Volume 2012, Article ID 156068, 14 pages

Ipilimumab, a Promising Immunotherapy with Increased Overall Survival in Metastatic Melanoma?,
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Cutaneous malignant melanoma (CMM) is a neoplasm
which has always evoked scientific interest out of proportion
to its frequency. Over the past decades, CMM has shown the
most rapidly increasing neoplasm in yearly incidence. Such
increased incidence outweighed the moderate improvements
in therapy, causing a global increase in mortality. The disease
progresses from the primary CMM (stages I and II) to a
locoregional disease (stage III) and a disseminated metastatic
disease (stage IV). Surgery represents the mainstay often
curative for thin primary CMM that have not yet given rise
to distant metastases. Beyond that stage, the therapeutic
options remain unsatisfactory. Indeed, according to the
American Joint Committee on Cancer (AJCC), the percent-
age of patients with metastatic melanoma surviving 1-year
ranges from 33 to 62%.

The present special issue contains ten papers focused
on new developments in the field of CMM progression
toward the metastatic disease. Two papers deal with imaging
procedures used for detecting metastases and with unusual
clinical evolution of metastases. Two papers focus on serum
biomarkers, and one covers the interpretation of CMM cell
migration along specific skin structures. A series of four
papers regard peculiar aspects of molecular biology associ-
ated with the CMM metastatic process. Finally, one paper
addresses some recent developments in biologic treatments.

In the paper entitled “Review of diagnostic imaging
modalities for the surveillance of melanoma patients,” Y. Xing
et al. present a meta-analysis evaluating the current state
of imaging modalities for detecting CMM metastases. They
compare the sensitivity, specificity, and positive predictive
values of ultrasonography, computed tomography (CT),

positron emission tomography (PET), and CT-PET com-
bined. Ultrasonography was found to be the most sensitive
and specific for detecting lymph node metastases, and PET-
CT was the most sensitive and specific for detecting distant
metastases.

In the paper entitled “Smouldering malignant melanoma
and metastatic dormancy,” G. E. Piérard et al. explore two
peculiar evolutions of the versatile CMM metastatic disease,
namely, the smouldering CMM and the CMM dormancy.
A long disease-free interval (CMM dormancy) occasionally
occurs before the surge of overt metastases. The so-called
CMM smouldering phenomenon refers to the condition
where regional metastases wax and wane for long periods of
time on restricted skin regions. Local micrometastases often
predict sentinel lymph node involvement but they do not
always reflect progression of the primary CMM to full-blown
visceral metastatic competence. A combination of factors
impacts the versatile CMM metastasic progression. The
putative factors include the heterogeneity and phenotypic
variability of CMM cells, the presence of CMM stem cells and
CMM cells engaged in an amplification proliferation pool, as
well as the host immune response, and possibly the induction
of a particular stromal structure and vascularity.

The papers entitled “Biomarkers as key contributors in
treating malignant melanoma metastases,” by C. Ferreira de
Souza et al., and “A synopsis of serum biomarkers in cutaneous
melanoma patients,” by P. Vereecken et al., describe CMM
serum biomarkers. A poor correlation exists between
biomarkers discovered by basic research and data from
clinical trials. It remains that LDH and the S100 B protein
levels are correlated with poor prognosis in the American
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Joint Committee of Cancer (AJCC) stage III/IV CMM pa-
tients.

The paper entitled “Thigmotropism of malignant mela-
noma cells,” by P. Quatresooz et al., is an original view of the
migration process of CMM cells. During CMM progression
including incipient metastasis, neoplastic cells follow some
specific migration paths inside the skin. In particular, they
progress along the dermoepidermal basement membrane,
the hair follicles, the sweat glands, nerves, and the near
perivascular space. These features evoke the thigmotropism
phenomenon defined as a contact-sensing growth of cells.
This process is likely connected to modulation in cell
tensegrity (control of the cell shape). These specifically
located paucicellular aggregates of CMM cells do not appear
to be involved in the tumorigenic growth phase, but rather
they participate in the so-called “accretive” growth model.

In the paper entitled “Molecular dermatopathology in ma-
lignant melanoma,” M. A. Reginster et al. summarize and
update some methods of molecular diagnosis applicable
to CMM. Sensitive techniques are available for detecting
specific DNA and RNA sequences by molecular hybridiza-
tion. Cytogenetics highlights the pathogenesis of atypical
melanocytic neoplasms with emphasis on the activation
of the mitogen-activated protein kinase (MAPK) signalling
pathway during the initiation step of the neoplasms. A
minority of CMM families have mutations in the tumour
suppressor gene p16 or CDKN2A. In addition, somatic
mutations in p16, p53, BRAF, and cKIT are present in CMM.
Genome-wide scan analyses on CMM indicate positive
associations for genes involved in melanocytic naevi, but
MM is likely caused by a variety of common low penetrance
genes.

The paper entitled “miRNAs and melanoma: how are they
connected?” by A. Taveira da Cruz et al. is focused on the
epigenetic and mRNA control by microRNAs (miRNAs).
miRNAs are essential in the processing and control of many
biological responses, in particular in cancer development.
Some molecular pathways are frequently disrupted in CMM,
and miRNAs probably have a decisive role on that. New
findings about miRNAs are presented in CMM, underlying
both some epigenetic processes, and the promise of miRNAs
in diagnosis and therapy of CMM.

In the paper entitled “RAS/RAF/MEK/ERK and P13K/
PTEN/AKT signalling in malignant melanoma progression and
therapy,” I. Yajima et al. discuss molecular changes associ-
ated with CMM progression. In human CMM, the RAS/
RAF/MEK/ERK (MAPK) and the P13K/PTEN/AKT (AKT)
signalling pathways represent two major pathways that are
constitutively activated through genetic alterations. Muta-
tions of RAF, RAS, and PTEN contribute to anti-apoptosis,
abnormal proliferation, angiogenesis, and invasion for CMM
development and progression. This paper reviews the MAPK
and AKT signalling networks associated with CMM develop-
ment and progression.

In the paper entitled “Targeting the cellular signalling:
BRAF inhibition and beyond for the treatment of metastatic
malignant melanoma,” F. Ades and O. Metzger-Filho report
important translational researches having identified mecha-
nisms in malignant transformation, invasion, and progres-

sion. Signalling pathways can be abnormally activated by
oncogenes. The identification of oncogenic mutated kinases
in CMM provides an opportunity for new target therapies.
The CMM dependence of BRAF-mutated kinase allowed the
development of inhibitors that produced major responses
in clinical trials. This represents the beginning of a novel
class of drugs in metastatic CMM; the identification of the
transduction signalling networking and other “druggable”
kinases is currently under active investigations. In this re-
view, the ongoing research on cellular signalling inhibition,
resistance mechanisms, and strategies to overcome treatment
failure is discussed in depth.

In the paper entitled “Ipilimumab, a promising immun-
otherapy with increased overall survival in metastatic mela-
noma?”, G. E. Piérard et al. review new advances in metastatic
CMM biotreatment. The therapeutic options remain limited
for advanced CMM, and those directed to the neoplastic
cells have not brought major survival advantage so far.
Immunotherapy is another targeted option. Ipilimumab,
a monoclonal antibody directed to CTLA-4 present on
cytotoxic T cells, boosts immunity, particularly its anti-
CMM activity. Under treatment, the overall survival of pa-
tients with CMM metastases is moderately but significantly
increased. In some instances, the immunorelated adverse
effects are severe and life-threatening.

We hope this special issue will not only help to clarify the
understanding of the CMM metastatic process, but also will
reinforce the development of better treatment modalities for
disseminated CMM.

Gérald E. Piérard
Philippe Humbert

Pascale Quatresooz



Hindawi Publishing Corporation
Dermatology Research and Practice
Volume 2012, Article ID 260643, 7 pages
doi:10.1155/2012/260643

Review Article

A Synopsis of Serum Biomarkers in
Cutaneous Melanoma Patients

Pierre Vereecken,1 Frank Cornelis,2 Nicolas Van Baren,3

Valérie Vandersleyen,1 and Jean-François Baurain2

1 Department of Dermatology, Centre Hospitalier Valida and Cliniques Universitaires Saint-Luc, B-1082 Brussels, Belgium
2 Department of Medical Oncology, Cliniques Universitaires Saint-Luc, Brussels, Belgium
3 Brussels Branch, Ludwig Institute for Cancer Research, Brussels, Belgium

Correspondence should be addressed to Pierre Vereecken, pierre.vereecken@uclouvain.be

Received 12 July 2011; Accepted 28 September 2011

Academic Editor: Gérald E. Piérard
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Many serum biomarkers have been evaluated in melanoma but their clinical significance remains a matter of debate. In this paper,
a review of the serum biomarkers for melanoma will be detailed and will be discussed from the point of view of their practical
usefulness. The expression of biomarkers can be detected intracellularly or on the cell membrane of melanoma cells or noncancer
cells in association with the melanoma. Some of these molecules can then be released extracellularly and be found in body fluids
such as the serum. Actually, with the emergence of new targeted therapies for cancer and the increasing range of therapeutic
options, the challenge for the clinician is to assess the unique risk/response ratio and the prognosis for each patient. New serum
biomarkers of melanoma progression and metastatic disease are still awaited in order to provide efficient rationale for followup
and treatment choices. LDH as well as S100B levels have been correlated with poor prognosis in AJCC stage III/IV melanoma
patients. However, the poor sensitivity and specificity of those markers and many other molecules are serious limitations for their
routine use in both early (AJCC stage I and II) and advanced stages of melanoma (AJCC stage III and IV). Microarray technology
and proteomic research will surely provide new candidates in the near future allowing more accurate definition of the individual
prognosis and prediction of the therapeutic outcome and select patients for early adjuvant strategies.

1. Introduction

The incidence of cutaneous malignant melanoma (CMM) is
still increasing in the western world despite early detection
and prevention campaigns. Patients are mostly young and
late diagnosis, which means thicker tumors (thicker than
1 mm, or Breslow index ≥1 mm: the Breslow index is the
measurement in mm of the vertical thickness of the primary
tumor) and/or involvement of regional lymph nodes, causes
a greater risk of developing a disseminated disease. CMMs
usually progress from an in situ proliferation to a radial
growth pattern, and then to a vertical growth phase. This
vertical growth phase represents a key event for the cell
spread, since it allows the cells to migrate deeply in the
dermis, in the lymphatics, and the bloodstream.

In the 7th revision of the American Joint Committee
on Cancer (AJCC) for melanoma staging and classification

(2009), patients can be divided in four stages, from stage I
and II (local disease) to stage III (locoregional disease) and
stage IV (metastatic disease). In this classification, the only
marker which has been incorporated for clinical use is lactate
dehydrogenase (LDH) since elevated serum LDH has been
shown in multivariate analysis to be an independent and
highly significant predictor of survival even after accounting
for site and number of metastases.

Surgery remains the mainstay of the melanoma treat-
ment. Actually, the major concern after the diagnosis by
primary surgery or primary excision is to know whether
this cancer has already metastasized or not. Indeed many
arguments emphasize that early detection of melanoma
metastasis could improve the prognosis of patients, at least
for a part of them.

High-risk melanoma patients can be defined by a 50%
risk of relapse despite initial optimal surgical treatment.
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Figure 1: The process of metastasis is the consequence of migration
of melanoma cells from the primary lesion, to locoregional and
distant body sites via the lymphatic circulation and the blood-
stream. Sentinel lymph node is the first draining lymph node
in which melanoma cells may find a suitable environment and
survive, leading to micro- or macrometastasis. If the cells spread
hematogenously, distant metastasis will appear.

This group of patients should be carefully followed and if
possible treated by efficient adjuvant therapeutic strategies.
Interferon-α and more recently ipilimumab have been pro-
posed as adjuvant treatments but their effect on survival
is still a matter of debate. To date no predictive factor of
response has been described.

The process of metastasis involves the spread of neoplas-
tic cells to locoregional or distant body sites via lymphatic
vessels and/or bloodstream. In the case of melanoma,
circulating cells may find a suitable microenvironment in
the first draining lymph node, known as the sentinel lymph
node, in other lymphnodes or in distant organs, leading to
secondary tumor growth (Figure 1). Melanoma may spread
to almost all organs, with predilection for lymph nodes, liver,
lungs, brain, and bones. Understanding the biology and the
mechanism of metastasis provides new molecular targets and
may help us to discover new biomarkers.

When metastatic disease is confirmed late and surgery
can no longer be chosen, therapeutic options are limited
and give disappointingly low responses. These options
include specific or nonspecific immunotherapy, chemother-
apy, radiotherapy, radiosurgery, radiofrequency ablation.

2. Towards the Definition of a Biomarker in
Cutaneous Malignant Melanoma?

Biomarkers can be divided into diagnostic markers for
screening and prognostic markers, which can be used once
the cancer has been diagnosed and predictive markers, which
should predict the likely response to a treatment.

Cancer biomarkers include molecular tools such as
proteins, peptides, DNA, mRNA, or processes which can be
measured in a given cancer, with specific quantitative and
qualitative tools. These markers can be found in tissues, cells,
and/or body fluids. In addition viable melanoma cells can

also be found in the peripheral blood of melanoma patients.
The discussion will be limited here to serum biomarkers in
melanoma patients.

The ideal serum biomarker should be a molecule detec-
tion which in the blood allows diagnosis of a growing tumor
in a patient. The biomarker must exhibit sufficient sensitivity
and specificity in order to minimize false negative and false
positive results. The sensitivity refers to the proportion of
patients with a confirmed disease who will have a positive
test for a biomarker, while the specificity can be defined by
the proportion of healthy individuals with a negative test.

Previous studies have shown that many molecules which
may be involved in oncogenesis and cancer spread can
be found in the serum of cancer patients in particular
melanoma patients, but their sensibility and/or specificity
is still questionable. These molecules can be produced and
secreted or shed into the bloodstream directly by melanoma
cells or indirectly through destruction of melanoma cells
by chemotherapy, immunotherapy, or combined therapy.
Biomarker discovery is a complex research process which
involves scientific collaboration and data share. Early ap-
proaches rested on clinical and pathological findings, as
illustrated by the CEA and the PSA stories, but now emerging
technologies such as genomics and proteomics have influ-
enced and changed the paradigm.

At this moment no ideal biomarker exists in the
melanoma field, and additional markers (combined mark-
ers) provide probably more useful information as shown in
some reports. Routine use of tumor markers is an important
issue because it would allow early detection and definition of
therapeutic strategy.

In addition, melanoma biomarker research is an open
field for the understanding of molecular events in melanoma
progression and should provide new molecular targets for
therapeutic intervention.

Hereafter we detail the most important serum molecules
which have been described as biomarker for CMM.

2.1. Common CMM Biomarkers

2.1.1. Lactate Dehydrogenase (LDH). As already discussed
above, this enzyme has been considered as the main serum
parameter in metastatic melanoma patients and identified as
a “good” biomarker in metastatic patients. Many studies have
presented LDH as the most predictive independent factor.

This led to a stratification in the American Joint Commit-
tee of Cancer staging system. Metastatic melanoma patients
with high LDH levels are designated as M1c whatever the site
of metastases.

However, Hamberg et al. [1] recently indicated that in a
series of 53 AJCC stage IV melanoma patients only 38% had
high levels of LDH, suggesting that elevated LDH is not the
ideal marker for this condition. Moreover, in a multivariate
analysis of 64 AJCC stage IV melanoma patients, Hauschild
et al. [2] failed to demonstrate the independent prognostic
value of LDH. It should be also remembered that LDH
dosage can be falsely positive due to haemolysis and other
factors among them hepatitis. Others markers are thus
needed.



Dermatology Research and Practice 3

0 10 20 30 40 50 60 70

(months)

20

30

40

50

60

70

80

90

100

Su
rv

iv
al

pr
ob

ab
ili

ty
(%

)

S100B
<0.1µg/dL
>0.1µg/dL

Survival curves according to serum S100B levels

Figure 2: Survival curves according to serum S100B levels: a S100B
> 0.1 μg/dL is a bad prognosis factor (personal data).

2.1.2. C-Reactive Protein (CRP). CRP is a nonspecific in-
flammatory parameter which might have a role in the
detection of melanoma progression. This protein is produced
by hepatocytes as a nonspecific acute phase response of
inflammation processes.

High serum CRP levels have been linked to poor prog-
nosis in various neoplasia. In a recent report, Deichmann
et al. [3–5] analyzed the prognostic significance of C-
reactive protein (CRP) compared to LDH in AJCC stage
IV melanoma patients. With a cut-off point of 3 mg/dL,
serum analysis discriminated between stage IV and nonstage
IV melanoma patients, with a sensitivity of 76.9% and a
specificity of 90.4%. In another prospective study of 67
patients, Deichmann considered that CRP alone was the
most relevant prognostic parameter [3]. These results are
debated.

2.1.3. S100-β Protein (S100B). S100B protein is a 21-kd
dimeric protein, consisting of two subunits β. This protein is
a member of a 19 proteins family and was first isolated from
bovine brain in the mid sixties. S100B protein is expressed
by glial cells and melanocytes and has been shown to be
produced by brain tumors and melanoma.

Roles of S100B are probably multiple and underesti-
mated. It can interact with the p53 tumor suppressor gene
in a calcium-dependent manner.

The serum S100B level is linked to the tumor burden and
reflects clinical stage and tumor progression as reported by
some.

There is increasing evidence that time-dependent evalua-
tion of serial blood measurements of S100B is useful in order
to follow melanoma patients (Figure 2); many reports have
shown that S100B levels are correlated with clinical stage (the

higher the level, the more advanced the stage) and could be
used to monitor the effectiveness of antitumoral treatment
whatever the type of the treatment (surgical, chemotherapy,
immunotherapy). Retsas et al. [6] have even suggested the
use of S100B instead of LDH in the AJCC staging system
while other authors consider that S100B does not have any
added value when comparing its sensitivity and specificity to
CRP and LDH.

S100B has probably become the most useful tumor
marker in clinical practice but seems limited to advanced
stage III and stage IV melanoma patients: in stages I and II
S100B does not provide independent prognostic informa-
tion. Currently S100B is not used routinely despite a high
predictive value for the recurrences in this group of patients.

Moreover one should remember that S100B is not
melanoma specific and that its serum level can be elevated
in healthy subjects, nonmelanoma skin cancer patients, in
neurological disorders, in AIDS, in central nervous system
tumours, and even in various gastrointestinal cancers.

2.2. Novel Molecules Which Can Be Considered as

Possible Biomarkers in CMM

2.2.1. Melanoma Inhibitory Activity (MIA). MIA is a 12 kDa
soluble protein, the role of which has been characterized
as an autocrine cell growth inhibitor. It can be expressed
by melanoma cells as well as chondrocytes. The roles of
this protein are multiple as the molecule may modulate
cell growth and cell adhesion. MIA has been shown to
be elevated in the serum of relapsing cases (Elisa test)
and has been described as a useful marker to monitor
melanoma patients after surgery. Some authors considered
that sensitivity of both molecules MIA and S100B is equal.
For some authors neither MIA nor S100B is superior to LDH
and CRP on multiple logistic regression analysis. In children
and pregnant women (after week 38), MIA is increased and
MIA serum measurements should be thus avoided in these
two groups [7].

2.2.2. Galectin-3. Galectin-3 is the member of the family
of lectins which can bind to β-galactosides. Many members
of the galectin family are differentially expressed in cancer.
Gal-3 is a molecule which contains an NH2-terminal
domain, a COOH-terminal domain, and a collagen-like
long sequence. In melanoma, Gal-3 has been shown to be
overexpressed in malignant melanocytic lesions and also
released in serum of melanoma patients by both melanoma
cells and inflammatory cells. Gal-3 has been shown to play
important roles in cell proliferation, cell differentiation,
cell adhesion, cell migration, angiogenesis, and metastasis.
Thus, Gal-3 deserves close attention, and clarifying the role
of extracellular Gal-3 should help us to understand the
significance of high serum levels of this molecule in advanced
melanoma patients.

2.2.3. Melanoma-Associated Antigens and Circulating Melano-
ma Cells. Malignant transformation of melanocytes causes
changes in gene expression. This leads to the expression of
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Table 1: Melanoma-associated antigens (adapted from Visser et al.
[11]).

Antigen HLA restriction

Oncospermatogonal antigens

MAGE-A1
A∗01, A∗03, A∗24, A∗28, B∗3701,
B∗53, Cw∗0201, Cw∗0301, Cw∗1601

MAGE-A2 A∗0201, B∗3701

MAGE-A3
A∗01, A∗02, A∗2402, B∗3701, B∗44,
DR∗11

MAGE-4 A∗0201

MAGE-A6 A∗3402, B∗3701

MAGE-A10 A∗0201

MAGE-A12 A∗0201

MAGE-B1 A∗0201

MAGE-B2 A∗0201

BAGE Cw∗1601

GAGE-1 Cw∗6

LAGE-1 A∗0201

PRAME A∗24

NY-ESO-1 A∗02, A∗31

DAM-6 A∗02

Melanocytic differentiation antigens

Tyrosinase
A∗01, A∗0201, A∗2402, B∗44,
DRβ1∗0401

MART-1/Melan-A A∗0201, A∗02, B∗4501

Gp100
A∗0201, A∗03, A∗0301, A∗1101,
A∗2402, C∗0802, DRβ1∗0401

TRP-1 A∗31

TRP-2
A∗31, A∗33, A∗0201, C∗0802,
A∗68011

MC1R A∗0201

Mutated antigens

MUM-1 B∗44

CDK4 A∗02

B-catenin A∗24

P15 A∗24

GnT-V A∗02

TPI DRβ1∗0101

Annexin II DRβ1∗0401

CDC27 DRβ1∗0401

Oncogene-derived antigens

HER2/Neu A∗0201

molecules—so called melanoma associated antigens—which
are more or less specifically associated with the malignant
phenotype (Table 1). Sometimes these MAA can also be
expressed in normal melanocytes but then can be observed
in sequestered sites. These MAAs play important roles
in triggering the antimelanoma immune response. These
antigens have mostly been identified by immunological
approaches, including in vitro and vivo reactions, and by
serological tests. These antigens can be defined by their
ability to interact with T or Bcells, and peptides derived from

these antigens have been used to induce or sustain a specific
antimelanoma immunological response. Mage-1 was the first
MAA identified by a genetic approach in the Ludwig Institute
for Cancer Research, Brussels, Belgium and this belongs to
a broad family of at least 12 antigens differentially expressed
by benign and malignant melanoma cells. Immune responses
to these genes can be used as markers of disease and/or the
existence of immune competence.

Polymerase chain reaction technique (PCR) is a tech-
nique which allows the detection of 1 tumor cell among 107-
108 cells which is much more precise than light microscopy
with a limit of detection of 1/100 –1/1000. PCR-based tech-
niques rest on an exponential amplification of specific DNA
or RNA molecules. With this technique, the identification
of tumor-specific or tumor-associated genes leads to specific
detection of tumor cells.

In RT-PCR serum analysis, RNA of the sample is first
extracted and reversely transcribed into cDNA (reverse
transcription). A gene of interest is then amplified thanks to
specific primers, and isolated on agarose gel, or hybridized
after southern blotting. Sequencing of the product of PCR
can be carried out in order to compare it with the gene of
interest.

Serum tyrosinase activity or positive tyrosinase RT-PCR
in melanoma patients has been shown to be correlated with
higher risk of relapse, but only 55% of these patients will
experience a clinical relapse [8]. Moreover the specificity
of this technique has yet to be optimized [9]. When com-
bined with a S-100 assay, Domingo-Domenech showed that
tyrosinase RT-PCR adds valuable prognostic information in
patients with S-100 < 0.15μg/l, even if this team showed that
S-100 had a higher predictive value.

Curry et al. [10] have suggested that RT-PCR detection of
tyrosinase and MART-1 (Melanoma Antigen Recognized by
T cells-1) positive circulating melanoma cells can be useful
to determine a subgroup of patients with increased risk of
metastasis.

2.2.4. Melanin-Related Metabolites. 5-S-cysteinyldopa is a
precursor of phaeomelanin and is produced by both melan-
ocytes and melanoma cells, as the product of the binding of
a highly reactive molecule, dopaquinone, to cysteine. 5SCD
has been shown to be detectable in the serum and in urine of
melanoma patients and to correlate with disease progression.
In progressive patients it has been previously published
that 5SCD levels increased significantly earlier than clinical
signs. A comparative report has stated that together with
LDH and S100B, 5SCD was an interesting biomarker even
if the authors of this report concluded that S100B could
be regarded as the most sensitive of the three markers.
Because of the effect of UV exposure on melanin pigment
pathways the use of this 5SCD as a biomarker may be limited
in Caucasians, while its use in Japan is more extensive.
Moreover, patients with amelanotic metastasis usually do not
have increased serum levels of 5SCD.

3,4-dihydroxyphenylalanine (L-dopa) is the first metabo-
lite involved in melanogenesis and its plasma levels have
been correlated with melanoma progression and tumor
burden, as well as the plasma L-dopa/L-Tyrosine ratio which
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represents an index of tyrosinase and tyrosine hydroxylase
activity. Stoitchkov et al. have shown that this latter ratio
has a predictive value, especially in stage III patients, and
advocated the simultaneous use of several biomarkers.

2.2.5. Matrix Metalloproteinases (MMPs). MMPs are a family
of 24 structurally related endopeptidases. Theses zinc-de-
pendent enzymes are defined by their own substrates and can
lyse components of the ECM (for instance type IV collagen,
which is a major component of basement membrane by
gelatinases such as MMP-2 and MMP-9) and play a role
in angiogenesis and turnover of the ECM. MMP may also
cleave other molecules such as other proteinases, protein-
ase inhibitors, growth factors, adhesion molecules and in
consequence modulate the inflammatory reaction, growth
processes, tumor invasion, and metastasis.

A balance between MMP and tissue inhibitors metallo-
proteinases (TIMP) can be broken by an upregulation of
MMPs or a downregulation of TIMPs as this can be shown
in the acquisition of a malignant phenotype.

Another important role, angiogenesis, has been attrib-
uted to MMPs, and this could afford a possible therapeutic
target. Batimastat (BB-94, a synthetic broad spectrum metal-
loproteinase inhibitor) for instance has been shown to inhibit
angiogenesis of liver metastases in mouse models.

MMP expression has been reported during melanoma
progression, and high serum levels of MMPs, namely, MMP-
1 and MMP-3, have been correlated with poor survival.

2.2.6. Cytokines, Chemokines, and Their Receptors. Che-
mokines are small signalling polypeptides that can bind
to and activate G protein-coupled receptors, a family of
seven transmembrane molecules. Multiple roles have been
attributed to chemokines, and these molecules are implicated
in the transformation and metastasis processes. Pattern
expression of chemokines and their receptors could explain
organ-specific metastasis.

Melanoma cells have been shown to express the chemok-
ine CXCL8, also known as interleukin-8 (IL-8), and a report
has established that high serum levels of IL-8 are associated
with tumor burden and poor prognosis. This might be
an interesting approach since in vivo studies have already
demonstrated that anti-IL8 humanized antibodies are able to
decrease tumor growth and angiogenesis.

Very recently an American team investigated 29 cytokines
simultaneously (chemokines, angiogenic factors, growth
factors, soluble receptors) with a high-throughput multiplex
immunobead assay technology (Luminex Corp., Austin, Tex,
USA) in the sera of 179 patients with high-risk melanoma
and 378 healthy individuals. They were able to define a
specific serum cytokine profile in the patients compared to
healthy individuals—higher serum concentrations of inter-
leukin (IL)-1alpha, IL-1beta, IL-6, IL-8, IL-12p40, IL-13,
granulocyte colony-stimulating factor, monocyte chemoat-
tractant protein 1 (MCP-1), macrophage inflammatory
protein (MIP)-1alpha, MIP-1beta, IFN-alpha, tumor necro-
sis factor (TNF)-alpha, epidermal growth factor, vascular
endothelial growth factor (VEGF), and TNF receptor II.
Moreover they showed that IFN-alpha2b therapy resulted

in a significant decrease of serum levels of immunosup-
pressive and tumor angiogenic/growth stimulatory factors
and increased levels of antiangiogenic IFN-gamma inducible
protein 10 (IP-10) and IFN-alpha. Finally they established
a predictive value to the pretreatment levels of proinflam-
matory cytokines IL-1beta, IL-1alpha, IL-6, TNF-alpha, and
chemokines MIP-1alpha and MIP-1beta which were found
to be significantly higher in the serum of patients with longer
RFS values [12]. Both IL-10 and soluble IL-2 receptors have
been correlated to poor outcome [13, 14].

2.2.7. Growth Factors and Angiogenesis Factor

Vascular Endothelial Growth Factor (VEGF). Angiogenesis
is an important step in tumor growth since it allows the
delivery of oxygen and substrates. This process is the result of
complex interactions between proangiogenic and antiangio-
genic factors released by either tumor cells, native endothe-
lial, epithelial, mesothelial cells and leucocytes. VEGF has
been described as a potent mitogen of endothelial cells
and a chemotactic factor also for monocytes and Tumor-
Associated Macrophages (TAM’s) and plays a key regulatory
role during neoangiogenesis. Moreover, this growth factor is
a vasopermeability stimulant and was formerly known as the
Vascular Permeability Factor (VPF). Its expression has been
correlated with tumor progression and prognosis and can be
increased by hypoxic conditions.

Various VEGFs have been discovered and referred as
VEGF-2, VEGF-3,. . .. Very recently, a tem has reported lower
serum of VEGF-C levels in metastatic patients with skin/
subcutaneous metastasis compared to metastatic patients
with other distant sites [15]. In another study, VEGF serum
level was not considered as in independent prognostic factor
in multivariate analysis [16].

Very recently, a team has reported lower serum VEGF-C
levels in metastatic patients with skin/subcutaneous metas-
tasis compared to metastatic patients with other distant sites.

2.3. Others: Cell Surface and Adhesion Molecules

2.3.1. Integrins. Integrins are cell components which assure
adhesion to the other cells, the ECM, or to other proteins,
as serum proteins. Other important roles can be played by
integrins as mediation of information between extra- and
intracellular space, angiogenesis.

Integrins are heterodimeric cell adhesion receptors com-
posed of two subunits, α and β. On the basis of their common
subunit, integrin heterodimers can be subdivided into αv, β1
and β2 integrins. The main integrins involved in melanoma
progression include αvβ3 (receptor for vitronectin and
fibronectin), α2β1 (collagen), α4β1 (fibronectin), and α6β1
(laminin).

Some reports have shown that increased serum levels of β
integrins have been associated with shorter survival. Clinical
impact of this has yet to be defined.

2.3.2. CD44. CD44 is a cell surface transmembrane gly-
coprotein, originally described as a homing receptor for
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lymphocytes. In the literature, this protein is described
to play a role in tumor invasion and metastatic process.
Multiple isoforms of CD44 are generated by alternative
splicing of transcripts of its gene. CD44 is an important
cell surface receptor for hyaluronan, and its downregulation
5CD44H, loss of CD44v3 expression has been correlated
with poor outcome by some but not confirmed. Moreover
serum level studies have also been conducted, which did not
show any significance in defining the prognosis of melanoma
patients.

2.3.3. ICAM-1. ICAM-1 is an intercellular adhesion mole-
cule which can be found in the cell membranes of leukocytes
and endothelial cells. ICAM-1 is a ligand for LFA-1 (lym-
phocytes function-associated antigen-1, integrin family) of
Tcells, Bcells, macrophages, and neutrophils. Migration of
leukocytes is facilitated by ICAM-1/LFA-1 binding. Com-
parative measurements of serum levels of ICAM-1 and 5-
S-CD have concluded that the level of 5-S-CD is a better
marker for disease progression in melanotic melanoma,
and another study showed that sICAM-1 was increased in
metastatic patients but without independent prognostic
value in multivariate analysis [17].

3. Discussion

Cancer is a major cause of morbidity and mortality in our
society. It has exacted a tremendous price and has had
many devastating effects. In particular, the rising incidence of
cutaneous melanoma in western population is a major health
problem.

Melanoma growth and progression are well defined in
their clinical and histopathological patterns. The prognosis
of CMM is strongly related to the stage at which it is
diagnosed; with early diagnosis, a high proportion of lesions
present a good prognosis.

If diagnosed late, melanoma can be a very aggressive
malignancy. Moreover, melanoma may sometimes exhibit
unpredictable clinical behaviour: the thickness of the pri-
mary lesion (Breslow index) is the most important prognos-
tic factor but patients with thick melanoma (Breslow index
> 4 mm) can be free of disease and some patients with thin
melanoma (Breslow index < 1 mm) can die of their disease.

Current therapies have limited effectiveness, and surgery
remains the mainstay of the treatment. Better treatments
are certainly needed: the treatment results of advanced
melanoma patients yields poor or even absence of survival
benefit. Only a few of them will get a benefit from their
systemic treatment: survival of AJCC stage IV melanoma
patients with visceral/brain metastases can be estimated to 6–
9 months. These poor therapeutic responses may be, at least
in part, due to inadequate treatment or inclusion of patients
in therapeutic protocols, linked to inappropriate staging.

In the past, the only prognostic factor used in melanoma
patients was limited to histology (tumor thickness) and the
localization of the primary tumor. These parameters remain
important but have been further complemented by many
clinical, pathological, and biological prognostic factors, par-
ticularly in advanced melanoma patients. Recently the use of

serum markers, isolated or combined, has been suggested in
order to refine the prognosis of a patient, to ensure adequate
followup, and to predict the possible benefit from a therapy.
Several melanoma-specific or non specific biomarkers can be
found in the serum of advanced patients, and in most cases,
these markers are directly correlated with tumor burden.
Among all these biomarkers, S100B emerges as a protein with
an independent prognostic value in advanced melanoma,
more specific and sensitive than LDH, as illustrated by some
studies, but not yet ideal.

Because biomarkers are a useful way to understand the
biological diversity of melanoma, new biomarkers should be
defined and further investigations should be carried out.

This biomarker research is important since it could
improve patient monitoring, early detection, and treatment
of secondary lesions and open new perspectives for targeted
therapies. The multiple molecular modifications underly-
ing melanoma progression are currently being intensely
investigated. Nowadays there is a wealth of data generated
by proteomic and genomic approaches, which is growing
daily. These techniques allow the determination of molecular
profiling of individual tumors and the study of expression
of thousands of genes in order to isolate genes or family
of genes of interest. It is important to recall that because
of posttranslational modifications an activated gene does
not mean a bioactive protein. These techniques give the
possibility of classifying melanomas based on their complex
biological diversity, and this will have surely a direct impact
on the definition of new biomarkers and on their large scale
studies.

4. Conclusions

In melanoma patients, still more than other diseases, there is
a need for careful followup, and the question arises whether
biomarkers can be useful in daily practice. So far serum
tumor markers, specific for melanoma, have not routinely
been used. Despite the fact that LDH is the only serum
marker which have been included in the AJCC classification,
we dare to think that S100B appears to be a promising protein
which offers a reliable prognostic value in AJCC stage III and
IV patients.

To a lesser extent because of ill-defined or poorer sensi-
tivity/specificity, CRP, MIA, and Gal-3 can also be considered
as interesting biomarkers. LDH and CRP maintain their
important place in this field because of their easy availability.
Other molecules such as melanin metabolites, cytokines,
metalloproteinase, and adhesion proteins might be useful,
but in any case, their clinical significance should be compared
in prospective trials to other melanoma markers described.

Clinical research should probably now focus on combi-
nation of these molecules and distinguish their prognostic
and predictive value.

Proteomic pattern study and genomic research will surely
yield evidence in the next decade leading to more well-
defined serum indicators of melanoma progression that can
be used for early diagnosis and/or improved and tailored
cancer therapy.
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Although advances in cytotoxic treatments have been obtained in several neoplasias, in metastatic melanoma there was no
drug able to significantly change the natural history of the disease in the last 30 years. In the last decade, translational research
identified important mechanisms in malignant transformation, invasion, and progression. Signaling pathways can be abnormally
activated by oncogenes. The identification of oncogenic mutated kinases implicated in this process provides an opportunity for
new target therapies. The melanoma dependence on BRAF-mutated kinase allowed the development of inhibitors that produced
major responses in clinical trials. This is the beginning of a novel class of drugs in metastatic melanoma; the identification of
the transduction signaling networking and other “druggable” kinases is in active research. In this paper, we discuss the ongoing
research on cellular signaling inhibition, resistance mechanisms, and strategies to overcome treatment failure.

1. Introduction

Malignant skin melanoma is one of the most chemoresistant
and aggressive human neoplasias. In the last 30 years, no cy-
totoxic agent was able to importantly change the natural
history of disease [1]. Several strategies to overcome resist-
ance to cytotoxic agents have been tested, including combi-
nations of drugs [2], cytokines, and vaccination [1]. With
these therapeutic approaches, only a small fraction of the me-
tastatic patients experienced tumour shrinkage, but such
effects did not translate into significant clinical benefits in
terms of progression-free survival or overall survival [1, 3].
Until recently, no predictive marker of response could be
established.

This scenario started to change in the last decade. With
advances in translational research, it was possible to identify
pathways and somatic mutations implicated in the biolo-
gy of the melanoma. The identification and blockade of ab-
normal signaling through the mitogen-activated protein
kinase (MAPK) pathway is the most promising therapeutic
strategy to date. Around 60% of all melanomas express so-
matic mutations in the BRAF protein, and 90% of these

express the oncogenic activating V600E mutation [4]. Vemu-
rafenib, an inhibitor of the V600E BRAF kinase activity, has
produced major responses [5] and showed an overall survival
advantage as single agent against dacarbazine in a recent
phase III trial [6].

Despite the advances, responses are transitory and we
have not yet been able to neither cure nor stabilize the
disease for long periods. Better understanding of tumoral
biology and its adaptations to the therapeutic intervention
continues to be a challenge. Parallel signaling pathways and
the network between them are some of the possible reasons
for treatment resistance and could provide new targets to
drug development. We reviewed the research advances in
signaling pathway inhibition and new strategies to metastatic
melanoma treatment.

2. MAPK Pathway—RAS/RAF/MEK/ERK

The MAPK pathway is frequently mutated in melanoma. It
is involved in cell mutation, differentiation, and survival. In
response to the extracellular signaling a RAS family protein
recruits a RAF family protein to the cell membrane. Active
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RAS signals activate ERK and downstream effectors as shown
in Figure 1. Specifically NRAS and BRAF mutations are high-
ly associated with melanoma [4]. Preclinical results evidenc-
ing cytotoxic effects of the pathway blockage increased the
clinical research interest in this direction [4, 7].

2.1. RAS. Oncogenic mutation in the sequence of the NRAS
protein has been observed in around 15% of the melanomas
[4] leading to protein activation and transduction of survival
and proliferation signals [8, 9]. Preclinical research validated
the RAS protein as a possible target for clinical drug
development [7, 10].

Farnesyl transferase inhibitors are drugs developed to
avoid membrane localization of RAS, preventing its activa-
tion [11]. These drugs have been evaluated across several
neoplasias with disappointing results [12, 13]. In melanoma,
there was only one phase II study where no response was
observed among the 14 patients [14]. The study did not
stratify patients by their NRAS mutation status, which could
explain the absence of response in this cohort of patients.
There is some evidence of synergic mechanisms of farnesyl
transferase inhibitors with cisplatin [15], but this approach
was not clinically tested.

2.2. RAF. Almost 60% of melanomas show a BRAF mutation
[4, 16]. Among these patients, the most common is the
replacement of the glutamic acid by the valine aminoacid in
the position 600, the so-called V600E BRAF mutation [4]. It
accounts for 90% of the mutations of the BRAF gene [4].

V600E BRAF is a frequent mutation in melanoma and is
also commonly found in benign nevi [17]. BRAF mutations
do not seem sufficient to promote malignant transformation,
but may play a role in early stages of carcinogenesis [16,
18–20]. A second oncogenic hit could be necessary: the
interaction of BRAF with PTEN [21], p16 [20], p53 [18],
AKT [22], and UV radiation [23] has already been described.

The first therapeutic approach to block this protein
was the use of multikinase inhibitor sorafenib, which tar-
gets BRAF, CRAF, PDGFRβ, and VEGFR [24]. Sorafenib
was used as monotherapy and combined with cytotoxic
chemotherapy—dacarbazine [25], temozolomide [26], and
carboplatin plus paclitaxel [27]—with negative results. That
contrasts with positive results in renal cell carcinoma [28]
and suggests that melanoma could be specifically more
dependent of the BRAF pathway. Some authors argue that
sorafenib is not an effective BRAF inhibitor in the doses used
in the clinical trials [29].

Vemurafenib, also known as PLX4032, RG7204, or
RO5185436, is potent and specific inhibitor of the V600E
BRAF activity, recently approved for the treatment of
advanced melanoma. In a phase I/II study, after the escalation
dose phase, 32 melanoma patients harboring the V600E
BRAF mutation were included in the twice daily 960 mg
dose regimen to evaluate response rate. An impressive RR of
81% was observed, including 24 partial responses and two
complete responses. Vemurafenib was active even in patients
with multiple lines of treatment, high LDH levels, or visceral
metastasis. The estimated progression-free survival was more
than seven months, and at the time of the publication, the

overall survival had not been reached [5]. Vemurafenib was
tested in a phase III randomized trial against dacarbazine.
Interim analysis for overall survival showed a survival
advantage for vemurafenib with a relative risk reduction of
death of 63% (95% confidence interval [CI], 0.26 to 0.55; P <
0.001). At 6 months, overall survival was 84% (95% CI, 78 to
89) versus 64% (95% CI, 56 to 73), the estimated median
progression-free survival was 5.3 months versus 1.6 months,
and response rate was 48% versus 5% in the vemurafenib
versus the dacarbazine group [6]. Specific BRAF inhibition
had the contradictory side effect of promoting proliferative
skin lesions, arising from wild-type BRAF keratinocytes [30].

A second compound that targets the BRAF mutated
protein is GSK2118436. It is an even more potent inhibitor of
mutated BRAF kinase activity, with a less relevant cutaneous
toxicity profile. One of the particularities of this compound is
its ability to effectively pass the blood brain barrier. In a sub-
group of patients enrolled in the phase I study, a reduction
of the brain metastasis size was observed [31]. GSK 2118436
is under evaluation in a phase II study for the treatment of
patients with brain metastasis [32]. In addition a phase III
study is comparing GSK 2118436 to dacarbazine [33].

2.3. MEK. The MEK kinase is just downstream BRAF in the
signaling pathway. Inhibition of this kinase is postulated as
an interesting target in BRAF mutant melanoma [34], but
not in NRAS [35]. In vitro studies identified higher sensi-
bility of MEK inhibition in cells harboring the BRAF mu-
tation [34]. Results from a phase I clinical trial showed dis-
ease response and stabilization in subgroups of melanoma
patients [36] and the related translational research success-
fully identified the reduction of ERK phosphorylation [37,
38].

MEK inhibitors are under evaluation for the treatment
of metastatic melanoma and have shown moderate activity
in phase I studies [38]. The MEK inhibitor AZD6244 is being
tested alone or in combination with chemotherapy in several
phase II studies [39]. Importantly, not all the studies require
the BRAF mutation as inclusion criteria. The molecule is also
being tested in phase II studies both in combination with
BRAF inhibitors [40] and after failure to BRAF inhibition
[41].

2.4. ERK. Direct ERK inhibition is under investigation in
basic research. An inhibitor of the kinase activity was
synthesized and tested in mouse models of rheumatoid
arthritis [42, 43]. Authors argue that this class of drug could
be used in cancer treatment [43]. However, to date, there are
no published data on ERK inhibition in this setting.

3. PI3K Pathway—PI3K/AKT/PTEN/mTOR

The PI3K pathway is activated by the biding of a ligand to a
receptor tyrosine kinase (RTK) [44]. It interacts with multi-
ple cellular mechanisms of survival, proliferation, mobility,
differentiation, and growth [45]. Alterations in the signaling
pathway can play a role in malignant transformation and in-
vasion [45, 46]. Recently, it was demonstrated that the
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Figure 1: Schematic view of the MAPK and PI3K pathways. Drugs targeting the multiple kinases in the signaling cascades are represented
in blue.

interaction of AKT with the mutated BRAF protein collab-
orates with melanoma development [47]. Several molecules
targeting the signal transduction through this pathway are
currently under development (Figure 1).

3.1. PI3K. Many anticancer therapies rely on apoptosis, and
it has been postulated that the inhibition of PI3K activity
could alter the process. LY294002 was developed as an
inhibitor of PI3K activity. In melanoma cell lines, it effec-
tively induced apoptosis both by itself and in combination
with other drugs [48]. In mice models, the topical use of
LY294002 in combination with a RAS inhibitor inhibited the
melanoma graft invasive behavior and reduced angiogenesis
[49]. The combination was also effective in cell lines [50].

The observation of the strong coexpression of the p110
fraction of the PI3K with the activation of mTOR motivated
the strategy of double blocking those kinases [51]. Several
combinations were tested in preclinical studies [51, 52].

PI3K and mTOR kinases belong to the phosphatidyli-
nositol-3-kinase-related kinase (PIKK) family and share con-
siderable homology in their active site. Inhibitors developed
to block PI3K activity, like LY294002 and wortmannin, are,
therefore, active against both kinases. It is likely that some of
the effects of these compounds could be due not only to PI3K
inhibition but to double blockage of the pathway. Research
is being carried out in order for the small differences in the
active sites to be understood and for specific inhibitors to
be produced [53]. Clinical early-stage studies with double
blocking drugs are recruiting.

3.2. AKT. Copy gains of the AKT3 gene are found in about
60% of melanomas and are correlated with melanoma pro-
gression [54]. The activation of the AKT pathway can sup-
press apoptosis [55].

Perifosine is the first compound inhibiting AKT to reach
phase 2 studies in melanoma. It was administered to 18 mela-

noma patients and resulted in 7 disease stabilizations and 11
progressions after two 28-day cycles of treatment. Authors
concluded that this drug should not be tested as a single
agent [56]. Other compounds like MK-2206 [57, 58], RX-
0201, PBI-05204, and GSK2141795 [59] are in early clinical
development for several types of cancer [60–63].

It has been observed, in preclinical models, a cytotoxic
synergistic effect of the combination of MK-2206 with
other target therapies and conventional chemotherapy [58].
This approach could be particularly promising in malignant
melanomas harboring the BRAF mutation, taking into
account the role played by the interaction of those kinases
in the malignant transformation.

3.3. PTEN. The phosphatase and tensin homolog (PTEN)
is a tumor suppressor gene [64, 65]. Its protein product
inhibits melanoma growth and increases its susceptibility to
apoptosis [66]. The deletion or silencing of PTEN increases
the level of AKT3 phosphorylation in melanocytes and early
stage melanoma cells [67, 68]. Cells lacking PTEN are more
resistant to chemotherapeutic agents and show increased Bcl-
2 activity, being more resistant to apoptosis [69].

In melanoma xenograft models in nude mice, the intro-
duction of PTEN using a plasmid or chromosomal transfer
inhibited tumor development [66]. It was also observed in
breast cancer cell lines resistant to EGFR inhibition and
lacking of PTEN activity that the introduction of the wild-
type gene reverted the resistant phenotype [70]. Approaches
restoring PTEN activity are still being under research at the
basic laboratory setting.

3.4. mTOR. The mammalian target of rapamycin (mTOR)
lays downstream AKT and can regulate its activity by feed-
back mechanisms. mTOR forms at least 2 active complexes
of proteins: mTOR1 and mTOR2, the first of which suppress
and the second activates AKT signalling [71].
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Figure 2: Representation of the resistance mechanisms to the vemurafenib. (a) Vemurafenib causes cell death by inhibiting V600E BRAF
kinase activity and signaling transduction through the MAPK pathway. (b) New mutations in the NRAS causes heterodimerization of
BRAF/CRAF and reactivation of the signaling pathway. (c) and (d) Phosphorylation of ERK independent of RAF stimulation is the result of
the overexpression of COT (c) and of the additional mutation in MEK kinase (d). (e) Overexpression of PDGFRβ can lead to resistance to
vemurafenib treatment independent from the continuous inhibition of the MAPK pathway.

mTOR signalling seems to be active in melanoma cell
lines [72]. In breast cancer, inhibition of mTOR can reverse
the trastuzumab resistance phenotype [73]. As a single-agent
treatment, inhibition mTOR shows low activity and no clin-
ical benefit against metastatic melanoma [74]. mTOR block-
ing is being tested in preclinical research in combination
with heat shock protein vaccines [75] and MAPK inhibitors
[71, 76].

Several derivatives of rapamycin targeting the mTOR1
complex are available and in clinical research. A number of
phase I and -II studies testing the combination of everolimus
and temsirolimus with conventional cytotoxic therapies are
currently being carried out [77].

4. C-Kit Receptor

C-Kit belongs to the family of growth factors receptors. It is
an RTK related to the process of melanocyte cell migration in
embryogenesis [78]. It also plays a role in hematopoietic and
germ cell homeostasis [79, 80]. Pathogenic activation of kit
is observed in a number of solid tumors, such as seminoma
[81], GIST [82], and thymic carcinoma [83].

A subset of melanomas (2 to 5%) also presents an
amplification or mutation in c-Kit. It is more frequent in

non-sun-exposed areas, such as in the mucous and acral
melanomas subtypes, although it can be found in chronically
sun-damaged skin areas [84, 85]. Most Kit mutations in
melanomas are in the juxtamembrane region [86], which
predicts responsiveness to imatinib mesylate, an inhibitor of
tyrosine kinase activity [87].

Several case reports evidenced objective response of c-
kit mutated melanoma to the use of imatinib [88–91]. This
observation was also confirmed in cell-line studies [92].
When tested in phase II studies, discordant and disap-
pointing negative results were obtained in three different
trials [93–95]. The possible explanation to this finding is
the relatively low dependence of the survival stimuli of c-
Kit signaling or the need for a more specific and potent
c-kit blocker. Different c-kit blockers are now in clinical
development, and results from these trials may help answer
these questions [96].

5. Resistance Mechanisms to BRAF Inhibition

Inhibition of the mutated BRAF protein is the target therapy
in more advanced clinical development. Even if most of
patients responded to initial therapy, all of them would
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eventually relapse. The mechanisms related to resistance to
BRAF inhibition are under intensive research. Reactivation
of the MAPK pathway seems to be involved in the majority
of the cases but signaling transduction by parallel pathway
was also identified [97–99] (Figure 2).

The RAS protein is upstream from RAF. Activation of the
MAPK pathway occurs as a result of the dimerization of RAF
proteins (ARAF, BRAF, and CRAF) by the RAS stimuli. BRAF
wild-type cells are resistant to BRAF inhibition because the
biding of the drug to one dimmer causes the activation
of the other [100–102]. In BRAF-mutated cells, the high
activity of this kinase possibly causes a negative feedback
in the RAS kinase [101], so the RAF dimerization in this
population of cells is low, and the treatment is effective. In
primary melanoma, mutations in RAS and RAF are mutually
exclusive [4], but after vemurafenib treatment failure, it was
identified a new mutation in the NRAS kinase, causing the
reactivation of the MAPK pathway and disease progression
[99] (Figure 2(b)). Experiments in cell lines overexpressing
CRAF also showed resistance to vemurafenib effects [97].

Resistance can also rise from the activation of ERK
independent of RAF signaling. The MAPK agonist gene
MAPK8 codes for the protein COT. Overexpression of COT
was detected in a subset of patients after failure to BRAF
inhibition. This kinase can phosphorylate MEK and ERK
in a RAF-independent way and mediate resistance to vemu-
rafenib [97] (Figure 2(c)). Another resistance mechanism by
the reactivation of the MAPK pathway is the acquisition
or de novo activating mutation in the MEK protein [98]
(Figure 2(d)).

PDGFRβ overexpression was observed in a subset of cell
lines resistant to vemurafenib. These cells were resistant to
the antiproliferative effects of BRAF V600E inhibition despite
sustained low ERK phosphorylation levels (Figure 2(e)). This
observation was validated in a subgroup of patients [99].

New mutations in the BRAF protein confer resistance to
its inhibition in cell lines [103], but to date it could not be
identified in patients’ biopsies.

6. Overcoming Resistance

As reactivation of the MAPK pathway seems to be involved in
most of acquired resistance cases from BRAF inhibition [97–
99], downstream blocking seems like a promising strategy.
There are now several studies testing MEK inhibition in
metastatic upfront and after anti-BRAF treatment failure.
Concomitant or sequential inhibition of RAF and MEK may
also be useful for such patients. Another strategy could be
the development of double inhibition of BRAF and CRAF.
Resistance arising from activation of COT or PDGFRβ could
be targeted by the combination of inhibitors of these proteins
with maintenance RAF inhibitors.

Due to the variety of the resistance mechanisms, there is
not a single strategy that will fit all patients. In the context of
personalized therapy, tumor profiling is of major importance
in different moments of the disease course. Only by the
sequential analysis of the tumor molecular profile, can one
identify the best target at the best moment for each specific
patient.

Progress in melanoma treatment provides researchers
with a unique opportunity to development novel therapeutic
strategies. Laboratory resistance cell models coupled with
the accessibility of melanoma skin tumours to sequential
biopsies provides a research strategy that will lead to a better
understanding of drug resistance mechanisms and improve
clinical care.

7. Conclusion

Understanding the biology of the melanoma has been crucial
for the development of new therapies. The observation of the
dependence of the MAPK pathway for tumor survival boost-
ed the research of methods for interfering with tumor cell sig-
nalization. Several compounds blocking multiple levels of the
signaling pathways are being actively researched. The V600E
BRAF inhibitor, vemurafenib, is now an approved agent for
the treatment of advanced melanoma.

However, these advances are only available to around
60% of the patients, that is, those who have the BRAF mu-
tation, and even in these patients the responses are transitory.
For those not presenting this mutation, finding another
target is urgent. Approaches like immunotherapy and vac-
cination are under development with promising results,
but, again, only a small fraction of the patients respond
to treatment (∼10%) [104], and there are no available
predictive markers of response.

Sequential biopsy and molecular profiling are important
tools in cancer care and research. It allows us to understand
the disease progression and its resistance mechanisms and to
choose the most appropriate treatment strategy. Personalized
molecular therapy is already a reality in malignant skin mela-
noma. The combination of kinase inhibition with con-
ventional cytotoxic chemotherapy, with immunotherapy or
multiple kinase inhibitions guided by the tumor molec-
ular profile will provide new strategies for personalized
melanoma treatment.
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During malignant melanoma (MM) progression including incipient metastasis, neoplastic cells follow some specific migration
paths inside the skin. In particular, they progress along the dermoepidermal basement membrane, the hair follicles, the sweat
gland apparatus, nerves, and the near perivascular space. These features evoke the thigmotropism phenomenon defined as a
contact-sensing growth of cells. This process is likely connected to modulation in cell tensegrity (control of the cell shape). These
specifically located paucicellular aggregates of MM cells do not appear to be involved in the tumorigenic growth phase, but rather
they participate in the so-called “accretive” growth model. These MM cell collections are often part of the primary neoplasm, but
they may, however, correspond to MM micrometastases and predict further local overt metastasis spread.

1. Introduction

Cancer remains one of the most complex diseases and,
despite the impressive advances made in molecular and cell
biology, how cancer cells progress through cancerogenesis
and give rise to metastasis remains unsettled. Cancerogenesis
is a dynamic process that depends on a large number of
variables and is regulated at multiple spatial and temporal
scales [1]. The model of skin malignant melanoma (MM)
progression leading to tumorigenesis begins with a critical
step of malignancy corresponding to clonal generation of
cells capable of initiating a vertical growth phase [2]. Some
of these cells lead to advanced MM competent for metastasis.
The most aggressive clones clearly exhibit a growth advantage
over other cells [3–9] associated or not with selective ad-
vantages including migration [8–11]. This latter attribute of
MM cells has rarely been scrutinized in the literature.

A broad range of eukaryotic cells adjust their growth
direction according to physical and topographic attributes
of the surrounding environment [12–19]. The ability to
sense and respond to physical aspects of the organized
supporting substrate is indeed an adaptation of a large
number of tip growing cells living on and within solid
substrates. Such tropism behavior is known variously as
thigmotropism, contact-sensing growth, touch-sensitive

response, or contour guidance. Typical examples include
plant roots that reversibly rotate the root apex or achieve
the circumnavigation of obstacles while growing in soil
[15, 16]. Fungal growth is similarly under the influence of
thigmotropism [17, 18]. Another example is provided by
the guided growth of embryo axonal or dendritic processes
within solid embryonic or regenerating tissues to achieve the
innervation of specific sites [12, 19].

It is likely that some specific molecular components play
a part in directing cell growth [20]. When the cell contacts
an inductive surface, stretching of the cell membrane may
occur, during which channels open allowing efflux or influx
of specific ions such as Ca2+ [21, 22]. As a result the
ion concentrations are modulated in the cytoplasm. This
process may activate a cascade of events producing a response
including the cell shape control (cell tensegrity) [23] and/or
thigmotropic differentiation.

Cancerogenesis involves three successive steps, namely,
the initiation, promotion, and progression phases [24]. In
MM, we frame as an hypothesis that cell migration, thig-
motropism, and tensegrity are involved and linked at least in
part to tumor progression and cell migration. Cell mobility
and migration in combination with cell proliferation are
operative in both the primary lesion and in the metastatic
spread [4, 7–11, 25–27]. The morphologic plasticity reflected
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by MM cell tensegrity is probably closely associated as well
[28].

2. Migration Paths and Contact-Sensing
Progression of MM Cells

MM cells are in essence capable of migration in a variety
of directions. At the dermo-epidermal junction, and along
hair follicles and sweat ducts, the process contributes to
the formation of nests in an accretive pattern [29]. An
outward transepidermal migration involves single pagetoid
and/or nested MM cells. The invasive pattern of MM involves
both the intradermal progression of the primary neoplasm
and the micrometastatic spread. At that stage, MM cells
may be found scattered in the dermis or adjacent to ves-
sels (angiotropism, extravascular migration) or nerves (neu-
rotropism).

These characteristic features probably result from molec-
ular and microstructural determinants. They are in nature
either genetic (gene mutation, deletion, amplification, or
translocation) or epigenetic (a heritable change other than
in the DNA sequence, generally transcriptional modulation
by DNA methylation and/or by chromatin alterations such
as histone modification) [11]. Abutted to MM, there must
be an adaptive landscape allowing neoplastic cells to adapt
to specific microenvironmental selection forces [30]. MM
cells must surmount several microenvironmental prolifer-
ation barriers. Somatic progression of invasive MM could
represent a sequence of phenotypical adaptations to these
barriers [14].

During MM progression, different molecular mecha-
nisms are distinctly involved. Changes in cell adhesion
molecules are frequently present [31–38]. Secretion of met-
alloproteinases and their inhibitors is involved as well [8,
39]. In addition, macromolecules of the extracellular matrix
(ECM) may be more abundant and possibly produced
by MM cells [40–50]. A biomechanical hypothesis was
offered to explain the MM radical growth phase involving
intercellular/stromal connections [51]. A long wavelength
instability is present at the MM front during the early steps
of MM invasion [51].

The concept of MM thigmotropism encompasses the mi-
gration path along the dermo-epidermal and adnexial
basement membranes, as well as the extravascular and
(peri)neural spreads. The involvement of MM stem cells in
the thigmotropic process is unknown. The scattered intraepi-
dermal and intradermal spread do not follow structured
anatomical supports and thus do not meet the definition of
thigmotropism. The possible intervention of immune cells in
directing thigmotropism is unsettled.

In incipient MM, neoplastic cells usually migrate first
along the basement membrane with focal nest formation.
Such pattern of progression is called atypical melanocytic
hyperplasia. Suprabasal tumor-cell spread in a pagetoid pat-
tern is another characteristic feature commonly found in
superficial spreading MM. Thus, this neoplasm exhibits a
radial growth phase characterized by the presence of severely
atypical melanocytes at and above the dermo-epidermal

junction from where they are scattered throughout the
epidermis [51]. These MM cells commonly have an abundant
dusky granular cytoplasm and large pleomorphic and hyper-
chromatic nuclei. Asymmetry, irregular nesting with cellular
discohesion, mitoses, and a prominent band-like lympho-
cytic infiltrate are present as well. Immunohistochemistry
using a panel of markers including S100 protein, HMB45,
NKiC3, melan A/MART1, and tyrosinase help in diagnosing
MM with confidence [4]. Occasionally MM show posi-
tive immunolabeling for the epithelial membrane antigen
(EMA), and metastatic MM may show positive staining with
polyclonal antibody to carcinoembryonic antigen (CEA).

3. MM Progression and Incipient
Micrometastasis

The MM cell migration potential and the progression to the
fully metastatic cell are complex. Cell adhesion is believed
to play a crucial role in two areas. First, there must be a
loss of adhesion between MM cells at the primary site to
enable individual cells to break free and metastasize. Second,
there must be adhesion between some of these MM cells and
the vascular or lymphatic endothelium and other structures
where the metastasis follows its migration path and is to
become established. Loss of a mediator of tumor cell-cell
interaction or acquisition of a mediator of tumor cell-en-
dothelial cell interaction may therefore be advantageous to
the potentially metastatic MM cell.

Some aspects of MM thigmotropism represent a facet of
the progressive extension of the primary neoplasm. However,
the perivascular spread releases some MM cell aggregates
that are no more in continuity with the main bulk of
the primary lesion. They are viewed as micrometastases.
Theoretically, such aspect may result from two processes. On
the one hand, these microaggregates of MM cells may result
from their migration after leaving their primary location.
This step requires that the MM cells are able to actively
uncouple themselves from neighbouring cells and survive
without the regular cell-to-cell interactions. On the other
hand, they may represent a residual structure left in place
after apoptotic regression of other malignant cells initially
forming a continuous chain connected to the primary
MM, hence being part of it without representing metastatic
deposits. The small groups of clustered surviving cells could
then be viewed as the expression of survival privilege perhaps
related to the MM stem cell status [7, 9].

4. Tropism along Dermoepithelial Junctions

The presence of an increased number of slightly to severely
atypical melanocytes arrayed as solitary cells or clustered
along the dermo-epidermal junction is an established his-
tologic criteria for the diagnosis of atypical melanocytic hy-
perplasia or incipient MM. The same process occurs at the
outer boundaries of the adnexal epithelia. These descriptive
patterns probably result from a peculiar aspect of thig-
motropic MM progression abutted to and restricted to the
dermoepithelial basement membrane zone.
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The intervention of specific adhesion molecules, par-
ticularly integrin subunits, is likely operative. Integrins are
cell surface proteins that mediate cell-extracellular matrix
adhesion as well as cell-cell adhesion. The transmembrane
cell surface integrins are heterodimers composed of two
different subunits. The extracellular part forms the ligand-
binding site, the intracellular portion is bound to the cy-
toskeleton. Thus, it is presumed that integrins form a link
between the cytoskeleton and ECM components influencing
cell tensegrity and migration as well as tumor growth and
progression. In particular, MM cells show increased α3 β1
integrin expression associated with enhanced invasiveness,
migration, and metastatic potential.

5. Angiotropic Melanoma

In rare instances, MM cells are recognized inside lymphatic
or blood cells. This finding does not, however, predict the
development of distant overt metastases. Even more rarely,
micrometastases are stuck inside vessel walls. This likely
represents a specific metastatic homing. A more common
finding is the extravascular migratory path for metastatic
MM cells [52–55]. Such migration occurs in close contact
with the outer aspect of vessels, inside an amorphous matrix
enriched in basement membrane constituents, particularly
type IV collagen, laminin tenascin, and fibronectin [50, 56–
58]. Such a structure has been called the angiotumoral
complex. Adhesion, proliferation, and migration rate of MM
cells are increased due to these stromal components. Human
endothelial cells represent a boundary during the invasion
and extravasation of MM cells. The α3 integrin receptor
is present on endothelial cells. Adhesion of MM cells to
endothelial cells plays an important role in the metastatic
process. In culture, a low integrin expression rate was
reported to correlate with low adhesion capacity to the ex-
tracellular matrix components and with a weak cell migra-
tion rate [56].

The extracellular migratory MM metastases may be as-
sociated with angiogenic fast-growing MM [46, 59]. An-
giotropism is regarded as a predictor for local recurrence and
in-transit metastasis [60].

6. Neurotropic Melanoma

The desmoplastic and neurotropic MM patterns often occur
together in the same neoplasm [61–63]. The neurotropic
features of the neoplasm are regarded as a crucial clue to the
diagnosis of desmoplastic MM. Neurotropic thigmotropism
is regarded as part of the invasive progression of the primary
MM rather than a step in the metastatic process. The
neurotropic thigmotropism appears to be associated with
specific markers of the neural crest [64, 65].

7. Thigmotropism and Metastatic Homing

Metastases may, in some instance, remain limited to a
single organ or tissue. Common restricted sites include cu-
taneous metastases. The MM metastatic homing within

the skin is presumably directed, at least in part, by the
thigmotropic migration, particularly in the angiotumoral
complex, allowing a radial intradermal dissemination of
small size metastases. The reason(s) for stopping the thig-
motropic migration and initiating the growth of a metastasis
remain(s) unsettled. At that stage, metastases have acquired a
compelling growth preference over the surrounding tissues.
Once cells separate from the primary MM, they must be
functionally autonomous. This requires adaptations to main-
tain continued growth such as the production of autocrine
growth factors and other cellular adaptations promoting
continued survival apart from the primary MM. This feature
could correspond to the conversion of slow-proliferating
stem cells to the amplification high rate proliferating cells. A
concurrent or subsequent stage is characterized by a possible
exuberance of blood vascular angiogenesis.

8. Conclusion

Much of the current research in MM therapy is directed
at the mechanisms of metastasis, making knowledge of the
intricacies of this process pertinent. Metastasis is frequently
a subject that conjures up feelings of bewilderment, uncer-
tainty, and confusion. Migration of MM cells along specific
skin anatomical structures is a common feature similar to
the thigmotropic phenomenon in general biology. It is part
of the progression of the primary neoplasm and to the
initial steps of micrometastasis production. The molecular
mechanisms involved in MM cell migration contribute to a
directed thigmotropic progression along specific cutaneous
structures. Such features might represent objectives of future
targeted therapies. It remains that studies seeking a correla-
tion between adhesion molecule expression and metastatic
behaviour have yielded conflicting results.

Obviously, some invasive malignant melanomas are lack-
ing competence for metastasis and the disease-free interval is
much prolonged. The microstaging of patients with MM fails
in such instance to distinguish groups of patients at low and
high risk of metastasis.
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sity Hospital of Liège. No other sources of funding were used
to assist in the preparation of this paper. The authors have no
conflicts of interest that are directly relevant to the content
of this paper. The authors appreciate the excellent secretarial
assistance of Mrs. Ida Leclercq.

References

[1] F. Grizzi, A. Di Ieva, C. Russo et al., “Cancer initiation and
progression: an unsimplifiable complexity,” Theoretical Biol-
ogy and Medical Modelling, vol. 3, article 37, 2006.

[2] W. H. Clark, D. E. Elder, D. Guerry et al., “Model predicting
survival in stage I melanoma based on tumor progression,”
Journal of the National Cancer Institute, vol. 81, no. 24, pp.
1893–1904, 1989.



4 Dermatology Research and Practice

[3] G. E. Piérard, C. Piérard-Franchimont, C. Henry, and M.
Lapière, “The proliferative activity of cells of malignant mel-
anomas,” American Journal of Dermatopathology, vol. 6, no. 1,
pp. 317–323, 1984.

[4] P. Quatresooz, J. E. Arrese, C. Pierard-Franchimont, and G.
E. Pierard, “Immunohistochemical aid at risk stratification
of melanocytic neoplasms,” International Journal of Oncology,
vol. 24, no. 1, pp. 211–216, 2004.

[5] M. G. Attis and R. T. Vollmer, “Mitotic rate in melanoma: a
reexamination,” American Journal of Clinical Pathology, vol.
127, no. 3, pp. 380–384, 2007.

[6] P. Vereecken, M. Laporte, and M. Heenen, “Significance of cell
kinetic parameters in the prognosis of malignant melanoma:
a review,” Journal of Cutaneous Pathology, vol. 34, no. 2, pp.
139–145, 2007.

[7] P. Quatresooz, G. E. Pierard, C. Pierard-Franchimont et al.,
“Molecular pathways supporting the proliferation staging
of malignant melanoma (Review),” International Journal of
Molecular Medicine, vol. 24, no. 3, pp. 295–301, 2009.

[8] S. Meierjohann, A. Hufnagel, E. Wende et al., “MMP13 medi-
ates cell cycle progression in melanocytes and melanoma cells:
in vitro studies of migration and proliferation,” Molecular
Cancer, vol. 28, pp. 201–209, 2010.

[9] P. Quatresooz and G. E. Piérard, “Malignant melanoma: from
cell kinetics to micrometastases,” American Journal of Clinical
Dermatology, vol. 12, no. 2, pp. 77–86, 2011.

[10] K. S. Hoek, N. C. Schlegel, P. Brafford et al., “Metastatic
potential of melanomas defined by specific gene expression
profiles with no BRAF signature,” Pigment Cell Research, vol.
19, no. 4, pp. 290–302, 2006.

[11] D. C. Bennett, “How to make a melanoma: What do we know
of the primary clonal events?” Pigment Cell and Melanoma
Research, vol. 21, no. 1, pp. 27–38, 2008.

[12] P. Clark, P. Connolly, and A. S. G. Curtis, “Topographical
control of cell behaviour. I. Simple step cues,” Development,
vol. 99, no. 3, pp. 439–448, 1987.

[13] T. H. S. Perera, D. W. Gregory, D. Marshall, and N. A. R. Gow,
“Contact-sensing by hyphae of dermatophytic and sapro-
phytic fungi,” Journal of Medical and Veterinary Mycology, vol.
35, no. 4, pp. 289–293, 1997.

[14] T. L. Vincent and R. A. Gatenby, “An evolutionary model
for initiation, promotion and progression in carcinogenesis,”
International Journal of Oncology, vol. 32, no. 4, pp. 729–737,
2008.

[15] F. Migliaccio, S. Piconese, and G. Tronelli, “The right-
handed slanting of Arabidopsis thaliana roots is due to the
combined effects of positive gravitropism, circumnutation
and thigmotropism,” Journal of Gravitational Physiology, vol.
7, no. 3, pp. 1–6, 2000.

[16] C. A. Esmon, U. V. Pedmale, and E. Liscum, “Plant tropisms:
providing the power of movement to a sessile organism,”
International Journal of Developmental Biology, vol. 49, no. 5-6,
pp. 665–674, 2005.

[17] A. Brand, S. Shanks, V. M. S. Duncan, M. Yang, K. Mackenzie,
and N. A. R. Gow, “Hyphal orientation of Candida albicans
is regulated by a calcium-dependent mechanism,” Current
Biology, vol. 17, no. 4, pp. 347–352, 2007.

[18] G. E. Piérard, C. Piérard-Franchimont, and P. Quatresooz,
“Fungal thigmotropism in onychomycosis and in a clear
hydrogel pad model,” Dermatology, vol. 215, no. 2, pp. 107–
113, 2007.

[19] P. Clark, P. Connolly, A. S. G. Curtis, J. A. T. Dow, and C.
D. W. Wilkinson, “Topographical control of cell behaviour: II.

multiple grooved substrata,” Development, vol. 108, no. 4, pp.
635–644, 1990.
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Gérald E. Piérard, Claudine Piérard-Franchimont,
Marie-Annick Reginster, and Pascale Quatresooz

Department of Dermatopathology, University Hospital of Liège, 4000 Liège, Belgium
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The fund of knowledge regarding the versatility of presentation of MM metastases is still quite incomplete. The recent literature
pertaining to the current understanding of the mechanisms underlying two special features of MM metastasis is reviewed. On
the one hand, a long disease-free interval (MM dormancy) may occur before the surge of overt metastases. On the other hand,
the so-called MM smouldering phenomenon refers to the condition where regional metastases wax and wane for long periods
of time on restricted skin regions. It is important to emphasize that local micrometastases often predict sentinel lymph node
involvement but may not reflect progression of the primary MM to full-blown visceral metastatic competence. It is likely that
a combination of factors impacts the versatile MM metastasic progression. Among the main factors, one has to mention the
phenotypic heterogeneity and variability in the phenotype of MM cells, the presence of MM stem cells and MM cells engaged in an
amplification proliferation pool, as well as the host immune response, and possibly the induction of a particular stromal structure
and vascularity.

1. Introduction

Limitations in the understanding of the biologic versatility
of malignancies including malignant melanoma (MM) have
resulted in different definitions of even their most funda-
mental terms [1, 2]. In spite of semantic quandaries, MM
is regarded as a single or mixed population of abnormal
melanocytes demonstrating temporally unrestricted growth
preference over the normal cell contingent. MM progression
corresponds to sequential focal changes in the neoplastic cell
population. These events are present from tumor induction
to full blown MM including metastasis. This condition is
accompanied by growth disorganisation and frequent cyto-
logic atypia. The neoplastic melanocytes invade surrounding
tissues, and some are prone to metastasize at distant sites.
This process leads to a series of qualitatively different tumoral
deposits.

The evolution of MM metastases is typically the result
of tumor progression and their aspects are related to (a) the

malignant cell proliferation kinetics, (b) the antigenic dif-
ferentiation of the cell molecular components, and (c) the
release of growth factors influencing the peritumoral stroma
including vascularization.

2. MM Growth Rate and MM Stem Cells

On clinical ground, several groups of patients may be
identifiable according to the MM evolution. A first group
encompasses primary MM remaining localized for months
or years (slow growing MM). A second group is formed by
MM growing rapidly in a matter of weeks (fast growing MM)
[3]. A third group is formed by completely regressed primary
MM leaving regional metastases (orphan metastases).

On histopathologic ground, the MM growth rate is
related to the proliferative activity of its cells. The mitotic
rate [4, 5], the S-phase index [6] and the growth fraction
represented by the MIB/Ki-67 index [3, 7–11] are distinct but
somewhat correlated parameters. Globally, a high prolifera-
tive activity in the primary MM irrespective of its thickness
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predicts early metastases to the regional lymph nodes and
beyond [6–8].

The numeration of mitotic figures, being either below
or above 1/mm2, is advocated by the American Joint Com-
mittee on Cancer (AJCC) group [5]. Unless using historne
immunohistochemistry, some mitotic figures may be diffi-
cult to identify with confidence, and they may be confused
with apoptotic nuclei. Another problem is linked to the
precise areas to be considered in the evaluation. The difficulty
is more prominent in thin MM with jagged borders. The
percentage of Ki67+ nuclei show a much larger range of
values among MM, and thus it is more easy to handle for
discriminating the high and the low risk MM [10, 12].

The balance between cell proliferation and apoptosis is
of paramount importance in the determination of the MM
tumorigenic potential [13]. The proliferative activity of MM
is in part regulated by its tumor vascularity [3, 13–15]. The
influence of the nonvascular extracellular matrix on MM
progression should not be neglected [16, 17].

The putative role of MM stem cells is increasingly
recognized in the primary MM and its metastases [18–
22]. In general, the antigenic patterns inside primary MM
are variable and heterogeneous [12]. Some markers of
melanocytic stem cells including CD166, CD133, and nestin
are present in MM [20]. Such immunoreactivity likely
corresponds to genetic pathways instrumental to stem cell
biology. Interestingly enough, MM stem cells have a slow
proliferative rate. Thus, they may remain silent for very
long periods of time before initiating an amplification
proliferative pool of MM cells revealing overt metastases
[3, 11].

3. MM Progression and the Host

MM originating from the skin and subsequently releasing
metastases exhibits some pathologic attributes in relation
to the host. In its early stage of evolution the neoplasm
does not set up any effective and complete immunologic
rejection by the host, otherwise any incipient MM would
be readily destroyed. In fact, the MM cell phenotype is
typically heterogeneous [12] although it looks uniform at
the standard histopathologic examination. With progression
of the neoplasm, any mutant MM cell deprived from the
innate ability to survive and escape the host defences would
be readily destroyed. This process is responsible for partial
MM regression which is so frequent in superficial spreading
MM, occurring either spontaneously or induced by various
forms of immunotherapies [23].

The process of metastasis consists of a series of linked,
sequential steps. Although some of the steps in this process
contain stochastic elements, metastasis as a whole favors the
survival and growth of a few subpopulations of cells that
preexist within the primary neoplasm. Metastases may have
a clonal origin, and different metastases possibly originate
from the proliferation of few cells. The outcome of metastasis
depends on the interaction of metastatic cells with various
host factors. Organ-specific metastases have been demon-
strated in a variety of neoplasms and may be specific to a
particular site within a given organ. Clonal analysis of human

MM revealed that these neoplasms were heterogeneous for
metastatic properties and that growth in the environment
of specific organs is selective. These findings suggest that
systemic physiologic signals are potentially recognized by
neoplastic cells, presumably by mechanisms similar to those
shared by their normal cell counterparts.

A fundamental prerequisite for MM metastases resides
in the ability of MM cells to dissociate from the primary
MM and to breach a series of sequential structural and
functional barriers. The progression of any primary MM
and its metastases has to be adaptable to distinct and
variable environments in order to survive. In all likelihood,
a natural selection of MM cell phenotypes occurs during
MM invasion. The same feature operates in every collection
of metastatic MM cells lodging at different body sites [24].
Indeed, the local immune mechanisms may detect and
destroy some metastatic cells. Meanwhile, other metastatic
cells without the same attributes survive. Just as the primary
MM is likely polyclonal, so are the metastases [1].

Any local recurrence at the site of the primary MM
rarely develops simultaneously with disseminated disease.
MM metastases commonly involve body sites where other
cancer metastases are collected, namely the skin, lymph
nodes, and lungs.

The host defences do not apparently achieve the same
efficacy in every tissue. Therefore, it comes about that selec-
tive survival of MM cells is possible in some restricted organs
and tissues. In addition, the host defences may be altered
by immunosuppression [25]. An alternative possibility relies
on the nature of the stroma where metastatic cells are stuck.
Indeed, the stroma abutted to the primary MM exhibits a
peculiar composition [16, 17] that may favor or be necessary
for the neoplastic survival and growth. If these conditions are
not met at the final destination of the metastatic cells, they
may fail to develop overt metastasis.

In a global perspective, the induction of a local microme-
tastatic process does not ineluctably lead to overt metastases
at distance. Indeed, at the onset, the micrometastasis may
be destroyed, remain quiescent even for years, or may grow
under a positive proliferation-apoptosis balance. Typically,
the fate of metastatic MM cells varies in time. Even after a
long period of quiescence, overt metastasis may appear [25].
They may alternatively enter a spontaneous regression phase.
In some instances, metastases appear in crops, and they grow
in concert as if they were synchronized by a systemic control.
In these instances, their sizes are rather similar at any time in
their evolution. In other circumstances, metastases appear to
grow independently each other. At the extreme, some grow
while others regress in the same time. This feature has been
called the MM smouldering phenomenon [26].

4. MM Microsatellites

Metastasis is defined as a malignant neoplasm arising from
a primary or metastatic malignancy without remaining no
longer in contiguity with the initial tumor. In the early step
of evolution, MM lesions lack competence for metastasis.
Indeed, selected metastatic steps depend on (a) the rate of cell
production in the primary neoplasm, (b) the number of cells
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Figure 1: Example of DNA flow cytometry in a MM metastasis showing a variable content in cell DNA.

migrating away from the primary site, (c) the number of cells
entering a venule or a terminal lymphatic, (d) the number
of cells surviving in the blood or lymph vascular pathway,
(e) the number of cells escaping from vascular pathway,
and (f) the number of cells surviving and replicating at the
metastatic site. Any step in the metastatic pathway must
ultimately be related, in some way, to the rate of production
of the cells in the primary MM [1, 4, 9, 10].

Presence of MM microsatellites is associated with
increased overt locoregional metastases [27–30]. It may
represent a significant negative predictor for relapse-free
survival. By contrast, microsatellites were variably reported
to decrease [28] or not [30] the overall survival. MM
microsatellites appear to be intimately tied to other markers
of MM aggressiveness. This concept was raised for intra-
dermal metastases greater than 0.05 mm in diameter [27].
With the introduction of immunohistochemistry, smaller
lesions were possibly identified down to single cell MM
micrometastases [29]. Flow cytometry searching for DNA
content in MM metastases reaching a millimetric volume
variably reveals the presence of a combination of diploid,
tetraploid, and various other polyploid cells (Figure 1).

A fundamental understanding of mechanisms involved
in MM metastasis has been improved over the past two
decades. Several migration paths for MM micrometastases
were identified in the skin. These cells may be found inside
some vessel lumina [31], inserted within vessel walls [32–34],
abutted to the outer portion of endothelial cells [14, 35–39],
and dispersed inside the stroma [14, 29].

By definition, cells in a distant metastatic site have full
metastatic competence. Consequently, it seems likely that

metastasis from metastasis is a routine event in neoplastic
biology. However, the role of the stroma hosting MM metas-
tasis is not harmless because a cardinal property of a
malignancy is the ability to grow in the mesenchyme at
the primary and secondary sites. Indeed, the premetastatic
mesenchyme is noticeably different from the normal. When
neoplastic progression is active, MM lesions have both a
neoplastic parenchyme and a neoplastic mesenchyme.

As the mesenchyme of the distant site is unprepared and
may require a long period of neoplastic adaptation prior
to significant growth. Thus, metastases may be limited to
a single organ or tissue for a certain period of time. Such
patterns of spread may reflect the existence of cells only
capable of growth in the mesenchyme specific to a given
organ or tissue. Common restricted pathways include skin
metastases.

An eventual lack of metastasis could be explained by a
subset of tumors capable of growth in the stroma at the
primary site, but incapable of completion of any step in a
metastatic pathway, except for invasion and some motility in
the dermis. According to such hypothesis invasiveness and
metastatic development would not be acquired in concert,
but as successive cell adaptations.

5. Smouldering MM

The interrelations between the host and MM cells are under
the influence of a vast array of factors. These events are
probably not static, but result from a continuous fluctuating
balance between two living systems engaged in natural
selection. The changes in time of the combination of different
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cell processes including MM and its microenvironment may
lead to a condition named smouldering MM.

The concept of smouldering MM was raised after an
extensive study of MM over more than 20 years, emphasizing
the way by which established metastatic disease may vary
in its evolution [17]. The seminal paper described the
smouldering MM phenomenon as metastases appearing
and disappearing on the same body region over a period
of months or years. The metastases wax and wane in an
apparently haphazard manner, usually reaching at the most
the size of a pea or a bean.

The smouldering MM phenomenon contrasts with the
more common synchronized burst of metastatic crops. This
latter condition has been particularly observed following
excision of a primary MM at a time when the metastatic
diseases remained undisclosed. The smouldering MM high-
lights the fact that tumor progression is not ineluctable.
Indeed, the net directionality of MM metastasis early in
tumor progression may be toward growth or regression. This
may be due to the apoptosis prevalence over proliferation,
the versatility of antitumoral immunity, the lack of stromal
receptivity, and any defect in angiogenesis. Of note, smoul-
dering inflammation in the neoplasm microenvironment
promotes proliferation and survival of malignant cells,
angiogenesis, metastasis, subversion of adaptive immunity,
as well as response to hormones, and chemotherapeutic
agents [40]. This multifaceted process possibly ends in a
programmed pathway of apoptosis and necrosis.

The smouldering MM phenomenon probably involves a
combination of distinct cell properties related to site-specific
MM cell growth, site-specific adhesion molecules, site-
specific metastatic cell invasion, and site-specific regulation
of metastatic cell growth and regression. Novel concepts
regarding early seeding of metastases coupled to parallel
progression, self-seeding of primary tumors by circulating
neoplastic cells, and the induction of premetastatic niches
in distant organs by primary cancers have come to the fore
[41]. Such complex features have been compared to the
development of plant selling [38]. Although many metastatic
neoplasms are able to colonize a wide variety of tissues,
the smouldering MM phenomenon frequently and almost
exclusively occurs in the skin area between the primary MM
and the first group of drainage lymph nodes. Hence, there
are regional influences in the metastatic colony formation
ruling the MM smouldering diseases. The metastatic process
appears to be in a cleft stick.

6. MM Dormancy

Any unusually long latency period between the primary
MM treatment and metastatic occurrence corresponds to a
clinically disease-free condition. It is commonly thought to
represent clinical MM dormancy. The relationship between
such condition and the cause of MM cell dormancy is
complex and probably multifactorial [42]. The process is not
stable and may lead to relapse [43].

Tumoral dormancy and autophagy may be in part
correlated. Autophagy is a homeostatic and catabolic process
that enables the sequestration and lysosomal degradation

of cytoplasmic organelles and proteins. Such process is im-
portant for the maintenance of genomic stability and cell
survival. Autophagy is a mechanism of stress tolerance that
maintains cell viability and possibly leads to tumor dor-
mancy, progression, and therapeutic resistance [44].

Delay of MM metastases is a manifestation suggesting
a host defence mechanism or a peculiar nature of non-
proliferative MM cells possibly involving MM stem cells.
Globally about 40% of patients who develop MM metastases
do so more than 5 years after primary treatment. A typical
example is the appearance of metastases in the liver, many
years after removal of the eye affected by intraocular MM.
The disease-free interval before metastases may be as long
as 25 years. When metastases from uveal MM develop, they
almost always appear first in the liver and often are found
only in the liver. This strong tendency to involve the liver
early in the course of the disease is not explained on the basis
of any anatomic or physiologic factors. The reasons for the
long interval from primary treatment to metastases in uveal
melanoma are completely unknown. Since the eye has no
lymphatic drainage, the MM must have already metastasized
prior to the enucleation, and yet a long period of time
may elapse before these metastases appear clinically in the
liver. The rate of growth of these overt metastases varies
considerably once clinically detectable. It is tempting to
speculate that these metastatic implants remain dormant for
many years because of some intrinsic controlling mechanism
of the MM cells themselves or a systemic control by the
host.

Another example of MM dormancy deals with MM de-
veloped from transplant organs in patients placed in im-
munocompromised condition [24, 45, 46]. Micrometastases
that had remained silent in the donor subject develop in
an uncontrolled brisky way when the invaded organ is
transplanted in the immunocompromised recipient.

7. Conclusion

The development of MM metastases is not the expression
of a single uniform process. Many factors linked to the
nature of the neoplastic cells and the reactivity of the host
interfere in a complex way. Smouldering MM reflects the
individual life of each metastasis confined to a restricted
skin territory. The lesions wax and wane in an apparently
haphazard and uncoordinated way. MM dormancy refers to
a condition where overt metastases appear after an extended
lag time. The intervention of metastatic MM stem cells or of
metastatic MM cells blocked in the cell cycle of proliferation
is possible.

The two phenomena, that is, the smouldering and the
dorman processes presently described in the MM metastatic
progression might in addition possibly occur at the primary
site. The smouldering primary MM phenomenon could
correspond to the partial MM regression which is a frequent
observation. The primary MM dormancy would correspond
to a lengthy duration between MM initiation and the early
clinical stage of MM duration.

These two conditions are worth studying because new
therapeutic advances could emerge by stirring up and
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controlling the smouldering and the dormancy MM phe-
nomena.
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Melanoma is a human neurocristopathy associated with developmental defects in the neural crest-derived epidermal melanocytes.
At the present time, at least three hypotheses were identified that may explain melanoma aetiology, as follows: (1) a model of linear
progression from differentiated melanocytes to metastatic cancer cells (2) a model involving the appearance of melanoma stem-
like cells, and (3) an epigenetic progenitor model of cancer. Treating metastatic melanoma is one of the most serious challenges
in the 21st century. This is justified because of a subpopulation of cells presenting a remarkable molecular heterogeneity, which is
able to explain the drug resistance and the growing mortality rates worldwide. Fortunately, there are now evidences sustaining the
importance of genetic, epigenetic, and metabolomic alterations as biomarkers for classification, staging, and better management
of melanoma patients. To illustrate some fascinating insights in this field, the genes BRAFV600E and CTLA4 have been recognized
as bona fide targets to benefit melanoma patients. Our research attempts to carefully evaluate data from the literature in order to
highlight the link between a molecular disease model and the key contribution of biomarkers in treating malignant melanoma
metastases.

1. Introduction

Historically, the first report of malignant tumor forma-
tions in the skin from anatomic sites where nevi had
previously existed was proposed by Virchow [1]. Melan-
otic nevi and cutaneous melanoma are defined as human
neurocristopathies associated with developmental defects
in the neural crest-derived epidermal melanocytes. One
consequence of changes in skin melanocyte development
is its malignant transformation to cutaneous melanoma
[2, 3]. In the sixties, Clark and coauthors described three
different clinical types of primary human skin melanomas
based on histological growth patterns: superficial spreading
melanoma (SSM), nodular melanoma (NM), and lentigo
maligna melanoma (LMM). Any melanoma, except NM,
was showed to present a biphasic growth pattern: an initial
and long period of time characterized by superficial growth
followed by rapid deeper invasion. Curiously, NM subtype
does not appear to have a superficial growth component,
and it was characterized by uniform invasiveness. Moreover,

they observed five anatomic levels of invasion (Clark’s levels
I–V), based on extracellular matrix architecture, as follows:
level I (tumor cells were above the basement membrane—in
situ melanoma), level II (tumor cells invading the papillary
dermis), level III (tumor cells invading both papillary and the
upper part of reticular dermis) level IV (tumor cells showing
any significant invasion of the reticular dermis, where
collagen begins to be organized into bundles), and level
V (tumor cells invading subcutaneous tissues—metastatic
melanoma). Afterwards, Reed (1976) identified acral lentigi-
nous melanoma (ALM) as another histopathological subtype
of this disease, which occurs in glabrous (palmar, plantar,
and subungual) skin [4, 5]. As a whole, higher levels
of invasion were correlated with poor prognosis [4]. The
main purpose of this article is to discuss relevant points
of view on current advances and limitations in studying
and treating malignant melanoma, emphasizing how early
events driving tumorigenesis might help us to understand
metastatic disease, and the key role of discovering new
biomarkers in this scenario.
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2. Malignant Melanoma Progression: From
Normal Melanocytes to Metastatic Stage

Nowadays, there are three main hypotheses proposed to
explain malignant melanoma origin and progression. Firstly,
there is a linear invasion model proposed by Clark et al.
[6], in which melanoma begins to develop gradually from
differentiated precursor melanocytes. The earliest step of
this neoplastic process is viewed as a focal proliferation
of mature melanocytes, and the resultant lesion is known
as common acquired melanocytic nevus. Afterwards, there
is a stage in which a melanocytic nevus is comprised
by melanocytes showing nuclear atypia and an aberrant
differentiation program, and the resultant premalignant
lesion is known as melanocytic dysplasia. Some dysplastic
or atypic melanocytes have spreading capability within
the epidermis and a distinctive profile of invasive growth
confined to the papillary dermis. This primary malignant
lesion is termed radial growth melanoma (RGP) and does
not form metastasis. The appearance of a new population
of cells with aggressive biological potential, growing in an
expansive way and perpendicular direction, and invading
the reticular dermis is correlated to a more dangerous step
known as primary vertical growth melanoma (VGP). VGP
melanoma is clinically dangerous because of a cell subpopu-
lation presenting competence for metastasis. However, these
cells and surrounding environment do not have sufficient
angiogenesis or lymphangiogenesis capabilities to support
metastases. VGP melanoma cells can progress to a metastatic
stage, in which deeper invasion of the subcutaneous tissues
and extensive neoangiogenesis are important properties. As
a hallmark of metastatic developmental stage, a cluster of
progeny cells are able to colonize distant tissues from the
origin of the primary melanoma [6, 7]. The molecular
mechanisms of invasion and metastasis require changes in
cell motility gene expression, and these processes occur by
coordination of cell extension, adhesion, deadhesion, and
contraction steps [7]. Importantly, not all melanomas arise
from melanocytes that pass through the atypical melanocytic
nevus stage and not all atypical melanocytes progress to
the malignant disease. The evidence in which malignant
melanoma does not universally arise from nevus and that
this may be the exception rather than the rule was proposed
by Clark et al. in 1969 [4]. Hence, two other models were
proposed. One of them is a melanoma stem cell and tumor
microenvironment model, in which melanoma stem-like
cells (tumor-initiating cells) lead directly to the observed
clinical outcomes without progressing through intermediate
stages. Additionally, fibroblasts, endothelial cells, and inflam-
matory cells from the tumor microenvironment would be
able to contribute to and support metastases [8]. Finally,
there is an epigenetic progenitor model to explain the
common basis of cancer proposed by Feinberg et al. [9], in
which early epigenetic changes occur in tissue-specific (non-
cancerous) stem-cells. According to this polyclonal model,
this primary alteration can be due to events within the stem
cells themselves, the influence of the stromal compartment,
or microenvironmental injury. Later, epigenetic plasticity
and genetic alterations would drive tumor progression [9].

Thus, the epigenetic progenitor model of cancer provides
new insights to understand the malignant transformation.
Since global epigenetic abnormalities accumulate during
cancer development, it is reasonable to hypothesize that
deregulation in epigenetic mechanisms may be involved in
melanoma aetiology.

3. Staging of Metastatic Melanoma at Diagnosis
and Prognosis

Malignant melanoma is a complex disease and patients
diagnosed at metastatic stage have a poor prognosis because
of the remarkable molecular heterogeneity and resistance
of melanoma cells to apoptotic processes and classical
chemotherapy interventions [10, 11]. Metastatic melanoma
cells tend to disseminate to multiple organs, including but
not limited to brain, lungs, liver, and bone. Currently,
there is no effective cure for advanced disease. Complete
remissions after chemotherapeutic regimens rarely benefit
more than 20% of patients [11]. According to the National
Cancer Institute 68,130 new cases and 8,700 deaths from
malignant melanoma were estimated in the United States in
2010 (available at http://www.cancer.gov/). Taken together,
these data suggest that malignant melanoma represents an
important public health problem in the 21st century.

As a result of multivariate analysis of 7,972 patients
with metastatic melanoma performed by American Joint
Committee on Cancer (AJCC), the clinicopathologic factors
that define the M-category strata to the conventional TNM
(tumor, node, metastasis) system should be evaluated by
two dominant criteria. The first one is the site(s) of distant
metastases, as follows: M1a—nonvisceral (skin, subcuta-
neous (soft) tissue, or distant lymph nodes), M1b—lung or a
combination of lung and skin or subcutaneous metastases,
and M1c—the other visceral metastatic sites. The second
criterion is the increased lactic dehydrogenase (LDH) serum
level that is a powerful and an independent predictor of
survival among patients with stage IV melanoma. In this
case, patients are all categorized as M1c, regardless of the
site(s) of their distant disease. These staging for metastatic
melanoma have been approved by the International Union
Against Cancer (UICC) TNM Committee. One-year survival
rates among 7,972 stage IV patients were 62% for M1a (better
prognosis), 53% for M1b (intermediate prognosis), and 33%
for M1c (worst prognosis) melanomas (P < 0.0001). The
overall prognosis of all patients with stage IV melanoma
remains poor, even among those who are classified as
M1a. For this reason, the Melanoma Staging Committee
recommended no stage grouping for stage IV melanomas to
clinical trial studies [12].

4. The Key Role of Biomarkers in Melanoma
Classification Refinement

It is well known that malignant melanoma development
correlates with genetic alterations and sun exposure since
ultraviolet radiation is the major risk factor [13]. Currently,
aberrant epigenetic patterns, including DNA methylation,
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canonical and variant histone marks, nucleosome position-
ing, and noncoding RNAs (specifically microRNAs), are
emerging as dynamic hallmarks of earliest and later events
driving melanoma genesis and progression [14–16]. To
illustrate this, we recently demonstrated that nonmetastatic
and metastatic murine melanoma cells treated in vitro,
respectively, with Trichostatin A and 5-aza-2′-deoxycytidine
(pharmacological inhibitors of histone deacetylases enzymes
and DNA methyltransferases, resp.) showed reduction of
tumor growth in vivo when inoculated in syngeneic mice.
Moreover, we observed changes in epigenetic machinery
components even in premalignant melanocytes, suggesting
that epigenetic marks act as key contributors to melanocyte
full malignant transformation and melanoma aggressiveness
[16]. A recent study has pointed out the role of chemicals as
melanoma risk factors, such as the polychlorinated biphenyls
pesticides [17]. This study uncovers the existence of other
risk factors associated with melanoma development, which
are not yet well characterized.

The classification scheme recommended by The World
Health Organization (WHO) to identify primary melanomas
distinguishes four main melanoma subtypes based on
histological growth patterns: SSM, LMM, NM, and ALM
[4, 5, 18]. However, there are reasons to be concerned
about classical classification schemes. There is a group
of pathologists who recognize a subgroup designated as
malignant melanoma of unclassifiable histogenetic type
[18]. The meta-analysis study conducted worldwide showed
that histological type of primary melanomas did not have
predictive clinical outcome once systemic metastasis had
developed [19]. Moreover, distinct types of melanomas had
different susceptibility to ultraviolet light [20], suggesting
that not all melanomas arise from areas exposed to the sun.
Because of this, another classification system has been used to
classify primary melanomas arising from nonglabrous skin,
as follows: melanomas occurring in nonchronically or inter-
mittently sun-damaged skin and in chronically sun-damaged
skin. This classification system comprises acral melanomas
and mucosal melanomas, which can be separated based on
patterns of chromosomal aberrations [20]. Furthermore, it is
well known that melanoma cells express multiple molecular
phenotypes. This feature has been associated with the pres-
ence of a subpopulation of cells showing stem-cell properties,
such as the ability to differentiate into several mesenchymal
lineages, including melanocytic cells [8]. Importantly, a
recent study reported the presence of a temporarily distinct
subpopulation of slow-cycling melanoma cells, which seem
to be an essential feature for continuous tumor growth
[21]. Apart from genetic alterations, another possible expla-
nation to melanoma cells heterogeneity is the epigenetic
reprogramming as an adaptation of cells to a sustained
microenvironmental stress condition [9, 16]. Taken together,
these findings highlight the urgency in understanding some-
how molecular variables can predict subtypes biologically
more homogeneous to refine the WHO melanoma clas-
sification scheme and improve melanoma treatment. In
this way, current studies have been performed to identify
reliable biomarkers to predict melanoma clinical outcome.
Unfortunately, most of the studies characterizing “omics”

expression do not emphasize or describe with sufficient
details any melanoma classification system. This scenario was
able to explain, at least in part, the poor correlation between
discovered biomarkers from basic research with results of
clinical trials and their potential clinical exploitation. Here,
we present a compilation of studies conducted according to
the new hypothesis, in which identifying patient’s subgroups
more biologically homogeneous needs an integrated analysis
involving histomorphological measurements, transcriptome,
proteomic and metabolomic studies, and epidemiologic and
clinical variables. Such data suggest that this evaluation
scheme is more accurate than the currently classification
based only on histological features.

Study 1. Alonso et al. [22] performed an integrated study
based on the combination of tissue microarray approach
with clinical and histopathological data. The aim of the
study was to identify new proteins differentially involved
at specific stages of melanoma as candidate biomarkers
for target therapy. A total of 175 human specimens were
retrospectively evaluated, including 10 nevi, 28 RGP primary
melanomas, 66 VGP primary melanomas, and 71 metastases
(34 skin metastases and 37 nodal metastases). As a result, this
study demonstrated that each step in malignant melanoma
development was characterized by the expression of a
specific signature. Among the most detected alterations
observed were upregulation of cyclin A, cyclin D1, CDK1 and
CDK2 (cell cycle regulatory proteins), survivin (apoptosis),
and active form of STAT1 (transcription factor) in RGP
melanomas relative to nevi; simultaneous upregulation of
Ki-67 and downregulation of p27KIP1 (cell cycle regulatory
proteins) in VGP melanomas relative to RGP melanomas
or benign lesions; upregulation of cyclin D1 and cyclin
D3, and a loss of p16INK4a (cell cycle regulatory proteins),
and downregulation of BCL2 (apoptosis) and MUM1 (tran-
scription factor) in metastatic melanomas relative to VGP
melanomas. Although many of identified changes are stage
specific, it seems that an increasing degree of expression
of cyclins and CDK(s), in conjunction with a loss of CDK
inhibitors, facilitate the progression to advanced clinical and
histological stages. Curiously, cyclin D1 protein expression
was negative in all nevi and markedly expressed in RGP
melanomas and metastases, and significantly downregu-
lated in VGP melanomas. As discussed by authors, these
findings suggest a critical role for cyclin D1 in melanoma
pathology, and illustrate how melanoma progression is
meticulously and dynamic coordinated. Thus, to progress
from nevus to metastasis, each step is distinguished by the
expression of a characteristic set of molecular marks or,
perhaps, by their differential levels of expression as those
observed for cyclin D1. In fact, our experience with global
gene expression analysis using high-density oligonucleotide
microarrays in a murine melanoma progression model
supports this idea, in which several kinetic profiles of gene
expression from nontumorigenic melanocytes to metastatic
melanoma cell lineage were observed (see [16], and data not
published). Moreover, Alonso’s group [22] observed a defec-
tive deregulation of apoptosis by upregulation of survivin
protein expression from nevi to RGP, VGP, and metastatic
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melanoma, suggesting a parallel between apoptosis resistance
and melanoma progression. Since 30 patients had VGP
and metastatic melanomas, a simultaneous analysis in the
expression of a combination of relevant molecular markers
in the same patients from both stages was performed.
In this way, this study also developed a predictor model
for survival identifying a group of patients with shorter
overall survival associated with VGP melanoma, which was
related to the absence of p16INK4a or the presence of BCL6
protein expression in conjunction with either high Ki-67
expression or positive p21CIP1 [22]. Although apparently
paradoxical because of its cyclin-dependent inhibitory and
tumor suppressor activities, a recent study reported that
p21CIP1 may also act as a tumor promoting factor by
inhibiting apoptosis [23].

Study 2. Curtin et al. [20] performed an elegant study
in which they compared genome-wide alterations in the
number of DNA copies, and mutational status of BRAF
and NRAS, in attempt to clarify the relationship among
clinical heterogeneity, histological characteristics, degree of
sun exposure and susceptibility to ultraviolet light, and
genomic instability. A total of 126 tumor specimens were
evaluated and classified in four groups based on their
location and differences in the degree of sun exposure, as
follows: 36 specimens of acral melanoma, 20 specimens of
mucosal melanoma, 30 specimens of melanoma arising from
skin with chronic sun-induced damage, and 40 specimens
of melanoma arising from skin without chronic sun-induced
damage. All primary melanomas had an invasive component
in which tumor cells predominated over stromal cells.
As a result, they observed and discussed that there were
distinct sets of genetic alterations, suggesting that melanoma
develops by different mechanistic pathways in response
to different selective influences. As a whole, there were
marked differences in aberrant genomic regions among the
groups. These differences were more pronounced between
melanomas on skin that were relatively or absolutely pro-
tected from the sun (glabrous skin in acral melanomas and
mucosal epithelia membranes in mucosal melanomas) and
melanomas on skin exposed to the sun. Acral and mucosal
melanomas had a significantly higher degree of chromoso-
mal aberrations, but they involved different genomic regions.
The commonest alterations distinguishing these two groups
were gains involving the CCND1 locus, gains and losses
involving chromosomes 22 and 4q, respectively, in the group
exposed chronically to the sun, while the losses involving
chromosome 10q were more frequently observed in the
group with no skin-induced damages. Specifically, eighty-
one percent of tumors on skin without chronic sun-induced
damage frequently had mutation in BRAF together with
fewer copies of PTEN, or mutations in NRAS alone. In
accordance to this finding and as reviewed by authors,
BRAF and NRAS genes do not show typical ultraviolet
“fingerprint” mutations. On the other hand, the majority of
melanomas in the other three groups did not have mutations
in BRAF or NRAS but instead had increased copy number
of the downstream genes CCND1 or CDK4. These findings
implicate CDK4 and CCND1 as independent oncogenes in

melanomas presenting this genetic background (absence of
mutations in BRAF and NRAS). As discussed by authors,
their findings are of great clinical importance because of
possible prevention and potential therapeutic strategies.
Hence, in melanomas in which BRAF or NRAS mutations
are present, they would be expected to be responsive to
therapeutic interventions targeting the RAS-RAF-ERK and
PI3K pathways, such as sorafenib [20]. In parallel, a recent
multicentric study reported that the treatment of metastatic
melanomas carrying BRAFV600E mutations with a selective
small molecule inhibitor PLX4032 resulted in complete or
partial regression of disease in most of the patients [24].

Studies 3 and 4. Viros et al. [25] performed a study
based on genotype-phenotype point of view, in which they
refined a current classification scheme of distinct melanoma
subtypes proposed by WHO, integrating to this existing
classification model continuous variables, such as a panel
of histomorphological measures (scatter of intraepidermal
melanocytes, nesting of intraepidermal melanocytes, cyto-
plasmic pigmentation of neoplastic melanocytes, cell size,
cell shape, nuclear size, and nuclear shape), and unordered
categorical variables, such as anatomic site, WHO subtype,
melanomas arising from skin with and without evidence of
chronic sun-induced damage, acral grouping and gender,
and correlated them with the mutation status of BRAF
(exon 15, which includes codon 600) and NRAS (exons 1
and 2, only if no BRAF mutation was detected, since there
is a very low cooccurrence of these aberrations). A total
of 302 primary radial growth melanomas were evaluated,
and areas with vertical growth were excluded, except in
the case of nodular melanoma, in which the assessment
was made in any small intraepidermal component adjacent
to the nodular portion wherever possible. The aim of this
study was improving melanoma classification by integrating
genetic and morphologic features, and clinical information
to provide a better understanding regarding malignant
melanoma “histogenetic” origin and group melanoma in
a more homogeneous biological category. As a result, the
authors observed that melanomas with BRAF mutations
showed distinct morphological features, such as increased
upward migration and nest formation of intraepidermal
melanocytes, thickening of the involved epidermis, and
sharper demarcation to the surrounding skin, and had
larger, rounder, and more pigmented tumor cells compared
to melanomas without BRAF mutation. Moreover, among
the clinical variables, they identified age <55 years as the
single most predictive factor for BRAF mutation. When this
age cutoff was applied to an independent cohort of 4,785
patients, a better prognosis associated to the development of
metastases to regional nodes were observed whereas patients
that, on the basis of their age, were less likely to have a
BRAF mutant melanoma more frequently displayed satellite,
in-transit metastasis, and visceral metastasis. On the other
hand, NRAS mutation failed in distinguishing melanomas
on the basis of these morphological features. Finally, authors
discussing the importance of improving the classification
scheme in two ways: to facilitate stratification for therapy, as
well as retrospective analysis of existing clinical trials [25].
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Table 1: Effects of candidates of oncogenic biomarkers in melano-
ma progression.

Biomarker
Biological effect(s) associated with
biomarker upregulation

Reference

ABCB5
Associated with evasion of antitumor
immunity and immunotherapeutic
resistance

[31]

BPAG1
Detected as autoantibody in serum of
melanoma patients

[32]

BRAF
Mediated melanoma cell resistance to
anoikis

[33]

BRG1

Promoted epigenetic changes in
extracellular matrix/adhesion gene
expression and increased melanoma
invasiveness

[34]

CD133 and
nestin

Associated with poor prognosis [35]

DEK
Associated with gain of chromosome 6p,
proliferation, and chemoresistance

[36]

DNMT3B
Predicted overall survival in patients with
lymph node metastases

[27]

HIF1A Associated with a prosurvival role [37]

Integrin
α4β1

Required for lymphangiogenesis and
metastasis

[38]

JARID1B Required for continuous tumor growth [21]

MCL-1
Required for melanoma cells resistance to
anoikis

[39]

microRNA-
200

Regulated morphological plasticity and
determined modes of melanoma cells
migration and invasion

[40]

MITF-Mdel Purposed for diagnosis and followup [41]

NG2/MPG Correlated with multidrug resistance [42]

S100A13
Represented a new angiogenic marker
favoring the shift from radial to vertical
tumor growth

[43]

TM9SF4
Associated with cannibalism behavior in
metastatic lesions

[44]

TSPAN8
Mediated dermal invasion and
progression to metastasis

[45]

Vimentin Predicted hematogenous metastasis [46]

WNT5A Mediated melanoma metastasis [47]

The reproducibility of this study was validated by Broekaert
et al. [26] who confirmed that BRAF mutation define a
subset of melanomas more biologically homogeneous, which
metastasized more frequently to regional lymph nodes and
are commonly observed in younger people. Finally, the
authors discussed the heterogeneity exhibited by melanomas
without BRAF mutations, in which a subgroup having
very similar clinical and morphological characteristics as
those observed in melanomas with BRAF mutation was
observed, suggesting the possibility that they are biologically
related and, perhaps, alternative genes acting immediately
downstream of BRAF, such as MEK1 and MEK2 could be
candidates for target therapy in this context [26].

Study 5. Nguyen et al. [27] hypothesized that melanoma
AJCC stages could be classified by epigenetic biomarkers.

The authors performed a study in which specimens from 15
primary cutaneous melanomas, 16 lymph node metastases,
and 31 distant metastases were assessed to determine the
significance of microRNA-29 isoform C and DNMT3A and
DNMT3B expression in melanoma progression and clinical
outcome [27]. Moreover, they were interested in determining
their potential utility as hallmarks of CpG island methylator
phenotype (CIMP), which is associated with melanoma
aggressiveness through inactivation of tumor suppressor
genes and tumor-related genes, and methylation of MINT
(noncoding methylated-in-tumor) loci [27, 28]. As a result,
they observed that the downregulation of microRNA-29c
was associated with hypermethylation status of tumor-
related genes and MINT loci, and inversely correlated
with DNMT3A and DNMT3B expression in metastatic
tumors. These findings suggest the antagonistic role of
microRNA-29c in regulating DNMT3 expression, and that
its potential tumor suppressor activity is lack and correlate
with melanoma progression. Furthermore, expression of
microRNA-29c correlated with DNMT3B expression was
found significant as prognostic factor predicting overall
survival in patients with lymph node metastases. Hence,
the authors discussed that microRNA-29c expression may
potentially provide significant information by differentiating
metastatic melanoma in the way to improve adjuvant therapy
for advanced disease [27].

Study 6. Recently, Abaffy et al. [29] exploited an emerging
approach based on volatile metabolomic fingerprint, that
does not alter tissue morphology and potentially permits to
discover new melanoma biomarkers (metabolites of interest
that change in response to melanoma development) to
improve early diagnosis and positive clinical outcome for
patients. As a result, the authors observed that a differential
metabolic signature of melanoma does exist, and was
characterized predominantly by three volatiles expressed in
fresh and frozen melanomas: 4-methyl decane, dodecane,
and undecane. Curiously, the first one is a methylated alkane
previously listed as a biomarker of lung cancer, suggesting
an increased methylation process in melanoma. Moreover,
the presence of secondary metabolites of membrane lipid
peroxidation, such as dodecane and undecane, indicates an
oxidative stress environment [29]. These findings are in
accordance to works performed by our group, in which
sustained stress resulted in higher levels of reactive oxygen
species in the microenvironment [30]. This feature was asso-
ciated with epigenetic reprogramming of non-tumorigenic
murine melanocytes, involving both DNA methylation and
histone marks, evaluated at transcriptional and posttransla-
tional molecular levels, respectively [16]. Abaffy et al. (2010)
also identified pyridine as a unique volatile biomarker of
nevus. Finally, they emphasized that volatile metabolomic
might help in improving melanoma classification schemes
and targeted therapy [29].

The deregulation of oncogenic and tumor suppressor
signaling pathways are key molecular mechanisms promot-
ing melanoma progression. The most recently candidate
biomarkers discovered from human melanoma cell lines and
tumor specimens are shown in Tables 1 and 2.
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Table 2: Effects of candidate of tumor suppressor biomarkers in
melanoma progression.

Biomarker
Biological effect(s) associated with
biomarker downregulation

Reference

BAK

Weak BAK expression in serum of
patients with melanoma was associated
with lesions presenting “sparse” dermal
nests

[48]

CIMP
(WIF1,
TFPI2,
RASSF1A,
and SOCS1)

Associated with advancing clinical stage
of melanoma

[28]

KLOTHO
Associated with melanoma cell motility
and invasiveness

[49]

microRNA-
211

Associated with melanoma cells
invasiveness

[50]

microRNA-
29c

Predicted overall survival in patients with
lymph node metastases

[27]

Taken together, these data suggest that discovering new
biomarkers might represent a powerful tool in melanoma
classification refinement and their potential exploitation in
clinical trial designs.

5. Treating Metastatic Malignant Melanoma

Over the years, finding an ideal treatment for patients
with advanced melanoma has been the major challenge for
researchers in this area [51]. Meanwhile, the dissemination
of this malignancy to new and distant tissues, with rare
exceptions, is almost a sign of incurable tumor. According
to American Joint Committee on Cancer (AJCC), patients
with stage IV melanoma have a median survival time of
only 8-9 months, with 1-year survival rates of 33%–62%
[12]. This is essentially because no treatment approach has
demonstrated a survival benefit, but efforts have been done.
The basis of treatment for metastatic melanoma is systemic
therapy which addresses the subclinical sites of metastases as
well. On the other hand, locoregional treatment modalities
such as surgery or radiation are usually used as palliative
approaches or as adjuvant in systemic therapy to improve
clinical outcomes [52].

5.1. Classical Systemic Interventions. The systemic therapies
include different methods as follows.

(i) Cytotoxic chemotherapy: it has been used for over
three decades and continues to be the standard treat-
ment of metastatic melanoma due to dacarbazine
that is the only chemotherapeutic agent approved by
the Food and Drug Administration (FDA) despite
its modest efficacy. The moderate antitumor activity
of these chemotherapeutic agents led to attempts to
combine them but the latest studies have demon-
strated that higher response rates are associated with
increased toxicity without any survival advantage
when compared with a single-agent regimen [53];

(ii) Immunotherapy: term used for nonspecific as well as
specific immunomodulation which, in other words,
means use of natural or manufactured substances
to boost or restore the body’s immune system so
it can better recognize and fight disease [54]. Most
commonly used as adjuvant therapy for melanoma
following surgery but, due to the relative success of
some immunotherapeutic approaches, this strategy
has fuelled extensive investigation and many clin-
ical trials are underway. Interleukin 2 (IL-2) is a
cytokine immune system activator that stimulates T-
cell proliferation and function besides being used
as a lymphokine-activated cell killer therapy. High-
dose recombinant IL-2 was approved by the FDA in
1998 for treatment due to the potential for durable
complete responses in a small cohort of appropriated
patients [55]. The efficiency in administration of
high-dose IL-2 is associated with significant toxicity
and, consequently, multiple side effects, so its use
is limited to select patients whose medical care is
done very carefully. Interferon alfa-2b (INF α-2b),
naturally produced cytokine that helps to activate
the immune system, is also considered an adjuvant
therapy of resected high-risk melanoma, but its
effectiveness is not so much better than that already
observed with IL-2;

(iii) Biochemotherapy: this kind of treatment refers
to the most intensive regimens that combine
polychemotherapy or single-agent with immuno-
logical agents INF-α and/or IL-2. The systemic
biochemotherapy has promise, but results from
recent trials have been mixed and inconsistent [56–
58], in part because addition to exposing patient
to consistently high toxicity rates, the responses are
not durable and do not improve overall survival.
While the utility of biochemotherapy is really con-
troversial, in the United States, many melanoma
treatment centers continue to use this therapy for
melanoma [59]. Interestingly, it was recently reported
novel regimen of maintenance biotherapy and induc-
tion biochemotherapy/maintenance biotherapy to
extend progression-free and overall survival, but
this promising regimen will be studied in a ran-
domized clinical trial in patients with advanced
metastatic melanoma [60]. In summary, until today
biochemotherapy regimens cannot be regarded as
standard clinical practice and should be further
evaluated in clinical trials.

5.2. Promising Approaches in Systemic Therapies. Several
attempts to upgrade existing therapies for metastatic
melanoma may not have been successful in clinical studies,
but have revealed remarkable advances to our understanding
of this disease. This significant progress is the foundation
for new opportunities of treatments. Currently, two major
trends are recognized for new treatment strategies and both
are involved in the development of therapies that promote
an intervention at the molecular level [61]. One of them is
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Table 3: Emerging immunotherapeutic to treatment of metastatic melanoma.

Target Drug Class Phase(s) trial Protocol IDs∗

CD40 CP-870,893 Fully human mAb
I NCT01008527

I NCT01103635

CD137 BMS-663513 mAb I NCT00803374

Cytokines Interleukin-21 Recombinant human molecule II NCT01152788

CTLA-4 Tremelimumab Fully human IgG2 mAb
III [62]

II NCT01034787

Immunocytokines EMD 273063 Humanized anti-GD2 mAb linked to IL-2 II NCT00590824

αv integrin CNTO95 mAb I, II NCT00246012

αvβ3 integrin MEDI-522 Humanized mAb I NCT00111696

PD1 MDX-1106 Fully human mAb
I NCT00730639

I NCT01024231

I NCT01176461

TGF-β GC1008 Fully human mAb I NCT00899444

TGF-β2 AP12009 Antisense oligonucleotide I NCT00844064

TLR regulation of Treg cells CpG 7909 (ProMune) Synthetic oligonucleotide
II NCT01266603

No phase specified NCT00471471
∗

Randomized clinical trials selected from http://www.clinicaltrials.gov/.

directly related to the mechanism of immune response of
patients but with a new vision of modulation while the other
aims key biomarkers presented in signaling pathways, which
are highly deregulated along melanoma pathogenesis.

The greatest optimism for advances in the immunother-
apy of melanoma comes from introduction of new agents
and methods that block or avoid the natural regulatory
mechanism, that limit the magnitude of induced T-cell
response, and the tumor-related immunosuppressive mech-
anism [54]. Some of the novel cancer immunotherapies
deserve brief comments.

(i) Immunoregulatory monoclonal antibodies: cytotoxic
T-lymphocyte antigen (CTLA) is expressed on acti-
vated T lymphocytes and regulatory T cells. It serves
as a natural breaking mechanism that returns T cells
to homeostasis following an immune response, it
controls the duration and intensity of this response.
Monoclonal antibodies (anti-CLTA-4 mAb) that bind
to CTLA-4 inhibit this negative switch and may break
peripheral tolerance to self-tissues and potentiate
immune response against cancer cells. Ipilimumab,
a CTLA-4 blocker of fully human IgG1 monoclonal
antibody class, is the most recently FDA approval
for unresectable or metastatic melanoma. Clinical
trials for monotherapy and the combination with
other immunotherapies and vaccines have been
concluded or are currently underway [62]. Because
of the unusual and severe adverse effects referred
to as autoimmune breakthrough events (ABEs) or
immune-related adverse events (irAEs), the therapy
is being approved with a risk evaluation and mit-
igation strategy to inform healthcare professionals
about these serious risks. Despite this fact, this drug
currently holds great promise for treating patients
with advanced malignant melanoma. Tremelimumab

is an IgG2 monoclonal antibody also directed against
CTLA-4, but the benefits and effects of its use are
still being investigated [63, 64]. Many other targets
related to the immune system are being investi-
gated (Table 3) but owing to complexity of immune
system and presence of molecular immunological
target on multiple cell types, whose effect is cell-
type specific, the predominant mechanism for an
individual agent’s antitumor activity often cannot be
determined with certainty. Definitely, combinations
presenting optimal antitumor activity and the right
combination for each patient will depend on the indi-
vidual’s tumor biology and host factors which makes
it difficult to search for an appropriate therapeutic
strategy [65].

(ii) Adoptive cell transfer (ACT) is a type of adoptive
immunotherapy that involves ex vivo activation and
expansion of autologous tumor-reactive T-cell popu-
lations taken from tumor-bearing host that then are
reinfused back into patient. Several factors may be
obstacles to the effectiveness of this immunotherapy,
such as nonpersistence infused cells in vivo and
possible reduction of infused cells by preexisting Treg

cell. The recent studies demonstrated that activity
of adoptively transferred T cells can be improved
following on nonmyeloablative lymphodepleting reg-
imen [66]. The lymphodepleting regimen helps to
eliminate Treg cell as well as normal endogenous lym-
phocytes that compete with the transferred cells for
homeostatic cytokines and thus promoting increased
circulating cytokines (IL-7 and IL-15) while non-
myeloablative chemotherapy refers to the uses of
moderate doses of chemotherapy, just to suppress the
immune system for a brief period. This evolutionary
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Table 4: Recent report vaccine approaches to advanced malignant melanoma.

Phase trial Purpose and brief comments Reference

II

Treatment of 54 patients with a patient-specific tumor cell vaccines consisting of
autologous dendritic cells, incubated with IL-4 and suspended in GM-CSF, which
had phagocytized irradiated tumor cells from an autologous tumor cell line.
Treatment was well-tolerated and the projected 5-year survival rate is an impressive
54% at a median followup of 4.5 years for the 30 surviving patients.

[74]

II

Immunization of unresectable stage III or stage IV M1a melanoma patients with
recombinant MAGE-A3 protein combined with adjuvant systems AS15 or AS02B.
The combination of MAGE-A3 and AS15 yielded higher specific Ab titers, more
robust T-cell induction and long-lasting clinical responses or SD in metastatic
melanoma.

[75]

II

To identify markers predictive of the clinical activity of the MAGE-A3
antigen-specific cancer immunotherapeutic (ASCI) from gene expression profiling
by microarrays. A gene-signature derived from pretreatment tumor biopsies has
been developed and shown to predict clinical benefit.

[76]

II

Routinely intratumoral injections of OncoVEXGM−CSF, an oncolytic herpes simplex
virus vector encoding granulocyte monocyte colony-stimulating factor (GM-CSF).
It was observed an improvement rate and durability of response when compared to
other treatment options available to patients with advanced melanoma.

[77]

III
Learn more about the safety and risks of using OncoVEXGM−CSF. Results of a phase
II trial of OncoVEXGM−CSF were encouraging and led to the design of this Phase III
trial.

NCT00769704∗

III

Comparative study between metastatic melanoma patients treated with gp100:
209–217(210M) peptide followed by high-dose IL-2 and high-dose IL-2 alone. The
peptide vaccine plus HD IL-2 promoted significant improvement in
progression-free survival (PFS) without a clear impact on survival.

[78]

∗
Clinical trials selected from http://www.clinicaltrials.gov/.

technique to treat cancer has demonstrated signifi-
cant progress, mediating objective tumor regressions
in significant percentage of patients who stayed on
this treatment [67]; however, it is important to
mention it is not available as standard treatment
for advanced melanoma. Many studies are underway,
and the new investigations are focusing the transfer
of T cell genetically modified to express melanoma-
specific T-cell receptors [68].

(iii) Vaccine therapy is an experimental treatment that
aims to stimulate immune system to recognize the
antigens on cancer cell surfaces and be able to pro-
mote an active immunity targeting these malignant
cells. Various strategies are currently being tested,
but, to date, no vaccination procedure has shown
significant efficacy in the metastatic setting. The
advance in immunotherapy field, like development
anti-CTLA-4 and other immunomodulatory anti-
bodies, may come to improve the outcomes with
vaccine treatment, as they may play a crucial role
in maintaining an immune response initiated by a
vaccine [69]. Many studies are being conducted and
positive experiences recently reported (Table 4) are
extremely encouraging for the generation of new
research trials in this area. On the other hand,
some negative results with vaccines have also been
reported, especially in the adjuvant setting, indicating
that multiple vaccinations can have detrimental

effects, perhaps because of induction of tolerance
[70, 71]. Finally, the researches are still continuing
and, despite some previous results, seem promising,
there are many points yet to be clarified, especially
regarding the manner in which the patient’s body
assimilates this type of therapy, which is difficult
clinical progress.

All these data lead to the conclusion that although many
advances have been achieved with immunotherapy, under
combined regimes and/or using the novel immunotherapic
agents, this option for treatment still shows certain limita-
tions to an appropriate standard treatment, mainly due to
severe side effects observed with use of these approaches.
Moreover, the strategies that have had less adverse effects also
did not demonstrate significant efficacy results. In parallel
with these attempts, there is a continuous and growing
understanding of signaling pathways involved in oncogenesis
[72]. Under the context of developing therapies targeted,
these signaling pathways, which are usually altered in specific
tumor cells, provide new possible targets in hope of gaining
some control over the malignant cells.

Treatment of melanoma focusing on a molecular disease
model: the basis of this principle is the recognition of
melanoma as a heterogeneous disease and that tumorigenic
cells are more variable at a molecular level than can
be observed macro/microscopically [73]. Furthermore, the
concept of “oncogene addition” describes that malignant
cell depends more strongly on hyperactivated pathways than
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Table 5: Principal and secundary melanoma molecular subtypes [73].

Detailed subtypes Pathway(s) Key gene/biomarker(s) Potentially relevant therapeutics

1.1 MAPK BRAF
BRAF inhibitors, MEK inhibitors, Hsp90
inhibitors

1.2 MAPK BRAF/PTEN
(BRAF inhibitors) AND (PI3K inhibitors, AKT
inhibitors or mTOR inhibitors)

1.3 MAPK BRAF/AKT
(BRAF inhibitors) AND (AKT inhibitors or
mTOR inhibitors)

1.4 BRAF/CDK4 BRAF inhibitors AND CDK inhibitors

2.1 c-KIT c-KIT Gleevec & other c-KIT inhibitors

3.1 GNAQ GNA11 GNAQ MEK inhibitors

3.2 GNAQ GNA11 GNA11 MEK inhibitors

4.1 NRAS NRAS
MAPK & PI3K inhibitors, Farnesyl transferase
inhibitors

5.1 MITF MITF HDAC inhibitors

6.1 AKT/PI3K PTEN
PI3K inhibitors, AKT inhibitors or mTOR
inhibitors

6.2 AKT/PI3K AKT AKT inhibitors or mTOR inhibitors

6.3 AKT/PI3K PI3K
PI3K inhibitors, AKT inhibitors or mTOR
inhibitors

7.1 CDK ARF/INK4 CDK inhibitors

7.2 CDK CDK4 CDK inhibitors

7.3 CDK CCND1/Cyclin D1 CDK inhibitors

8.1 PR3/BCL BCL-2 TBD

8.2 PR3/BCL P53 TBD

9 Placeholder for any new subtype of patients that is not currently defined

do normal cells, as well as the specific activated oncogenes
that drive those pathways. Therefore, this therapeutic oppor-
tunity allows some control over the cancer cells through
precise treatments according to genetic lesion that underlie
each individual disease [2]. It is important to mention that
not all oncogenes can be a treatable target. In general,
powerful targets are enzymes such as kinases, proteases
on account of their catalytic sites which assure satisfactory
selectivity to designed drugs binding. Even now, there are
countless possibilities for molecular targets. This number is
so expressive that it was very recently proposed for formal
process for classifying melanoma into molecular subtypes
and developing proposed treatment guidelines for each
subtype, including specific assays, drugs, and clinical trials.
This “molecular disease model” can be used by clinicians to
guide treatment decisions, and refined by researchers based
on clinical outcomes and laboratory findings [73]. Table 5
summarizes the elegant initiative of Vidwans’ research group
who seek through this “dynamic” review article, a faster way
to disseminate relevant new information and the continuous
updating about this point. The table shows types and sub-
types of melanoma in order of importance of the associated
oncogene/tumor suppressor, prevalence, and potential for
therapeutic intervention. According to Vidwans’ research
group, the principal subtypes (1.1–5.1) can act as a dominant
oncogene and, therefore, are important foci for therapy while
the subtypes described as secondary (6.1–8.1) play support-
ive role and generally coexist with mutations of the major

subtypes. The latest version of the Melanoma Molecular Dis-
ease Model, besides other details, can be found online (avail-
able at http://mmdm.cancercommons.org/ml/index.php/A
Melanoma Molecular Disease Model).

A large and permanently increasing number of pharma-
cological inhibitors targeting several of the recently identified
mutated signal transduction molecules are being explored
in various clinical trials as shown in Table 6. Most of the
trials are still recruiting patients with advanced malignant
melanoma who have the specific genetic profile to action
of certain drugs. Although a few of these drugs have been
approved for other types of cancer, as valproic acid, and
sutent, dasatinib, some still have modest activity against
melanoma, for example, sorafenib. As discussed before,
molecular analyses of melanomas have revealed an activated
BRAFV600E mutation as a promising biomarker to test the
efficacy of BRAF-targeted therapy in treating malignant
melanoma. Sorafenib monotherapy has shown to be ineffi-
cient because of its lack of specificity and low potency against
the mutant BRAF [79, 80]. On the other hand, Flaherty
and coauthors [24] conducted a multicenter, phase 1, dose-
escalation clinical trial using PLX4032, a small molecule
that acts selectively by targeting the mutation activated
RAF/MEK/ERK signaling pathway. Afterwards, an extension
phase was performed in order to identify the maximum
dose that could be administered in phase 2 trials without
significantly toxicity. As a result, the authors reported
that treatment with PLX4032 at a dose of 960 mg orally
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Table 6: Selected drugs for targeted melanoma therapy.

Target(s) Drug Phase(s) trial Protocol IDs∗

BRAF PLX4032
II NCT00949702

III NCT01006980

ARAF

RAF265 In Phase 1 for malignant melanoma NCT00304525
BRAF

CRAF

VEGFR-2

RAFPDGFRVEGFR-2 Sorafenib Modest activity against melanoma —

BRAF GSK2118436 III NCT01227889

II NCT01153763

MEK AZD6244 II NCT00866177

MEK GSK1120212 III NCT01245062

MEK AZD8330 In phase I for (advanced malignancies) NCT00454090

Hsp90 AT13387 In phase I for (solid tumors) NCT00878423

c-KIT Dasatinib II NCT00436605

c-KIT Gleevec
III, NCT00470470

II NCT00667953

c-KIT Tasigna III NCT01028222

c-KIT Sutent II NCT00631618

GNAQ
GSK1120212 III NCT01245062

GNA11

HDAC Panobinostat
I, NCT00925132

III NCT01065467

HDAC1 Valproic acid I NCT00495872

PI3K
SF1126 In phase I for (advanced malignancies) NCT00658671MTOR1

MTOR2

AKT MK2206 In phase I for (solid tumors) NCT00848718

MTOR OSI-027 In phase I for (advanced solid tumors) NCT00698243

CDK4 Flavopiridol/alvocidib/HMR 1275 II NCT00005971

CDK4 P276-00 II NCT00835419

CDK4 UCN-01 II NCT00072189
∗

Randomized clinical trials selected from http://mmdm.cancercommons.org/ml/index.php/A Melanoma Molecular Disease Model.

Table 7: Dual Therapeutic intervention.

Targets Drug Phase(s) trial Protocol IDs∗

BRAF and MEK for the MAPK pathway Sorafenib and Temsirolimus I, II NCT00349206

PI3K, AKT and mTOR for the AKT/PI3K pathway MK2206 plus AZD6244 I NCT01021748
∗

Clinical trials selected from http://mmdm.cancercommons.org/ml/index.php/A Melanoma Molecular Disease Model.

twice daily induced responses in the majority of metastatic
melanomas carrying BRAF mutations [24]. Importantly,
Chapman and coworkers [80] are conducting a phase
3 interventional, randomized, controlled and multicenter
clinical trial study (NCT01006980, Table 6) with the purpose
of evaluating progression-free, overall survival, safety and
tolerability of PLX4032 as compared with Dacarbazine in
675 metastatic melanoma patients previously untreated. As
a result just yet, patients with unresectable stage IIIC or
stage IV melanoma (AJCC) positive for BRAFV600E mutation
receiving Vemurafenib (PLX4032, 960 mg orally twice daily)
showed improved rates of overall and progression-free

survival relative to patients who had received Dacarbazine
(1000 mg/m2 of body surface area intravenously every 3
weeks) [80]. Taken together, these successes highlight the
importance of a molecular disease model focusing on specific
biomarkers, such as BRAFV600E mutation, as bona fide targets
which could benefit melanoma patients. Another hypothesis
to explain low activity of Sorafenib in melanoma cells is the
possibility that melanoma cell proliferation could be driven
by alternative pathways when RAF/MEK/ERK signaling
is blocked [79, 81]. Based on this, several studies using
inhibitors of distinct pathways have been initiated (Table 7)
and encouraging response rates have been reported [82].
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The amount of studies presented here and the emergence
of new therapeutic opportunities show that the scientific
community is really committed to finding the best way to
overcome this challenge, the treatment for metastatic malig-
nant melanoma. Since melanoma is much more than a single
disease, the real benefit most likely will be require the use
of multiple strategies together (chemotherapy, immunother-
apy, targeted therapy). But if on one hand the positive
synergistic effect of these agents is achieved by the other, an
extra burden of toxicity and unknown events arising from
the interaction of these agents cannot be ignored. It is known
that, besides the intrinsic characteristics of each person, the
biology of melanoma, as well as other types of cancer, has also
a few distinct characteristics even among patients in same
disease stage, which leads us to another challenge, before
treatment choice: identifying the tumors and patients that
best suited to respond to certain therapies.

6. Conclusion

Recent discoveries have provided fascinating insights into
malignant melanoma development. It is clear that dereg-
ulation in distinct oncogenes and tumor suppressors are
involved in malignant melanoma progression, as evaluated
by results of compiled studies presented here. Thus, there are
evidences in which more than one route leads to melanocyte
full malignant transformation and melanoma progression.
The major question to be considered by researchers,
clinicians, and dermatopathologists is the limited success
of discovered biomarkers to predict or identify groups
of patients with substantial risk for metastasis. Unfortu-
nately, no reliable biomarker that significantly translates
into effectiveness therapeutic responses and overall median
survival rate benefits to patients with advanced disease has
been identified. Perhaps, this characteristic can be due to
melanoma heterogeneity, substantial differences in experi-
mental and clinical trials design, inadequate classification
schemes, environmental-associated risk factors, and person’s
condition such as age, gender, and immune competence.
Although a true biomarker is a molecule capable of dis-
tinguishing a specific stage of disease, the data reported
here strongly suggest that understanding primary clonal
events that occur in primary malignant melanomas through
melanoma classification refinement may help us to identify
molecular marks acting immediately downstream. These
secondary alterations provide new insights for predicting the
metastatic behavior in a more stable genomic, epigenomic,
and metabolomic context. Hence, additional studies are
required to identify distinct subpopulations of melanoma
cells, including circulating tumor-initiating cells in attempt
to identify these distinct molecular pathways and classify,
in a more reliable way, patient candidates for further per-
sonalized medicine. Recently, Vidwans’ group (2011) devel-
oped a molecular disease model that classifies melanomas
into molecular subtypes based on genetic status of key
biomarker(s)/pathway(s) and their combination, which are
potential targets for existing therapeutic interventions [73].
This molecular classification of melanomas might be a
powerful strategy used to refine melanoma classification and

to guide appropriate target therapy. Thus, because melanoma
is a heterogeneous disease, biomarkers can allow us to
identify patients who best respond to certain therapeutic
approach. And therefore standard treatments are currently
available to be based primarily on usage, together or
not, chemotherapies (dacarbazine) or/and imunotherapies
(high-dose recommbinant IL-2, Ipilimumab), but require a
rigorous preclinical evaluation as well as a constant medical
supervision. On the other hand, another barrier for studying
and treating melanoma metastasis is the limited availability
of fresh melanoma tissues representing early stages of disease
and adjacent normal skin. Because of this, different sources
can be exploited to initial screening, such as an animal model
that mimicries the “natural” evolution of disease. In this way,
a murine melanoma progression model developed by our
group [83] has shown good correlation with data reported
in humans, especially with respect to epigenetic therapy,
highlighting the potential translational application from the
basic research to clinical research, which might be especially
important in metastatic disease [16]. In conclusion, the
characterization of distinct subpopulations of melanoma
cells and signaling pathways by integrating classification
scheme opens the avenue to the development of more
responsive antimelanoma therapy.

Acknowledgments

The authors would like to thank Universidade Federal de São
Paulo and Fundação de Amparo à Pesquisa do Estado de
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Malignant melanoma (MM) is one of the most aggressive skin cancer. The therapeutic options remain limited for advanced MM,
and those directed to the neoplastic cells have not brought major survival advantage so far. Immunotherapy is another targeted
option. Ipilimumab, a monoclonal antibody directed to CTLA-4 present on cytotoxic T cells boosts immunity, particularly its
anti-MM activity. Under treatment, the overall survival of patients with MM metastases is moderately but significantly increased.
The immuno-related adverse effects may be severe and life threatening.

1. Introduction

Malignant melanoma (MM) is one of the most difficult
neoplasms to treat. Unlike most common cancers, the last 20
years have seen no real improvement in systemic therapy for
patients with metastatic MM. Currently the median survival
for patients with metastatic MM is commonly limited to 6–9
months [1, 2]. However, some clinical and histopathological
evidence exists providing clear demonstration of the ability
of immunotherapy to mediate regression from the early to
the advanced stages of MM [3–5]. The anti-MM lympho-
cytes consist of CD4+ and CD8+ T cells in part presenting as
tumour-infiltrating lymphocytes (TIL). Among them, vari-
ous clones of cytotoxic T lymphocytes (CTLs) are key cells to
a specific anti-MM response [6, 7].

The past decade has witnessed much advances in the
understanding of the complexity and redundancy in the
immunological and other biological systems involved in MM
proliferation, invasion, and metastasis [8–11]. A range of
new drugs have been developed to specifically target the
relevant pathways [12]. A number of immunotherapy trials
for metastatic MM including cytokines, vaccines, adoptive

immunotherapy, and their combinations were conducted in
recent years [13]. A new promising MM therapy is emerging
in the field of antibody-based specific targeting [14, 15].
Attempts were made at targeting either MM cells directly or
immune cells involved in the anti-MM activity.

2. CTLA-4

The cytotoxic T-lymphocyte antigen 4 (CTLA-4) corre-
sponding to CD152 is expressed at the surface of some T cells.
CTLA-4 is a member of the immunoglobulin superfamily
[13–15] acting as a downregulator of the immune system
and playing a key role in the inhibition of the anticancer
immunity [16]. With the exception of CD4+CD25+, Foxp3+
T-regulatory cells (Tregs) resting lymphocytes do not express
CTLA-4. Stimulation of CTLA-4 at the CTL surface results in
inhibition of their proliferation.

The CTLA-4 expressed at the CTLs surface binds to both
B7-1 and B7-2 (CD80 and CD86) ligand pairs present on
antigen-presenting cells. Their interaction activates a cell-
signaling cascade leading to the cell cycle arrest of CTLs
[16]. This mechanism results in T-cell anergy and interferes
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with both IL-2 secretion and IL-2 receptor expression, lead-
ing in turn to inhibition of T-cell priming and immune
escape, thereby allowing neoplastic growth [17]. It produces
immune control by inhibition of T-cell responses contribut-
ing to self-antigen tolerance [18]. By contrast, CD28 binding
to B7-1 and B7-2 leads to stimulation of CTL proliferation
and production of IL-2. Because of its expression on den-
dritic cells, effector T cells, and regulatory T cells, CTLA-4
exhibits multiple roles at various stages of the immune re-
sponse.

Blocking CTLA-4 is thought to shift the balance of the
immune response, enhancing both the recognition of tum-
our antigens and the neoplastic regression [17]. Consequent-
ly, this process decreases tolerance to self-antigens, leading to
autoimmunity [5, 18]. CTLA-4 blockade causes a dynamic
shift in the ratio between Tregs and CD8+ TCLs culminating
in effective immune recognition of neoplasms [19]. This
event was documented in posttreatment biopsies of neo-
plasms treated with CTLA-4 blockade and correlated with
therapy-mediated tumoral necrosis [20, 21].

3. Tremelimumab

Tremelimumab was a fully human IgG2 anti-CTLA-4 mono-
clonal antibody. Partial response (PR) was initially reported
to reach 6.6% for a period extending 8.9 to 29.8 months
[22, 23]. Despite such early promise, a more recent phase III
trial failed to show a greater survival benefit than traditional
chemotherapy. The drug was subsequently abandoned.

4. Ipilimumab

Ipilimumab (MDX-010: Medarex, Bristol-Myers Squibb) is
a fully humanized IgG1 monoclonal antibody directed to
CTLA-4 [13–15, 19–21, 24–29]. Objective response rates
combining complete response (CR) and PR were in the range
of 5–20% [15, 29]. Disease control rates (CR + PR + stable
disease) were reported averaging 15–30%. In contrast, the
two therapies approved by the FDA, high-dose interleukin-
2, and dacarbazine are each associated with response rate of
only 10 to 20% and a small percentage of CR. They are not
thought to improve overall survival (OS) [30].

Studies involving higher doses of ipilimumab were asso-
ciated with higher response rates but with increased toxicities
[19, 24–26]. Ipilimumab is the first therapeutic agent show-
ing prolonged OS (median OS: 10.1 months) in patients with
metastatic MM. This figure must be compared to the median
survival in such a patient population with other current ther-
apies generally reaching 6–9 months [1, 2, 28].

Rates of adverse reactions to ipilimumab, particularly au-
toimmune events, appear to be dose- and schedule-depend-
ent. Toxicities associated with ipilimumab differ from those
typically related to regular cytotoxic chemotherapy [31–33],
and they create unique challenges in diagnosis and clinical
management [34]. The majority of adverse events to ipil-
imumab are immune mediated, corresponding to the so-
called “immune-related adverse events (irAEs)” [35, 36].
The irAEs affect a range of organs, including the skin,

gastrointestinal tract, and endocrine glands. Antinuclear
antibodies (ANA) are not associated with irAEs, and they
have no diagnostic value in this setting, since many patients
with MM show baseline elevations of ANA titers.

The ipilimumab irAEs are dose-dependent, schedule-re-
lated, and cumulative [34]. Grade 3 and 4 irAE were reported
in 20–30% of patients. Close clinical and laboratory mon-
itoring is required for early detection and timely initiation
of treatment with immunosuppressive therapies. Most irAEs
were manageable and generally reversible under corticother-
apy. Long-term residual irAEs requiring treatment were
reported at 2-year followup in phase III trials, primarily cor-
responding to dermatologic effects (rash, vitiligo, and pru-
ritus), colitis/diarrhea, and endocrine-related adverse events
[25]. In addition, life-threatening irAEs (bowel perforation
due to immune colitis) and treatment-related mortality were
reported in about 2% of ipilimumab-treated patients. Addi-
tional immunosuppression was sometimes required [37, 38].
Up to 50% of treatment-related deaths were associated with
irAEs [29].

5. Conclusion

Immunotherapy, particularly blockade of the CTLA-4 path-
way, has already proven an effect against advanced MM. Ipili-
mumab is the first agent demonstrating promise in the treat-
ment of metastatic MM. The positive but modest OS benefit
requires more investigations. It seems essential to tailor treat-
ment options to those patients most likely to benefit, espe-
cially because the treatment is associated with frequent and
sometimes life-threatening irAE. Overall, the inherent risks
of immunotherapy require judicious use in appropriately
selected patients by well-informed clinicians and patients.
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sity Hospital of Liège. No other sources of funding were used
to assist in the preparation of this paper. The authors have no
conflicts of interest that are directly relevant to the content of
this review. The authors appreciate the excellent secretarial
assistance of Mrs. Ida Leclercq.

References

[1] M. R. Middleton, J. J. Grob, N. Aaronson et al., “Randomized
phase III study of temozolomide versus dacarbazine in the
treatment of patients with advanced metastatic malignant
melanoma,” Journal of Clinical Oncology, vol. 18, no. 1,
pp. 158–166, 2000.

[2] A. Y. Bedikian, M. Millward, H. Pehamberger et al., “Bcl-2
antisense (oblimersen sodium) plus dacarbazine in patients
with advanced melanoma: the oblimersen melanoma study
group,” Journal of Clinical Oncology, vol. 24, no. 29, pp. 4738–
4745, 2006.

[3] C. Henry, M. Lapière, C. Franchimont, G. E. Piérard, and
C. M. Lapière, “Immunotherapy by dinitrochlorobenzene of
melanomas of the skin. I- Methods, clinical effects and survival



Dermatology Research and Practice 3

rates,” in Pathology of Malignant Melanoma, A. B. Ackerman,
Ed., pp. 367–371, Masson Publishing, New York, NY, USA,
1981.

[4] G. E. Piérard, C. Henry, C. Franchimont, M. Lapière, A.
B. Ackerman, and C. M. Lapière, “Immunotherapy by dini-
trochlorobenzene of melanomas of the skin. II- Histology of
the cytotoxic effect,” in Pathology of Malignant Melanoma, A.
B. Ackerman, Ed., pp. 373–385, Masson Publishing, New York,
NY, USA, 1981.

[5] M. E. Dudley, J. R. Wunderlich, J. C. Yang et al., “Adoptive
cell transfer therapy following non-myeloablative but lym-
phodepleting chemotherapy for the treatment of patients with
refractory metastatic melanoma,” Journal of Clinical Oncology,
vol. 23, no. 10, pp. 2346–2357, 2005.

[6] I. Komenaka, H. Hoerig, and H. L. Kaufman, “Immunother-
apy for melanoma,” Clinics in Dermatology, vol. 22, no. 3,
pp. 251–265, 2004.

[7] O. Klein, L. M. Ebert, T. Nicholaou et al., “Melan-a-specific
cytotoxic T cells are associated with tumor regression and
autoimmunity following treatment with anti-CTLA-4,” Clin-
ical Cancer Research, vol. 15, no. 7, pp. 2507–2513, 2009.

[8] P. Quatresooz, G. E. Pierard, C. Pierard-Franchimont et al.,
“Molecular pathways supporting the proliferation staging
of malignant melanoma,” International Journal of Molecular
Medicine, vol. 24, no. 3, pp. 295–301, 2009.

[9] P. Quatresooz, C. Pierard-Franchimont, P. Paquet, and G.
E. Pierard, “Angiogenic fast-growing melanomas and their
micrometastases,” European Journal of Dermatology, vol. 20,
no. 3, pp. 302–307, 2010.

[10] P. Quatresooz and G. E. Piérard, “Malignant melanoma: from
cell kinetics to micrometastases,” American Journal of Clinical
Dermatology, vol. 12, no. 2, pp. 77–86, 2011.

[11] P. Quatresooz, M. -A. Reginster, and G. E. Piérard, “’Malig-
nant melanoma microecosystem’: immunohistopathological
insights into the stromal cell phenotype a review,” Experimen-
tal and Therapeutic Medicine, vol. 2, no. 3, pp. 379–384, 2011.

[12] P. Lorigan, T. Eisen, and A. Hauschild, “Systemic therapy for
metastatic malignant melanoma - From deeply disappointing
to bright future?” Experimental Dermatology, vol. 17, no. 5,
pp. 383–394, 2008.

[13] M. Sznol, “Betting on immunotherapy for melanoma,” Cur-
rent Oncology Reports, vol. 11, no. 5, pp. 397–404, 2009.

[14] C. Piérard-Franchimont, P. Quatresooz, P. Paquet, A. F.
Nikkels, and G. E. Piérard, “A range of targeted treatments
using monoclonal antibodies in dermatology. Current and
future practice,” Revue Médicale de Liège, vol. 64, pp. 334–338,
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At present, immunohistochemistry is taken for granted in the establishment of malignant melanoma (MM) diagnosis. In recent
years, molecular diagnosis in dermatopathology has benefited from a vast array of advances in the fields of genomics and
proteomics. Sensitive techniques are available for detecting specific DNA and RNA sequences by molecular hybridization. This
paper intends to update methods of molecular cytogenetics available as diagnostic adjuncts in the field of MM. Cytogenetics
has highlighted the pathogenesis of atypical melanocytic neoplasms with emphasis on the activation of the mitogen-activated
protein kinase (MAPK) signalling pathway during the initiation step of the neoplasms. 20 to 40% of MM families have mutations
in the tumour suppressor gene p16 or CDKN2A. In addition, somatic mutations in p16, p53, BRAF, and cKIT are present in
MM. Genome-wide scan analyses on MM indicate positive associations for genes involved in melanocytic naevi, but MM is likely
caused by a variety of common low-penetrance genes. Molecular dermatopathology is expanding, and its use in the assessment of
melanocytic neoplasms appears to be promising in the fields of research and diagnosis. Molecular dermatopathology will probably
make its way to an increased number of diagnostic laboratories. The expected benefit should improve the patient management.
This evolution points to a need for evolution in the training requirements and role of dermatopathologists.

1. Introduction

In some instances, identifying cutaneous malignant mela-
noma (MM) in routine histopathology may prove to be a
challenging exercise [1–3]. The diagnostic process is ham-
pered by a series of clinical and histopathological limitations
in both the definition of objective criteria and establish-
ment of undisputable diagnostic consensus. Over the past
decades, the development of immunopathology notably
shifted the diagnostic procedure from descriptive morphol-
ogy to molecular histopathology [4–8]. Immunopathology
helps distinguishing some atypical melanocytic neoplasms
and supports refined MM staging [9–18]. In recent years,
other progresses were made beyond regular microscopy in
the fields of molecular biology and molecular morphology
for the detection of pathogenic mutations expressed in
DNA, RNA, and proteins. Such sensitive procedures applied
to MM help in the diagnosis, classification, and outcome
prediction, as well as in selecting and monitoring therapy
[19–24]. Of note, mutations altering a protein due to amino

acid substitution have to be distinguished from mutations
occurring in a given amino acid and corresponding to silent
mutations or polymorphism.

The aim of this paper was to revisit recent insights in mo-
lecular dermatopathology shedding some light on the path-
ogenesis and diagnosis of MM. The accent will be on mo-
lecular cytogenetics referring to the molecular structure and
the function of chromosomes. The covered techniques are
currently used for research or diagnostic purposes.

2. Complementary Sampling Methods

Two special sampling methods are particularly suited for
some methods used in molecular dermatopathology.

Laser cutting dissection helps isolating circumscribed
cell populations under the microscope in an attempt at
increasing homogeneity of isolates based on morphological
criteria [25, 26].

Tissue microarrays correspond to an ordered set of
minute tissue cores (roughly 0.6 mm in diameter) obtained
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from a variety of specimens and embedded in a single paraf-
fin block. For comparative purposes, immunohistochemistry
and a range of downstream molecular methods are conve-
niently applied to tissue microarrays [18, 27]. For instance,
tissue microarrays from different MM samples at different
stages of progression were used to disclose distinct molecular
alterations [27]. In this field, immunohistochemistry on
tissue microarrays has identified osteopontin expression as
the first feature acquired during the initial step of MM
invasion [27].

3. Molecular Morphology and
Biology at a Glance

3.1. In Situ Hybridization. In situ hybridization (ISH) pro-
vides morphological demonstration of specific DNA and
RNA sequences in tissue sections, single cells, or chromo-
some spreads. ISH relies on labelled single- or double-
strand DNA or RNA sequences containing complementary
sequences that hybridize to cellular DNA or RNA under
appropriate conditions to form stable hybrids. The optimal
probe length for ISH results in maximized tissue penetration
and high hybridization rate. It averages 50–300 bases.

Primed in situ (PRINS) labelling relies on a primer-
mediated DNA synthesis carried out in situ on tissue sec-
tions. The technique starts with annealing an oligonucleotide
DNA primer adjacent to the DNA region of interest. This
molecular structure serves as a primer for the Tag polymerase
incorporating the four nucleotides dATP, dGTP, dCTP, and
the labelled dUTP which is conveniently revealed using im-
munohistochemistry. These ISH and PRINS methods are
used for localizing DNA sequences and specific mRNA in
cells and tissues, as well as visualizing chromosomes allow-
ing interphase cytogenetics and detection of specific mRNA.
Thus, HIS and PRINS methods were developed using chro-
mosome-specific probes or oligonucleotides for the detec-
tion of numerical and structural chromosome aberrations
in interphase nuclei in both fresh and formalin-fixed tissue
sections.

3.2. Chromosomal G Banding Method. Chromosomal G
banding (CGB) detects gross aberrations in chromosomes
under microscopic examination [18, 28]. Cell cultures from
fresh MM sampling are followed by stabilization of mitotic
figures in metaphase. Enzyme digestion followed by histo-
chemical staining reveals CGB. Of note, subtle chromosomal
aberrations including point mutations, small insertions, and
deletions, as well as discrete rearrangements are not disclosed
using the CGB method [24].

3.3. FISH Method. Fluorescence in situ hybridization (FISH)
relies on hybridization of fluorescent complementary DNA
probes recognizing specific genes or DNA oligonucleotides
[29]. The method is performed on fresh or formalin-fixed
tissue sections, as well as on nuclei spreads and DNA mi-
croarrays. The number of spots per nucleus is indicative
of the copy number of the scrutinized chromosome locus.
Sequences of the whole genome, centromeres, telomeres,
and specific gene regions are conveniently used as probes.

A translocation is detected by a spot splitting into two parts,
or by different fluorescent probes that hybridize on each of
the translocated genes.

FISH helps identifying mutated cells including those in
the apparently normal skin at distance from the MM [30].
Recent FISH variants were developed in various ways [24,
31]. FISH allows detecting subtle chromosome aberrations
in MM including four targeted genes, namely, CEP6, RREB1,
MYB and CCND1 [32–35].

One pitfall of the FISH method results from the partial
entrapping of the nuclei volume in the tissue sections caus-
ing technical omission of chromosome segments. Hence, a
number of nuclei must be scrutinized for ensuring a reliable
assessment of the copy number of the probe [36].

3.4. CGH Method. Comparative genomic hybridization
(CGH) compares DNA from a melanocytic neoplasm to
DNA from a normal reference tissue of the same patient.
The CGH method is conveniently performed using fresh or
formalin-fixed tissue. The DNA labelled with different fluo-
rochromes is subsequently hybridized on normal metaphase
chromosomes or on arrays of small spots of DNA [24]. Data
are expressed as a gain or loss of copy number [37]. CGH
has identified some genome aberrations and imbalance in
MM [38], but only when genome aberrations are enough
represented in neoplastic cells [31]. CGH is mainly used in
research settings [38, 39] where it helps identifying genomic
signatures distinguishing different MM types [40–42]. Of
note, Spitz naevi (melanocytomas) [43] contain genetic ab-
errations corresponding to single 11 p gains [19, 38]. MM
arising in congenital melanocytic naevi shows CGH pat-
terns comparable to regular MM, while atypical nodules
(melanocytomas) contain numerical aberrations of entire
chromosomes, which are seen only in a minority of MM [44].

3.5. Gene Microarray Method. Gene microarrays also named
DNA chips allow scrutinizing RNA and microRNA (miRNA)
expression, as well as detecting DNA mutations and poly-
morphism [45–47]. The method is applicable to fresh or
formalin-fixed tissue [47]. The procedure involves immobi-
lization of specific DNA sequences on a solid platform, to
which complementary labelled DNA hybridizes. The labelled
DNA is obtained from reverse transcription of mRNA ex-
tracted from the test tissue. The immobilized DNA corre-
sponds to either oligonucleotides or complementary DNA
[24]. Following the hybridization process, the labelled spots
are scrutinized. The complexity of the multiple data requires
adequate statistical analysis and computerized mathematical
models.

Gene microarray signatures were offered for molecular
classification of MM and naevi in diagnostic dermatopathol-
ogy [47]. In such screening, 36 different gene signatures were
found between melanocytic naevi and MM.

3.6. PCR and RTP-CR Methods. The PCR (polymerase chain
reaction) substrate corresponds to DNA or RNA (reverse
transcriptase, RT-PCR), extracted from fresh or formalin-
fixed tissue. The method corresponds to a chemical reaction
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driven by cyclic changes in temperature leading to a specific
and exponential amplification of small fragments of the tar-
get DNA or RNA over a short period of time. PCR was ap-
plied to the identification of MM micrometastases [48] using
selected markers including me20m, PLAB, SPP1, CAPG, and
CTSB [24, 26, 49].

While immunohistochemistry improves the sensitiv-
ity of metastasis detection by 10–45% compared with
regular histopathology, RT-PCR for MM-related marker
gene expression, like tyrosinase and Melan A-Mart-1, was
reported to increase the detection of suspected occult metas-
tases up to 70% [24]. Indeed, RT-PCR is expected to detect
one MM cell out of 106-107 non-MM cells, while immuno-
histochemistry probably detects one MM cell in about 104-
105 non-MM cells [21]. The relevance of PCR detection of
MM micrometastases in lymph nodes was, however, chal-
lenged because of the apparent lack of prognostic value of
the findings [50]. Indeed, in addition to the identification
of MM micrometastasis within sentinel lymph nodes, the
size and location of the metastasis should be assessed [51].
Thus, the role of nonmicroscopic methods to investigate the
sentinel lymph node remains doubtful. In such procedure, a
histopathological assessment of the location, size, and nature
of the suspected MM cells is lacking and misinterpretation
of nodal nevus cells as metastasis may occur. This drawback
might be overcome by using highly specific methods detect-
ing only MM cells [52], but the size and location of the
micrometastases remain unassessed.

In situ PCR-based amplification of the target nucleic acid
sequences may be performed before performing ISH. In situ
PCR is performed on cells or tissues are fixed and perme-
abilized respecting the morphology and allowing access of
the PCR probes to the intranuclear sequences that have to
be amplified. Cell suspensions or tissue sections are overlaid
with PCR reagents, sealed off with a coverslip, and submitted
to thermal cycling. The PCR products are detected using PCR
probes (indirect in situ PCR) or through direct detection of
labelled nucleotides incorporated into PCR products (direct
in situ PCR).

3.7. MLPA Method. Multiplex ligation-dependent probe am-
plification (MLPA) is based on annealing up to 45 probes
each consisting of two oligonucleotides that hybridize next to
each other on a specific chromosome region [53]. In addition
to target-specific sites, both oligonucleotides, contain a uni-
versal PCR primer. In addition, one oligonucleotide contains
a so-called stuffer sequence showing a probe-specific length.
After ligation of the hybridized adjacent oligonucleotides the
probe is amplified using PCR primers. As each probe has a
unique length due to the stuffer sequence, electrophoresis
conveniently separates and quantifies the amount of PCR
product indicating the DNA copy number [24]. Mutation-
specific MLPA combines copy number detection and hot-
spot mutations in a single assessment [54].

3.8. HRMA Method. High-resolution melting analysis
(HRMA) is based on the DNA dissociation after heating at
high resolution. This procedure allows for the detection of
single-base pair sequence variations [55]. This rapid method

detects hot-spot mutations and possibly identifies mutated
cells when present in at least 5% of a background of cells
showing wild-type DNA [56].

4. Germline and Somatic MM Mutations

Multiple naevi associated with increased MM risk predom-
inantly occur in families with p16 or CDKN2A mutations
[57]. However, searching for p16 or CDKN2A mutations is
not clinically relevant in other MM patients as the probability
of detecting a mutation is small [58]. The prevalence of fa-
milial p16 mutations is related to the number of MMs
in relatives [57]. More than 30 different p16 mutations
have been reported so far [58]. Globally, p16 mutations are
present in 25–40% of MM families with more than 2 MMs,
while the proportion of p16 mutations is lower in families
with 2 MMs only [59]. In addition, individuals with multiple
primary MM are more likely to have p16 mutations [60].

The p16 gene produces two different polypeptides,
namely, the p16/INK4a and the p14/ARF proteins. Both of
them participate in the control of the cell cycle of prolifer-
ation. According to the exon mutation, the p16 and/or p14
functions are altered. Indeed, most MMs are unrelated to
germline p16 mutations especially in the nonfamilial MM.
Many other common MM genes of lower penetrance are
probably involved in MM. These mutations increase with
the progression of the disease [61]. Multiple dysplastic naevi
are a marker of MM risk and susceptibility to other cancers
as well [62]. MM is therefore likely to share cancer genes
with other neoplasms because MM is common in the family
cancer syndromes. Individuals with BRCA2 and BRCA1
mutations have an increased risk of MM on the skin and eyes
[63].

Genetic aberrations in cutaneous MM correlate with spe-
cific phenotypes [64]. Of note, the progression from a mel-
anocyte to a MM cell is supported by a series of morphologi-
cal changes, and a series of currently unravelled genetic aber-
rations. Both the mitogen-activated protein kinase (MAPK)
signalling pathway and the PTEN/AKT pathway are involved
in the growth control of melanocytes [65]. Activation of these
pathways following somatic mutations in the RAS and
RAF genes might represent one of the initial steps in the
development of melanocytic naevi [66]. The BRAF oncogene
on chromosome 7Q34 is commonly mutated in over 70% of
MMs [67], but this mutation is absent in giant congenital
melanocytic naevi [68]. MM with multiple naevi and BRAF
mutation occur more frequently at a younger age and
on intermittently sun-exposed sites [69]. By contrast, p53
mutations are more common in lentigo maligna or MM
developed on chronically sun-exposed sites of older patients
showing prominent actinic damage [70]. Distinct somatic
gene mutations such as at the cKIT locus were identified in
other MMs, particularly on the mucosa, palms, and soles
[71], and in hyperpigmented MM [15]. Genes potentially
involved in MM metastases include those involved in the
MAPK pathway, such as BRAF and RAS. New MM therapies
targeting the BRAF and cKIT pathways call for genotyping
MM in order to select the proper patients [71–76].
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Blue naevi, Spitz melanocytomas, congenital melanocyt-
ic naevi, and uveal MM do not or rarely contain BRAF mu-
tations [68]. By contrast, they contain other mutations such
as in the NRAS or HRAS genes [77]. In addition, somatic
mutations of GNAQ in the RAS-like domain were found
in both uveal MM and blue naevi [78]. Similarly to BRAF
mutations, the RAS and GNAQ mutations may cause MAPK
activation and form an alternative route for melanocytic
neoplasia [55]. Even if all these mutations seem to represent
early events in the development of melanocytic neoplasms,
they do not cause melanocytic progression towards MM.

5. Conclusion

Most of the molecular methods available in dermatopathol-
ogy currently remain research-based approaches. In such
setting, molecular diagnosis appears increasingly important
for predicting the biological behaviour of MM. New markers
correlating with poor prognosis have been reported. It ap-
pears that MM is a genetically heterogeneous neoplasm with
different risk phenotypes and genotypes.
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Hospital of Liège. No other sources of funding were used to
assist in the preparation of this paper. The authors appreciate
the excellent secretarial assistance of Mrs. Ida Leclercq.

References

[1] L. Brochez, E. Verhaeghe, E. Grosshans et al., “Inter-observer
variation in the histopathological diagnosis of clinically suspi-
cious pigmented skin lesions,” Journal of Pathology, vol. 196,
no. 4, pp. 459–466, 2002.

[2] O. E. Dadzie, J. Goerig, and J. Bhawan, “Incidental micro-
scopic foci of nevic aggregates in skin,” The American Journal
of Dermatopathology, vol. 30, no. 1, pp. 45–50, 2008.

[3] S. Lodha, S. Saggar, J. T. Celebi, and D. N. Silvers, “Discordance
in the histopathologic diagnosis of difficult melanocytic neo-
plasms in the clinical setting,” Journal of Cutaneous Pathology,
vol. 35, no. 4, pp. 349–352, 2008.

[4] M. R. Nasr and O. El-Zammar, “Comparison of pHH3, Ki-
67, and survivin immunoreactivity in benign and malignant
melanocytic lesions,” The American Journal of Dermatopathol-
ogy, vol. 30, no. 2, pp. 117–122, 2008.

[5] S. J. Ohsie, G. P. Sarantopoulos, A. J. Cochran, and S. W.
Binder, “Immunohistochemical characteristics of melanoma,”
Journal of Cutaneous Pathology, vol. 35, no. 5, pp. 433–444,
2008.

[6] A. G. Abdou, M. A. Hammam, S. E. El-Farargy et al., “Diag-
nostic and prognostic role of galectin 3 expression in cuta-
neous melanoma,” The American Journal of Dermatopathology,
vol. 32, no. 8, pp. 809–814, 2010.

[7] P. Quatresooz, C. Piérard-Franchimont, P. Paquet, and G. E.
Piérard, “Angiogenic fast-growing melanomas and their mi-
crometastases,” European Journal of Dermatology, vol. 20, no.
3, pp. 302–307, 2010.

[8] P. Quatresooz, M. A. Reginster, and G. E. Piérard, “The “ma-
lignant melanoma microecosystem”. Immunohistopathologi-
cal insights into the stromal cell phenotype. A review,” Exper-
imental and Therapeutic Medicine, vol. 2, no. 3, pp. 379–384,
2011.

[9] S. R. Alonso, P. Ortiz, M. Pollán et al., “Progression in cuta-
neous malignant melanoma is associated with distinct expres-
sion profiles. A tissue microarray-based study,” The American
Journal of Pathology, vol. 164, no. 1, pp. 193–203, 2004.

[10] N. Claessens, G. E. Piérard, C. Piérard-Franchimont, J. E.
Arrese, and P. Quatresooz, “Immunohistochemical detection
of incipient melanoma micrometastases. Relationship with
sentinel lymph node involvement,” Melanoma Research, vol.
15, no. 2, pp. 107–110, 2005.

[11] L. A. Fecher, S. D. Cummings, M. J. Keefe, and R. M. Alani,
“Toward a molecular classification of melanoma,” Journal of
Clinical Oncology, vol. 25, no. 12, pp. 1606–1620, 2007.

[12] P. Quatresooz, G. E. Piérard, C. Piérard-Franchimont, and the
Mosan Study Group of Pigmented Tumors, “Molecular path-
ways supporting the proliferation staging of malignant mel-
anoma,” International Journal of Molecular Medicine, vol. 24,
no. 3, pp. 295–301, 2009.

[13] P. Quatresooz, C. Piérard-Franchimont, G. E. Piérard, and the
Mosan Study Group of Pigmented Tumors, “Molecular his-
tology on the diagnostic cutting edge between malignant mel-
anomas and cutaneous melanocytomas,” Oncology Reports,
vol. 22, no. 6, pp. 1263–1267, 2009.

[14] D. Vitoux, S. Mourah, D. Kerob et al., “Highly sensitive mul-
tivariable assay detection of melanocytic differentiation anti-
gens and angiogenesis biomarkers in sentinel lymph nodes
with melanoma micrometastases,” Archives of Dermatology,
vol. 145, no. 10, pp. 1105–1113, 2009.

[15] J. M. Wu, H. Alvarez, P. Garcı́a et al., “Melanoma hyperpig-
mentation is strongly associated with KIT alterations,” The
American Journal of Dermatopathology, vol. 31, no. 7, pp. 619–
625, 2009.

[16] B. N. Bernaba, P. I. Vogiatzis, S. W. Binder, and D. S. Cassarino,
“Potentially useful markers for desmoplastic melanoma: an
analysis of KBA.62, p-AKT, and ezrin,” The American Journal
of Dermatopathology, vol. 33, no. 4, pp. 333–340, 2011.

[17] P. S. Nielsen, R. Riber-Hansen, and T. Steiniche, “Immunohis-
tochemical double stains against Ki67/MART1 and HMB45/
MITF: promising diagnostic tools in melanocytic lesions,” The
American Journal of Dermatopathology, vol. 33, no. 4, pp. 361–
370, 2011.

[18] P. Quatresooz and G. E. Piérard, “Malignant melanoma: from
cell kinetics to micrometastases,” The American Journal of
Clinical Dermatology, vol. 12, no. 2, pp. 77–86, 2011.

[19] J. A. Carlson, J. S. Ross, A. Slominski et al., “Molecular di-
agnostics in melanoma,” Journal of the American Academy of
Dermatology, vol. 52, no. 5, pp. 743–775, 2005.

[20] K. K. Sra, M. Babb-Tarbox, S. Aboutalebi et al., “Molecular
diagnosis of cutaneous diseases,” Archives of Dermatology, vol.
141, no. 2, pp. 225–241, 2005.

[21] J. A. Carlson, J. S. Ross, and A. J. Slominski, “New techniques
in dermatopathology that help to diagnose and prognosticate
melanoma,” Clinics in Dermatology, vol. 27, no. 1, pp. 75–102,
2009.

[22] R. Lazova, B. E. Rothberg, D. Rimm, and G. Scott, “The
semaphorin 7A receptor plexin C1 Is lost during melanoma



Dermatology Research and Practice 5

metastasis,” The American Journal of Dermatopathology, vol.
31, no. 2, pp. 177–181, 2009.

[23] W. A. M. Blokx, M. C. van Dijk, and D. J. Ruiter, “Molecular
cytogenetics of cutaneous melanocytic lesions—diagnostic,
prognostic and therapeutic aspects,” Histopathology, vol. 56,
no. 1, pp. 121–132, 2010.

[24] O. E. Dadzie, M. Neat, A. Emley, J. Bhawan, and M. Mahal-
ingam, “Molecular diagnostics. An emerging frontier in der-
matopathology,” The American Journal of Dermatopathology,
vol. 33, pp. 1–16, 2011.

[25] O. E. Dadzie, S. Yang, A. Emley, M. Keady, J. Bhawan, and M.
Mahalingam, “RAS and RAF mutations in banal melanocytic
aggregates contiguous with primary cutaneous melanoma:
clues to melanomagenesis,” The British Journal of Dermatology,
vol. 160, no. 2, pp. 368–375, 2009.

[26] P. Uribe, I. I. Wistuba, and S. Gonzalez, “Allelotyping,
microsatellite instability, and braf mutation analyses in com-
mon and atypical melanocytic nevi and primary cutaneous
melanomas,” The American Journal of Dermatopathology, vol.
31, no. 4, pp. 354–363, 2009.

[27] Y. Zhou, D. L. Dai, M. Martinka et al., “Osteopontin
expression correlates with melanoma invasion,” Journal of
Investigative Dermatology, vol. 124, no. 5, pp. 1044–1052, 2005.

[28] M. A. Carless and L. R. Griffiths, “Cytogenetics of melanoma
and nonmelanoma skin cancer,” Advances in Experimental
Medicine and Biology, vol. 624, pp. 227–240, 2008.

[29] S. Gellrich, R. Ventura, M. Jones, S. Y. Tan, and D. Y. Mason,
“Immunofluorescent and FISH analysis of skin biopsies,” The
American Journal of Dermatopathology, vol. 26, no. 3, pp. 242–
247, 2004.

[30] B. C. Bastian, M. Kashani-Sabet, H. Hamm et al., “Gene am-
plifications characterize acral melanoma and permit the de-
tection of occult tumor cells in the surrounding skin,” Cancer
Research, vol. 60, no. 7, pp. 1968–1973, 2000.

[31] M. Braun-falco, W. Schempp, and W. Weyers, “Molecular
diagnosis in dermatopathology: what makes sense, and what
doesn’t,” Experimental Dermatology, vol. 18, no. 1, pp. 12–23,
2009.

[32] P. Gerami, S. S. Jewell, L. E. Morrison et al., “Fluorescence
in situ hybridization (FISH) as an ancillary diagnostic tool in
the diagnosis of melanoma,” The American Journal of Surgical
Pathology, vol. 33, no. 8, pp. 1146–1156, 2009.

[33] A. L. Morey, R. Murali, S. W. McCarthy, G. J. Mann, and R.
A. Scolyer, “Diagnosis of cutaneous melanocytic tumours by
four-colour fluorescence in situ hybridisation,” Pathology, vol.
41, no. 4, pp. 383–387, 2009.

[34] M. D. Newman, T. Lertsburapa, M. Mirzabeigi, M. Mafee, J.
Guitart, and P. Gerami, “Fluorescence in situ hybridization
as a tool for microstaging in malignant melanoma,” Modern
Pathology, vol. 22, no. 8, pp. 989–995, 2009.

[35] M. D. Newman, M. Mirzabeigi, and P. Gerami, “Chromo-
somal copy number changes supporting the classification of
lentiginous junctional melanoma of the elderly as a subtype of
melanoma,” Modern Pathology, vol. 22, no. 9, pp. 1258–1262,
2009.

[36] J. D. Lee, E. R. Unger, C. Gittenger, D. R. Lee, R. Hebert, and J.
C. Maize, “Interphase cytogenetic analysis of 1q12 satellite III
DNA in melanocytic lesions: increased aneuploidy with malig-
nant histology,” The American Journal of Dermatopathology,
vol. 23, no. 3, pp. 176–180, 2001.

[37] J. W. M. Jeuken, S. H. E. Sprenger, and P. Wesseling, “Com-
parative genomic hybridization: practical guidelines,” Diag-
nostic Molecular Pathology, vol. 11, no. 4, pp. 193–203, 2002.

[38] B. C. Bastian, A. B. Olshen, P. E. LeBoit, and D. Pinkel, “Clas-
sifying melanocytic tumors based on DNA copy number
changes,” The American Journal of Pathology, vol. 163, no. 5,
pp. 1765–1770, 2003.

[39] J. Bauer and B. C. Bastian, “Distinguishing melanocytic nevi
from melanoma by DNA copy number changes: comparative
genomic hybridization as a research and diagnostic tool,” Der-
matologic Therapy, vol. 19, no. 1, pp. 40–49, 2006.

[40] B. C. Bastian, A. B. Olshen, P. E. LeBoit, and D. Pinkel, “Classi-
fying melanocytic tumours based on DNA copy number chan-
ges,” The American Journal of Pathology, vol. 163, no. 5, pp.
1765–1770, 2003.

[41] P. D. Da Forno, A. Fletcher, J. H. Pringle, and G. S. Saldanha,
“Understanding spitzoid tumours: new insights from molec-
ular pathology,” The British Journal of Dermatology, vol. 158,
no. 1, pp. 4–14, 2008.

[42] M. J. Murphy, M. Jen, M. W. Chang, J. M. Grant-Kels, and H.
Makkar, “Molecular diagnosis of a benign proliferative nodule
developing in a congenital melanocytic nevus in a 3-month-
old infant,” Journal of the American Academy of Dermatology,
vol. 59, no. 3, pp. 518–523, 2008.

[43] P. Quatresooz, C. Piérard-Franchimont, and G. E. Piérard,
“Highlighting the immunohistochemical profile of melanocy-
tomas,” Oncology Reports, vol. 19, no. 6, pp. 1367–1372, 2008.

[44] B. C. Bastian, J. Xiong, I. J. Frieden et al., “Genetic changes in
neoplasms arising in congenital melanocytic nevi: differences
between nodular proliferations and melanomas,” The Ameri-
can Journal of Pathology, vol. 161, no. 4, pp. 1163–1169, 2002.

[45] M. Kunz, S. M. Ibrahim, D. Koczan, S. Scheid, H. J. Thiesen,
and G. Gross, “DNA microarray technology and its applica-
tions in dermatology,” Experimental Dermatology, vol. 13, no.
10, pp. 593–606, 2004.

[46] K. Sellheyer and T. J. Belbin, “DNA microarrays: from struc-
tural genomics to functional genomics. The applications of
gene chips in dermatology and dermatopathology,” Journal of
the American Academy of Dermatology, vol. 51, no. 5, pp. 681–
692, 2004.

[47] S. S. Koh, M. L. Opel, J. P. J. Wei et al., “Molecular classification
of melanomas and nevi using gene expression microarray
signatures and formalin-fixed and paraffin-embedded tissue,”
Modern Pathology, vol. 22, no. 4, pp. 538–546, 2009.

[48] H. Takeuchi, D. L. Morton, C. Kuo et al., “Prognostic signif-
icance of molecular upstaging of paraffin-embedded sentinel
lymph nodes in melanoma patients,” Journal of Clinical Onco-
logy, vol. 22, no. 13, pp. 2671–2680, 2004.

[49] B. Boone, M. V. Gele, J. Lambert, M. Haspeslagh, and L.
Brochez, “The role of RhoC in growth and metastatic capacity
of melanoma,” Journal of Cutaneous Pathology, vol. 36, no. 6,
pp. 629–636, 2009.

[50] C. Tatlidil, W. S. Parkhill, C. A. Giacomantonio, W. L. Greer,
S. F. Morris, and N. M. G. Walsh, “Detection of tyrosinase
mRNA in the sentinel lymph nodes of melanoma patients
is not a predictor of short-term disease recurrence,” Modern
Pathology, vol. 20, no. 4, pp. 427–434, 2007.

[51] R. A. Scolyer, R. Murali, S. W. McCarthy, and J. F. Thomp-
son, “Pathologic examination of sentinel lymph nodes from
melanoma patients,” Seminars in Diagnostic Pathology, vol. 25,
no. 2, pp. 100–111, 2008.

[52] M. G. Cook and S. Di Palma, “Pathology of sentinel lymph
nodes for melanoma,” Journal of Clinical Pathology, vol. 61, no.
8, pp. 897–902, 2008.

[53] M. C. van Dijk, P. D. Rombout, S. H. Boots-Sprenger et al.,
“Multiplex ligation-dependent probe amplification for the de-
tection of chromosomal gains and losses in formalin-fixed



6 Dermatology Research and Practice

tissue,” Diagnostic Molecular Pathology, vol. 14, no. 1, pp. 9–
16, 2005.

[54] J. Rangel, M. Nosrati, S. P. L. Leong et al., “Novel role for RGS1
in melanoma progression,” The American Journal of Surgical
Pathology, vol. 32, no. 8, pp. 1207–1212, 2008.

[55] M. Erali, K. V. Voelkerding, and C. T. Wittwer, “High reso-
lution melting applications for clinical laboratory medicine,”
Experimental and Molecular Pathology, vol. 85, no. 1, pp. 50–
58, 2008.

[56] D. J. Bunyan, A. C. Skinner, E. J. Ashton et al., “Simultaneous
MLPA-based multiplex point mutation and deletion analysis
of the dystrophin gene,” Molecular Biotechnology, vol. 35, no.
2, pp. 135–140, 2007.

[57] D. T. Bishop, F. Demenais, A. M. Goldstein et al., “Geograph-
ical variation in the penetrance of CDKN2A mutations for
melanoma,” Journal of the National Cancer Institute, vol. 94,
no. 12, pp. 894–903, 2002.

[58] J. A. Newton Bishop and N. A. Gruis, “Genetics: what advice
for patients who present with a family history of melanoma?”
Seminars in Oncology, vol. 34, no. 6, pp. 452–459, 2007.

[59] A. M. Goldstein, M. Chan, M. Harland et al., “Features asso-
ciated with germline CDKN2A mutations: a GenoMEL study
of melanoma-prone families from three continents,” Journal of
Medical Genetics, vol. 44, no. 2, pp. 99–106, 2007.

[60] P. Helsing, D. A. Nymoen, S. Ariansen et al., “Population-
based prevalence of CDKN2A and CDK4 mutations in pa-
tients with multiple primary melanomas,” Genes Chromosomes
and Cancer, vol. 47, no. 2, pp. 175–184, 2008.

[61] V. Bataille, “Genetic epidemiology of melanoma,” European
Journal of Cancer, vol. 39, no. 10, pp. 1341–1347, 2003.

[62] A. Liede, B. Y. Karlan, and S. A. Narod, “Cancer risks for male
carriers of germline mutations in BRCA1 or BRCA2. A review
of the literature,” Journal of Clinical Oncology, vol. 22, no. 4,
pp. 735–742, 2004.

[63] D. E. Freedberg, S. H. Rigas, J. Russak et al., “Frequent p16-
independent inactivation of p14ARF in human melanoma,”
Journal of the National Cancer Institute, vol. 100, no. 11, pp.
784–795, 2008.

[64] M. Singh, J. Lin, T. L. Hocker, and H. Tsao, “Genetics of mela-
noma tumorigenesis,” The British Journal of Dermatology, vol.
158, no. 1, pp. 15–21, 2008.

[65] C. Dahl and P. Guldberg, “The genome and epigenome of ma-
lignant melanoma,” APMIS, vol. 115, no. 10, pp. 1161–1176,
2007.

[66] A. J. Miller and M. C. Mihm Jr., “Melanoma,” The New Eng-
land Journal of Medicine, vol. 355, no. 1, pp. 51–65, 2006.

[67] H. Davies, G. R. Bignell, C. Cox et al., “Mutations of the BRAF
gene in human cancer,” Nature, vol. 417, no. 6892, pp. 949–
954, 2002.

[68] D. Wu, M. Wang, X. Wang et al., “Lack of BRAFV600E muta-
tions in giant congenital melanocytic nevi in a chinese pop-
ulation,” The American Journal of Dermatopathology, vol. 33,
no. 4, pp. 341–344, 2011.

[69] J. L. Maldonado, J. Fridlyand, H. Patel et al., “Determinants
of BRAF mutations in primary melanomas,” Journal of the
National Cancer Institute, vol. 97, pp. 401–402, 2003.

[70] N. M. Richmond-Sinclair, E. Lee, M. C. Cummings et al.,
“Histologic and epidemiologic correlates of P-MAPK, Brn-2,
pRb, p53, and p16 immunostaining in cutaneous melanomas,”
Melanoma Research, vol. 18, no. 5, pp. 336–345, 2008.

[71] J. A. Curtin, K. Busam, D. Pinkel, and B. C. Bastian, “Somatic
activation of KIT in distinct subtypes of melanoma,” Journal
of Clinical Oncology, vol. 24, no. 26, pp. 4340–4346, 2006.

[72] J. Lutzky, J. Bauer, and B. C. Bastian, “Dose-dependent, com-
plete response to imatinib of a metastatic mucosal melanoma
with a K642E KIT mutation,” Pigment Cell and Melanoma
Research, vol. 21, no. 4, pp. 492–493, 2008.

[73] G. Bollag, P. Hirth, J. Tsai et al., “Clinical efficacy of a RAF
inhibitor needs broad target blockade in BRAF-mutant mela-
noma,” Nature, vol. 467, no. 7315, pp. 596–599, 2010.

[74] K. T. Flaherty, I. Puzanov, K. B. Kim et al., “Inhibition of
mutated, activated BRAF in metastatic melanoma,” The New
England Journal of Medicine, vol. 363, no. 9, pp. 809–819, 2010.

[75] J. N. Sondergaard, R. Nazarian, Q. Wang et al., “Differential
sensitivity of melanoma cell lines with BRAFV600E mutation to
the specific Raf inhibitor PLX4032,” Journal of Translational
Medicine, vol. 8, article 39, 2010.

[76] A. Viros, J. Fridlyand, J. Bauer et al., “Improving melanoma
classification by integrating genetic and morphologic fea-
tures,” PLoS Medicine, vol. 5, article e120, 2008.

[77] N. Ichii-Nakato, M. Takata, S. Takayanagi et al., “High
frequency of BRAFV600E mutation in acquired nevi and small
congenital nevi, but low frequency of mutation in medium-
sized congenital nevi,” Journal of Investigative Dermatology,
vol. 126, no. 9, pp. 2111–2118, 2006.

[78] C. D. Van Raamsdonk, V. Bezrookove, G. Green et al., “Fre-
quent somatic mutations of GNAQ in uveal melanoma and
blue naevi,” Nature, vol. 457, no. 7229, pp. 599–602, 2009.



Hindawi Publishing Corporation
Dermatology Research and Practice
Volume 2012, Article ID 354191, 5 pages
doi:10.1155/2012/354191

Review Article

RAS/RAF/MEK/ERK and PI3K/PTEN/AKT Signaling in
Malignant Melanoma Progression and Therapy

Ichiro Yajima, Mayuko Y. Kumasaka, Nguyen Dinh Thang, Yuji Goto,
Kozue Takeda, Osamu Yamanoshita, Machiko Iida, Nobutaka Ohgami,
Haruka Tamura, Yoshiyuki Kawamoto, and Masashi Kato

Unit of Environmental Health Sciences, Department of Biomedical Sciences, College of Life and Health Sciences, Chubu University,
Kasugai, Aichi 487-8501, Japan

Correspondence should be addressed to Masashi Kato, katomasa@isc.chubu.ac.jp

Received 12 May 2011; Accepted 9 August 2011

Academic Editor: Pascale Quatresooz

Copyright © 2012 Ichiro Yajima et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Cutaneous malignant melanoma is one of the most serious skin cancers and is highly invasive and markedly resistant to
conventional therapy. Melanomagenesis is initially triggered by environmental agents including ultraviolet (UV), which induces
genetic/epigenetic alterations in the chromosomes of melanocytes. In human melanomas, the RAS/RAF/MEK/ERK (MAPK) and
the PI3K/PTEN/AKT (AKT) signaling pathways are two major signaling pathways and are constitutively activated through genetic
alterations. Mutations of RAF, RAS, and PTEN contribute to antiapoptosis, abnormal proliferation, angiogenesis, and invasion
for melanoma development and progression. To find better approaches to therapies for patients, understanding these MAPK and
AKT signaling mechanisms of melanoma development and progression is important. Here, we review MAPK and AKT signaling
networks associated with melanoma development and progression.

Cell signaling pathways are important for understanding not
only cancer progression but also all life phenomena, in-
cluding regulation of cell growth and death, migration, and
angiogenesis [1–4]. Moreover, the events are accurately con-
trolled by various intracellular signal transduction molecules
[2, 5–7]. In cancer progression, the signaling is hyperacti-
vated and/or silenced irreversibly. These irreversible losses
of control in signal transduction allow cancers to acquire
cancer-progression-specific phenotypes, such as antiapop-
tosis, abnormal proliferation, angiogenesis, and invasion.
Previous studies revealed that collapse of signaling control
was induced by both genetic and environmental factors [8–
12].

Melanin-producing cells, acquired in several species from
fungi to primates in the long evolutionary process, have
many advantageous functions for survival strategy [13–19].
Melanocytes, melanin-producing cells that are the origin
of melanoma, are developed from neural crest cells with
several types of cell signaling pathways and gene expression

[15, 20–22]. Human melanomas are categorized as nevus-
associated melanomas and de novo melanomas based on
their developmental process. Nevus-associated melanomas
are transformants of preexisting benign lesions, and their
malignant conversion progresses in a multistep manner
[23–26]. De novo melanomas develop without pre-existing
benign lesions [6, 27–29]. In humans, most melanomas are
thought to have developed de novo. RFP-RET transgenic
mice of line 304/B6 (RET mice) are powerful tools for
analyses of melanoma with pre-existing benign lesions [6,
30, 31]. The entire process of melanoma development via
tumor-free, benign, premalignant, and malignant stages in
RET mice corresponds to the multistep melanomagenesis in
humans [32]. Recently, we identified ZFP 28, CD109, and
c-RET as melanoma-related molecules through analysis of
tumors in RET mice [4, 33, 34].

Melanoma progression is closely associated with onco-
genic change: (1) genetic alteration (heritable changes in the
DNA sequence such as gene mutations, deletions, ampli-
fications, or translocations) and (2) epigenetic alteration
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Figure 1: Signal transduction in melanoma development and progression. Extracellular signaling (ligand) triggers intracellular signaling
through receptors such as tyrosine kinases (RTK). Triggered signals are transduced via verious factors, including tyrosine kinases, phos-
phatases, inhibitors, cofactors, and transcription factors and affect melanoma development and progression. Abbreviations: AKT thymoma
viral proto-oncogene; MDM2 transformed mouse 3T3 cell double minute 2; mTOR mechanistic target of rapamycin; PI3K Phosphoinositide
3-kinase, PIP3, Phosphatidylinositol (3, 4, 5)-trisphosphate; PTEN phosphatase and tensin homolog.

(modulated transcriptional activities by DNA methylations
and/or by chromatin alterations). Much information asso-
ciated with melanoma development such as information on
gene mutations, alterations of gene expression patterns, and
protein activities has been reported.

The RAS/RAF/MEK/ERK pathway, one of the most
well-known pathways involved in melanoma progression, is
regulated by receptor tyrosine kinases, cytokines, and heter-
otrimeric G-protein-coupled receptors [35]. The small G
protein RAS (HRAS, KRAS, and NRAS in humans) is
localized to the plasma membrane and activates a down-
stream factor, RAF (ARAF, BRAF and CRAF in humans)
followed by sequential activation of MEK and ERK, and this
signal is finally transduced to regulation of transcription in
the nucleus (Figure 1) [36]. This pathway is constitutively
activated by growth factors such as stem cell factor (SCF),

fibroblast growth factor (FGF), hepatocyte growth factor
(HGF), and glial-cell-derived neurotrophic factor (GDNF)
[37, 38], though activation of this signal is weak in mel-
anocytes.

ERK is hyperactivated in 90% of human melanomas [39]
by growth factors [40] and by genetic alterations of upstream
factors, RAS, and RAF proteins [41]. In humans, NRAS
and BRAF genes are mutated in 15% to 30% and in
50% to 70% of human melanomas, respectively, leading
to their permanent activation [41] followed by promo-
tion of proliferation, survival, invasion, and angiogenesis
of melanoma [42, 43]. BRAF signaling is also associated
with NFκB promoter activity. Inhibition of BRAF signaling
decreased NFκB promoter activity associated with survival,
invasiveness and angiogenesis for melanoma formation [44,
45].
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PTEN, containing a phosphatase domain, is inactivated
in 12% of melanomas through mutation or methylation
[46]. A substrate of PTEN, phosphatidylinositol (3,4,5)-
trisphosphate (PIP3) and phosphorylates AKT [47], which
activates cell survival, proliferation, cancer promotion, and
antiapoptotic signaling through mTOR (mammalian target
of rapamycin) and NF-κB pathways in melanoma (Figure 1)
[48–51]. RAS can also bind and activate PI3K, resulting in
increased AKT activity [52]. MDM2 is a ubiquitin ligase
that targets p53 (an apoptosis-associated tumor-suppressor
protein) for degradation and is highly expressed in 6% of
dysplastic nevi, 27% of melanoma in situ, and 56% of inva-
sive primary and metastatic melanomas [53]. MDM2 is also
a substrate for AKT [54–56]. Taken these results indicate that
AKT/MDM2 pathway is involved in melanoma progression
(Figure 1).

Recently, many persistent studies developed therapeutics
and drugs for melanomas. Phase 2 study for melanoma pa-
tients was tested by using the combination of bevacizumab,
an inhibitor of angiogenesis, and everolimus, an inhibitor of
mTOR which is a downstream target of PI3K/PTEN/AKT
signaling. In this study, 12% of malignant melanoma patients
achieved major responses [57]. Plexxikon (PLX4032) is a
novel selective inhibitor for BRAFV600E, a major activated
mutation observed in 60% of human melanomas [41]. This
inhibitor is dramatically effective in 74–80% of patients with
BRAFV600E-positive melanomas [58–60]. However, tumors
grow and progress again in almost all patients from about
7 months after initial treatment of PLX4032 [58, 60]. Recent
studies have revealed that treatment with PLX4032 activates
a novel pathway leading to regrowth and reprogression
of tumors with bypass of BRAF signaling, resulting in
tumors acquiring resistance to the BRAF inhibitor [61–65].
Molecular-based targeted treatments are usually effective
only in a subset of patients, and predictive molecular tests
are required to identify tumors with an activated targeted
pathway and to select patients with a good chance of re-
sponse. On the other hand, treatment with bortezomib, a
NF-κB inhibitor, alone or combined with paclitaxel and
carboplatin showed no clinical effect on malignant mel-
anoma patients in phase 2 study even though NF-κB is a
downstream target of RAF and AKT [66, 67]. These lim-
ited effects indicate that signaling pathways in malignant
melanomas may compensate each other to make resistance
to molecular-targeted therapy. Thus, molecular mechanisms
of melanoma development and progression are complicated
and melanoma therapy is still incomplete. Further studies
and a better understanding of melanoma development and
progression are needed to establish effective therapeutics
with few harmful side effects.
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As melanoma survival rates continue to increase, optimal surveillance strategies for recurrences are needed, as are effective
imaging modalities. Therefore, we performed a meta-analysis to evaluate the current state of imaging modalities for surveillance
of melanoma in the published medical literature to determine the sensitivity, specificity, and positive predictive values of
ultrasonography, computed tomography (CT), positron emission tomography (PET), and CT-PET combined. Ultrasonography
was found to be the most sensitive and specific for detecting lymph node metastases, and PET-CT was the most sensitive and
specific for detecting distant metastases. In addition to identifying appropriate surveillance methods, future studies should focus
on the most effective and cost-effective intervals for performing these tests. In addition, the results from the meta-analysis related
to sensitivity and specificity of the tests should be made available to doctors in community practice.

1. Introduction

The number of melanoma survivors in the United States
continues to increase, largely because of the successful treat-
ment of newly diagnosed, early-stage disease [1]. However,
up to 50% of these patients are at risk for recurrence, which is
most common in the years immediately after diagnosis [2–7].
An estimated 20% of all first recurrences occur locally, 50%
occur in the regional lymph nodes, and 30% arise at distant
sites [8]. Despite the known benefits of early detection of
recurrence, no evidence-based surveillance guidelines exist
and clinical patterns vary widely [8]. Thus, it is important
to define optimal follow-up strategies, including the most
effective tests and evaluation intervals.

The increased number of melanoma survivors poses
several potential clinical issues. First, as more cancer patients
survive, doctors have an obligation to provide effective post-
treatment surveillance as well as evaluate and treat new pa-
tients [9–12]. Second, it has been estimated that as many
as 72% of melanoma patients detect their own recurrences;
thus, it may be argued that patients provide adequate sur-
veillance on their own [13]. However, this estimate may be
flawed as studies have not determined whether these recur-
rences were directly or indirectly detected (direct measures

are those in which patients primarily detect their own re-
currence; indirect measures are those in which a patient ini-
tiates followup with a physician, who subsequently detects
the recurrence) [14]. In addition, the actual rate of patient-
detected recurrences is unclear because multiple strategies
have been used to evaluate recurrence detection [14].

Despite advances in imaging technology, most recur-
rences are detected on clinical examination by the patient or
physician [13]. Whether there is a survival benefit from early
detection of metastases is controversial because patients with
disseminated disease have historically had limited treatment
options [14]. Assuming that early detection of melanoma
metastases results is beneficial, identifying the most effective
contemporary diagnostic imaging modalities is crucial. We
recently performed a meta-analysis of the published medical
literature [15] using statistical Bayesian bivariate binomial
models to combine the data [16].

2. Methods

Patient-level data was extracted from published studies
which used ultrasonography, computed tomography (CT),
positron emission tomography (PET), and CT and PET
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1020 excluded on the
basis of lack of patient

level data and/or lack of
reported gold standard

74 articles∗ (10, 528

patients) included in

the meta-analysis

2 excluded because of

overlapping data

Search terms:

ultrasound, computed tomography,
positron-emission tomography, and
positron-emission tomography with

computerized tomography

22
ultrasonography

13 CT scan

42 PET scan

13 PET-CT

Quality assessment using QUADAS scale to
identify potential bias (sample representa-
tiveness, selection criteria, appropriateness

∗Articles may have included the use of multiple modalities

of references test) [17]

1096 articles identified melanoma, lymph node metastasis,

Figure 1: Meta-analysis selection process.

combined (CT-PET) to detect regional lymph nodes and
distant metastases in melanoma patients. The eligibility cri-
terion for study inclusion was a minimum of 6 months of
posttreatment followup to provide an opportunity for ad-
ditional imaging or clinical information to determine the
accuracy and precision of these imaging modalities. Imaging
results were classified as true positive, true negative, false
negative, or false positive using primarily histologic analyses
of suspicious sites (lymph node specimens or distant metas-
tases) or clinical outcomes after a minimum of 6 months of
postdiagnosis surveillance. A 14-item Quality Assessment of
Diagnostic Accuracy Studies (QUADAS) scale was used to
evaluate each study to determine potential sources of bias
within each of the articles included in the meta-analysis [17].

In addition to sensitivity and specificity, the diagnostic
odds ratio (calculated as the (TP/FN)/(FP/TN)) was also
used as an indicator of test performance. The 95% credible
intervals (CrI), which are used in Bayesian statistics for
interval estimation, were calculated for each test estimate.
Bayesian models were used for the meta-analysis because
they can be applied to both large and small studies without
ad hoc correction [16]. The positive predictive value for
each imaging modality was also calculated for patients with
estimated low (5%), intermediate (15%), and high (30%)
risks of recurrence.

3. Results and Discussion

We identified 74 studies that evaluated the utility of ultra-
sonography, CT, PET, and CT-PET (Figure 1) for the de-
tection of melanoma recurrence. These studies included data
from 10,528 melanoma patients, whose data were extracted
and used to create two-by-two tables. The mean overall
QUAdAS score for all of the studies was 5.8, with a standard
deviation of 2.5, indicating that most of the studies were of
only fair quality but satisfied the needs for this assessment.

Among the four imaging modalities, ultrasonography
had the highest sensitivity, 96% (95% CrI: 85–99); specificity,
99% (95% CrI: 95–100); diagnostic odds ratio, 1675 (95%
CrI: 226.6–15920) for lymph node metastasis surveillance
compared with CT, PET, and PET-CT (Table 1). Similarly,
ultrasonography had the highest positive predictive value,
83% (95% CrI = 36–100), for the detection of lymph node
metastasis. For the surveillance of distant melanoma metas-
tasis, PET-CT had the highest sensitivity, 86% (95% CrI: 76–
93) and diagnostic odds ratio, 67 (95% CrI: 76–93).

The results of this meta-analysis indicate that the ana-
tomic site to be evaluated should be considered when choos-
ing an imaging modality. Of the four diagnostic imaging
modalities evaluated, ultrasonography was the most sensitive
and specific and had the highest positive predictive value
for lymph node assessment. PET-CT was the most sensitive
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Table 1: Surveillance of melanoma patients (adapted from Xing et al. [15]).

Surveillance imaging modality findings

Method Sensitivity Specificity Diagnostic odds ratio

Ultrasound 96% (85%–99%) 99% (95%–100%) 1675 (226.6–15920)

CT scan 61% (15%–93%) 97% (70%–100%) 46.25 (2.27–1354)

PET scan 87% (67%–96%) 98% (93%–100%) 391 (68–2737)

CT-PET scan 65% (20%–93%) 99% (92%–100%) 196 (10.77–4675)

and specific and had the highest positive predictive value for
distant metastasis surveillance, but it also had the highest
number of false positives, resulting in lower specificity and
loss of precision. Furthermore, for patients at low risk of
metastasis, the low positive predictive value of PET-CT at
33% (95% CrI: 9–61) suggests that its routine use is not
warranted in this scenario without additional clinical indi-
cations.

The meta-analysis included all eligible studies from 1990
to 2009 with data on contemporary imaging modalities used
for the surveillance of melanoma survivors. The literature
search was performed using MEDLINE (from January 1,
1990, through June 30, 2009), Cancerlit (from January 1,
1990, through October 31, 2002), and the Controlled Trials
Register from the Cochrane Library (from January 1, 1990,
through June 30, 2009) and key words: “melanoma”; “lymph
node metastasis”; “ultrasound”; “computed tomography”;
“positron-emission tomography”; “positron emission tomo-
graphy with computerized tomography.” Publications were
only eligible if they were in English. An additional strength of
the analysis is the Bayesian model which was applied in order
to appropriately integrate heterogeneous data from both
large and small studies [18]. Limitations of the meta-analysis
include the advancement of diagnostic imaging technology
over the past ten years as well as potential selection bias of
studies included. Laboratory assessment has also been used
for surveillance of melanoma recurrences but was not includ-
ed in the meta-analysis; however, no prospective studies exist
to support its use [1]. Such assessments may not be necessary
for effective postdiagnosis surveillance.

It is widely acknowledged that no evidence-based strate-
gies exist for most cancers, including melanoma [19]. As the
number of cancer survivors and the availability of contem-
porary medical technologies increase, so does the cost of sur-
vivorship care [14]. Over a decade ago, Brobeil et al. [20] re-
ported that recurrence screening in melanoma survivors
accounted for an estimated 80% of care costs which could
total $27 to $32 million to provide effective surveillance to all
patients over a 20-year period.

Creating effective and cost-effective clinical practice
guidelines for posttreatment cancer surveillance is critical.
Such guidelines, if evidence based, may be useful for meas-
uring quality of care in different settings [21–29].

The next step in evaluating the evidence for melanoma
practice guidelines is to evaluate the appropriate intervals for
followup in patients at varying risk of recurrence [30]. While
the gold standard for such an evaluation is a randomized
controlled study, such studies with multiple comparisons and
long follow-up intervals are difficult to conduct. Melanoma

surveillance recommendations should consider type of eval-
uation (examination with or without diagnostic imaging),
frequency, and duration. In their research, Brobeil et al. [20]
found that an intensive follow-up program led to a high-
er detection rate of melanoma in situ (noninvasive stage I
melanomas) and a lower detection rate of invasive mela-
nomas, indicating that frequent follow-up examinations
may be beneficial. However, the investigators acknowledged
that their recommendations were not particularly cost ef-
fective, which may lead to decreased implementation across
the medical community. Other studies have reported that
intense, frequent followups serve only to increase patient
anxiety [14]. Thus, it is important to find a balance between
intense follow-up schedules and minimal schedules, which
may result in early-stage recurrences going undetected.
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miRNAs are non-coding RNAs that bind to mRNA targets and disturb their stability and/or translation, thus acting in gene
posttranscriptional regulation. It is predicted that over 30% of mRNAs are regulated by miRNAs. Therefore these molecules are
considered essential in the processing of many biological responses, such as cell proliferation, apoptosis, and stress responsiveness.
As miRNAs participate of virtually all cellular pathways, their deregulation is critical to cancer development. Consequently, loss or
gain of miRNAs function may contribute to tumor progression. Little is known about the regulation of miRNAs and understanding
the events that lead to changes in their expression may provide new perspectives for cancer treatment. Among distinct types of
cancer, melanoma has special implications. It is characterized as a complex disease, originated from a malignant transformation
of melanocytes. Despite being rare, its metastatic form is usually incurable, which makes melanoma the major death cause of
all skin cancers. Some molecular pathways are frequently disrupted in melanoma, and miRNAs probably have a decisive role on
these alterations. Therefore, this review aims to discuss new findings about miRNAs in melanoma fields, underlying epigenetic
processes, and also to argue possibilities of using miRNAs in melanoma diagnosis and therapy.

1. Introduction

Gene expression profiles characterize cells of specific tissues.
Alterations on these patterns can promote cell homeostasis
disruption leading to the appearance of some diseases,
including cancer. In this regard, it is very important to
comprehend how gene expression is regulated. One of the
mechanisms of gene control is associated with the dynamic
equilibrium between mRNA translation and its degradation
and this process is intermediated by a special class of non-
coding small RNAs. miRNAs (microRNAs), siRNAs (small
interfering RNAs), and piRNAs (Piwi-interacting RNAs) are
some elements that characterized the group of noncoding
small RNAs, and the main differences between them are
their molecular origin, biogenesis course, and size (for review
see [1, 2]). These tiny molecules participate directly in gene
expression outcome by physical interaction with mRNAs [3]
and indirectly through aiding heterochromatin formation
[4]. Therefore, due to their ability in interfering in tran-
scriptome, small RNAs virtually participate on all biological

processes. piRNAs and siRNAs seem to be important in
gametogenesis and retrotransposon silencing of mammalian
germ line [5, 6], as well as embryo development. Recently,
it was demonstrated that some changes on small RNA
expression pattern occur during mouse embryo develop-
ment. These alterations encompass reduction of piRNAs and
siRNAs expression with a simultaneity increase of miRNA
expression. As a consequence, in somatic mammalian cells it
is observed a predominance of miRNA expression compared
to other small RNAs [7]. In fact, miRNAs are one of
the most well-characterized small RNAs, although much
about them still remains unclear. The first miRNA was
discovered by Lee and colleagues in Caenorhabditis elegans.
They demonstrated that miRNA lin-4 negatively regulates
LIN-14 protein expression and it is indispensable for normal
progress of postembryonic developmental events in this
worm [8]. Since that, miRNAs were found in a variety of
organisms. Collective studies with multiple species demon-
strated that some of these tiny molecules are extremely
conserved through evolution [9]. The total amount of
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miRNAs described has also increased. Until now, it was
identified more than 600 and 450 miRNAs in humans
and mice, respectively, (http://www.microRNA.org/). These
numbers tend to increase as a result of technology advances,
such as high-throughput sequencing [10]. For these reasons,
miRNAs were classified as a major class of gene regulatory
molecules with expectancy of over 30% of human coding
genes been directly regulated by them [11].

miRNAs expression considerably change on tumor cells;
some miRNAs that negatively regulates oncoproteins are
downregulated during malignant transformation cells while
others that target mRNA of tumor suppressors are upregu-
lated. These miRNAs are known as tumor suppressor miRNA
and onocogenic miRNA (oncomiRs), respectively, [12].

Considering all different types of malignant tumors,
melanoma has special implications. Although this malady
is rare compared to other skin tumors, it depicts a large
socioeconomic impact, especially for the fact that it has an
elevated incidence among young people [13]. Melanoma
develops from melanocyte malignant transformation, which
is responsible for melanin synthesis. This pigment is
distributed among epidermal keratinocytes, in order to
avoid possible DNA lesions promoted mainly by ultraviolet
(UV) radiation [14]. Once melanocytes are often under
substantial genotoxic stress conditions [15], these cells are
considerably more resistant to apoptosis [16, 17]. This could
explain the absence of efficient treatments for metastatic
melanoma [18, 19]. As a result, metastatic melanoma
victims show high mortality rates with survival average
around 6 months. Hence, melanoma treatments are basically
limited to tumor surgical excision when early diagnosed
[20].

Molecular changes involved in melanoma initiation and
progression are caused by genetic and epigenetic alterations.
BRAF activation mutation and Cyclin D1 gene amplification
are well-characterized genetic alterations while global DNA
hypomethylation and modifications in histone marks cor-
respond to epigenetic changes, both frequently observed in
melanoma tumors [21].

In this regard, the aim of this paper is to review
the field involving melanoma, miRNAs, and epigenetics
and to access the influence of these molecular findings
in melanoma therapy perspective. Additionally, it will be
discussed the alterations on the components of miRNAs
biogenesis machinery during cancer development.

2. Disruption of miRNA Biogenesis Pathway
and Its Implication in Tumorigenesis

miRNAs are synthesized in a sequential way comprising two
principal events that involve Drosha and Dicer RNAses III
enzymes [22]. Subsequently, mature miRNAs are loaded in
a singular complex named RISC (RNA-induced silencing
complex), where mRNA translational repression occurs [23].
In the past, scientist believed that miRNAs were only
transcribed by RNA polymerase II, however now it is also
showed that some are transcribed by RNA polymerase
III [24]. In mammalian, miRNAs coding sequences are

mainly distributed in tandem through the genome and
these miRNA clusters are preferentially transcribed as poly-
cistronic transcribed unit [1]. Besides, gene mapping reveled
that many miRNA sequences are located in cancer-associated
genome regions (CAGRs) [25], and this could explain the
frequent modifications in miRNA expression during tumor
progression. Indeed, global miRNA expression is frequently
downregulated in cancer cells [26, 27].

Primary miRNAs (pri-miRNA) are the first precursors
of miRNAs. They are formed by several kilobases long
and stem-loop structures. Like other mRNAs, pri-miRNAs
undergo posttranscriptional changes, such as 5′-cap and 3′-
poly(A) tail [28]. pri-miRNAs are processed in the nucleus
by Drosha, in the presence of DGCR8 (DiGeorge syndrome
critical region) cofactor. Wang and collaborators demon-
strated that mouse stem cells Dgcr8 gene knockout presented
alterations in miRNA synthesis, which resulted in prolifera-
tion and differentiation defects [29]. Therefore, alterations in
Drosha and DGCR8 expression can indirectly modify gene
profile. In fact, it was observed that Drosha deregulation
can contribute to malignant progression. Muralidhar and
colleagues showed that Drosha transcript increases during
the progression of cervical squamous cells carcinoma (SCC)
and such rise is accompanied by miRNA profile changes
[30]. Drosha augment was also observed in oesophageal SCC
and it was correlated with poor prognosis [31]. Although
modifications in Drosha and DGCR8 expression have been
reported in some tumors, there is no information about
the expression of these enzymes in melanoma. Therefore,
understanding the first steps of miRNA processing path-
way along melanoma progression may provide important
insights about this cancer.

Drosha acts on pri-miRNA resulting in pre-miRNAs
and leading a 5′ phosphate and a 2-nucleotide 3′ overhang
at the hairpin base. Pre-miRNAs have 60–70 nucleotides
(nt) and are exported from nucleus to cytoplasm through
RAN GTPase Expotin-5 (XPO5) [32]. Pre-miRNA nuclear
translocation is tightly regulated in normal cells. Melo
and colleagues [27] demonstrated that XPO5 mutations
lead to nuclear pre-miRNA accumulation. Such alteration
was responsible for cell homeostasis deregulation and con-
tributed to tumor progression [27]. In fact, XPO5 deletion
was observed in different malignances [33].

On cytoplasm, pre-miRNAs are further processed by
Dicer into miRNAs duplexes of approximately 22 nt long.
Dicer probably recognizes 2-nucleotide 3′ overhang at the
base of stem loop [34]. As signature of RNAse III protein
family, Dicer also leads 5′ phosphates and 2-nucleotide
3′ overhangs in the mature miRNA [35]. Dicer enzyme
seems to be indispensable for miRNA biogenesis. While a
group of miRNAs is processed independently of Drosha
(i.e., mirtrons), there is no evidence for Dicer-independent
miRNA processing [36]. Although Dicer is an ubiquitous
protein, its expression regulation may control miRNA syn-
thesis in specific contexts. Actually, it was verified that
Dicer participates on melanocyte differentiation but such
involvement was not noted in other cell types [37]. Dur-
ing melanocyte differentiation, miRNA expression increases
while pre-miRNA expression is maintained constant. Dicer
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expression rises simultaneously, showing that miRNA pat-
tern is also a consequence of posttranscriptional alterations
and not only a result of the transcription itself. Analyses
of specific miRNAs showed that miRNA-17 expression is
directly controlled by Dicer and this miRNA has great
influence in apoptosis pathway. In this way, Dicer disruption
can contribute with tumor progression since it also alters
expression of specific miRNA, related to tumorigenesis [37].
In a pilot study, it was verified that Dicer expression is higher
in cutaneous malignant melanomas (CMM) compared to
benign melanocytic nevi (BMN). Besides, Dicer expression
in CMM is significantly correlated with Breslow tumor
thickness [38].

Dicer activity can be regulated by some proteins, such
as TRBP (Tar RNA binding protein) [39], PACT (PKR
activator) [40], and KSRP (KH-type splicing regulatory
protein) [41]. For example, TRBP and Dicer association is
required for efficient RNA silencing mediated by siRNAs
and miRNAs [39]. Some colorectal and endometrial cancer
cells with microsatellite instability presented inactivating
mutations of TRBP2 gene [42]. As consequence of such inac-
tivation, TRBP2 protein expression was reduced and miRNA
processing was disturbed. miRNA biogenesis disorder was
promoted by DICER1 destabilization and reintroduction
of wild-type TRBP2 inhibited tumor growth and restored
miRNA normal synthesis. Analysis of TRBP2 gene disruption
in human primary tumors of nonpolyposis colon cancer
and sporadic colon cancer revealed that this alteration is
frequent, showing the importance of that protein to maintain
cell homeostasis [42]. In reality, TRBP is considered a
potential oncogene. Its expression is linked to increased
cell proliferation rates, and its overexpression is associated
with malignant phenotype [43]. Therefore, TRPB has an
important role in tumorigenesis processes once its alteration
can disrupt miRNA synthesis or lead to cell growth.

Some pathways frequently disrupted in different tumor
types also participate in the complex regulation of miRNA
synthesis. Boominathan showed that members of p53 family,
including p53, p63, and p73 may participate on miRNA
biogenesis [44]. Therefore, miRNA deregulation in cancer
can also be a consequence of p53 family components injury.

After Dicer cleavage, 22 nt RNA duplex is loaded onto
Argonaute (Ago) protein to generate the effector complex
RISC. One strand of this duplex, known as miRNA guide
strand, remains linked with Ago while the other, named
∗miRNA, is degraded [1]. miRNA associates with mRNA
by base complementarity [11], and such association can
be total or partial, resulting in mRNA destabilization or
degradation [3]. Normally, miRNAs bind in mRNAs by its
3′-untranslated region (UTR), but the binding through 5′-
nontranslated or coding sequence of mRNAs also occurs
[45]. Ago proteins are the principal components of RISC
and they mediate repression of mRNA induced by miRNA
targeting. Eight Ago proteins are encoded by human genome:
Ago 1–4 and Piwi 1–4. Nevertheless, Ago2 is the only
with cleavage activity [46]. Ago2 was also correlated with
tumor development. Its expression is associated with the
transformed phenotype in breast cancer cells [47]. The data
discussed above were summarized in Table 1.

3. miRNAs Associated with Pathways Involved
with Melanoma Development

As discussed above, miRNA profile is different in cancer
compared to normal cells. Therefore, many authors have
focused their studies on the mechanism in which such
variation may contribute to tumor progression. In this way,
melanoma research involving miRNAs have been developed.
New findings on mRNA targets and pathways specifically
controlled by miRNAs will improve the comprehension of
this malignancy, the identification of new biomarkers, and
the development of novel therapies. Some well-characterized
disrupted cellular processes have been associated with
melanocyte malignant transformation. BRAF and p16INK4

mutations, E-cadherin loss, and increased telomerase activity
are frequently observed in melanoma cells [48]. Moreover,
several molecular alterations are connected with particular
stages of this cancer progression [49].

In human skin microenvironment, melanocytes and
keratinocytes express E-cadherin while fibroblasts and
endothelial cells express N-cadherin. E-cadherin is the
major adhesion molecule that mediates association between
melanocytes and keratinocytes [50]. This connection permits
keratinocytes to control important paths of melanocytes, like
differentiation, proliferation, and expression of cell surface
receptors. During initial phases of melanoma progression,
changes on cadherin expression pattern are frequently
observed. Firstly, E-cadherin expression becomes hetero-
geneous, then gets diffused distributed on cytoplasm of
dysplastic nevus and finally are lost in melanoma [51].
Through this process, melanoma cells also express N-
cadherin and acquire the ability to associate with fibroblasts
and endothelial cells [52]. The loss of E-cadherin is a
critical event once melanocytes that do not express this
molecule are not regulated by keratinocytes [50]. Cadherin
switch probably leads to subsequent gene expression changes
and foments tumor cell invasion and migration. Therefore,
melanocytes that do not survive on dermis, after this switch
would be able to live in that new ambient [51].

Despite the switch of E-cadherin to N-cadherin being
a critical event on melanoma development, it was demon-
strated that other adhesion molecules participate in this
tumor progression. Mueller and Bosserhoff [53] showed
that cadherin-11 expression is also lost in melanoma cells.
HOX-C8 promotes reduction of cadherin-11 expression
contributing to its regulation [53]. HOX family proteins are
important during embryogenesis, but also play a role in adult
eukaryotic organisms. In adults, these proteins participate in
the control of cell growth and differentiation and cell-cell and
cell-matrix interactions [54]. Deregulation of cadherin-11
observed in melanoma is an indirect consequence of decrease
in miR-196a expression [53]. miR-196a directly regulates
the expression of transcript factor HOX-C8 through linking
on its 3′UTR mRNA region [55]. Disrupted HOX gene
expression correlates with transition from differentiated to
an undifferentiated cell type state [53]. This phenotype mod-
ification is tightly related with malignant transformation
and metastatic potential [26, 53]. Mueller and Bosserhoff
[53] also showed that other adhesion proteins controlled
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Table 1: Alterations of miRNAs machinery biogenesis components and their role on tumorigenesis.

Altered components Cell type Consequence Reference

Dgcr8 knockout mouse stem cells
miRNA synthesis disruption, cell prolifera-
tion and differentiation changes

[29]

Drosha increase squamous cells carcinoma miRNA profile modification [30]

XPO5 mutation in a subset of human tumors pre-miRNA accumulation [27]

Dicer increase cutaneous malignant melanomas — [38]

TRBP2 mutation
colorectal and endometrial
cancer cells

DICER1 destabilization and miRNA pro-
cessing disturbed

[42]

Ago2 increase breast cancer cells
more aggressive phenotype of breast cancer
lineage negative for ER expression

[47]

by HOX-C8 such as osteopontin and calponin-1 were also
deregulated in melanoma. In vitro investigation of HOX-
C8 alteration mediated by miR-196a showed that miR-196a
reexpression in melanoma cells reduced their invasive capac-
ity and in vivo examination demonstrated that injecting these
cells over-expressing miR-196a prevented tumor growth
in 50% of mice analyzed [53]. This work reinforces the
importance of regulating components as miRNAs to avoid
cell homeostasis disruption and malignant transformation.
Moreover, this work suggests miR-196a as a target for new
therapies against metastatic melanoma.

Changes in cadherin profile are also associated with
epithelial to mesenchymal transition (EMT). EMT is a
physiologic process related to cell migration and invasion
during embryonic development. Nevertheless, it is also
linked with tumor progression and metastases [56]. In
melanoma, the transcript factor SNAIL1 induces EMT
by repressing E-cadherin transcription and inducing N-
cadherin [48]. miR-200 family is also associated with EMT
control, through Zeb transcriptional factors suppression,
which are in turn other repressors of E-cadherin [57].
miR-200 components also promote E-cadherin-dependent
junction formation and inhibit cell migration [58]. In some
cancers, miR-200 family expression is downregulated and
contributes to EMT and cell invasion [59]. However, it was
verified that the expression of some members of miR-200
family is increased in melanoma cells [60–62]. Elson-Schwab
and colleagues [63] demonstrated that increased expression
of miR-200 in melanoma does not abrogate invasion of
these cells, instead it promotes a switch between invasive
pathways. Indeed, superexpression of miR-200a or miR-200c
can increase the invasive capacity in some melanoma cell
lines. In vivo, melanoma cell invasion is influenced by cell
morphology and by changes on modes of invasion. In vitro,
experiments showed that miR-200a is related preferentially
with elongated manner (mesenchymal-type) while miR-200c
conducts to rounded mode of invasion (amoeboyd-like)
[63]. These findings corroborate the specific role of miRNAs
in a determined context. They suggest miR-200 regulation
and activity are circumstance dependent and may favor
cancer progression in some tumor types.

MITF (microphthalmia-associated transcription factor)
protein is an important component of melanocyte devel-
opment. This molecule induces the expression of tran-
scription factors related with melanocyte differentiation,

such as the Myc family member bHLH-Zip (Basic helix-
loop-helix leucine zipper) [64]. bHLH-Zip is responsible
for encoding other melanocyte determinants as tyrosinase
(Tyr), tyrosinase-related protein-1 (Tyrp-1), and DCT/Tyrp-
2 [65]. Besides its role in melanocyte differentiation, MITF
expression is also related to melanocyte survival, prolif-
eration, and cell cycle progression [66]. Moreover, MITF
continued expression seems to be essential to melanoma
proliferation and survival. Actually, it was proposed that
MITF acts as lineage survival oncogene in melanoma [67].
Generally, melanoma cells express high levels of MITF, but
this condition differs greatly among melanoma cell lines
and cells in tumor tissue [66]. In fact, since MITF reduces
melanoma cell proliferation and tumorigenicity, there is
less MITF expressed in melanoma cells than in normal
melanocytes [68]. These data suggest a tight control of
this protein. Mitf 3′UTR mRNA sequence probably has a
special role on its own regulation. Human and mouse Mitf
mRNA have a relatively large 3′UTR sequence compared
to 3′UTR of other mRNAs and its 3′UTR region shows
high indices of conservation among different vertebrates, a
special characteristic since UTR sequence are not translated
[69]. As MITF is determinant in cancer progression, its
regulation by miRNA seems to be especially important.
Haflidadóttir and coworkers [69] investigated predicted
miRNAs responsible to target Mitf mRNA 3′UTR sequence
and the functionality of these miRNAs in Mitf expression
in melanoma cells [69]. These authors demonstrated that
miR-148 binds in Mitf 3′UTR mRNA and downregulates
its expression. miR-137 is another miRNA that directly
links in MITF 3′UTR mRNA and controls its expression,
and it was previously reported by Bemis and coworkers
[70]. Hence, mutation or loss of Mitf 3′UTR sequence is
likely to occur during melanoma progression. In addition,
miR-148 and miR-137 expression changes are critical to
melanoma. Indeed, miR-148 expression is diminished in
melanoma lineages [60]. Moreover, in some melanoma
cells it was noted a variable nucleotide tandem repeat
(VNTR) in the pri-miRNA-137 that alters the function of
mature miR-137 and hinders this miRNA to promote MITF
repression [70]. miR-182 also directly regulates MITF and
FOXO3 expression [68]. This miRNA is located in a DNA
region frequently amplified in melanoma cells, flanked by
c-Met and BRAF oncogenes and was found upregulated in
melanoma cell lines. Downregulation of miR-182 represses
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melanoma cell invasiveness and promotes cell death while its
ectopic expression enhances metastatic potential in vivo [68].
Therefore, it has been demonstrated that some miRNAs are
involved with MITF expression in melanoma. Furthermore,
MITF probably has an important role in miRNA expression
control. Mazar and collaborators [73] showed that miR-
211 expression is reduced in melanoma cells related to
melanocytes from human tissues and from cell lines, and
that this alteration contributes with the malignant metastatic
phenotype [71]. They also verified that miR-211 directly
regulates the expression of KCNMA1 protein, which in
turn is upregulated in melanoma cells. KCNMA1, that was
already linked with other tumor types [71], is associated with
high proliferation rates and invasion capacity. Moreover, it
was suggested that miR-211 perhaps is under control of
MITF. The transcript sequence for this miRNA is located in
the sixth intron of TRPM1 gene, locus that encodes genes
that was previously suggested as melanoma aggressiveness
suppressors. TRPM1 gene expression is controlled by MITF
through its association with TRPM1 promoter [72]. Mazar
and collaborators [73] obtained evidences that miR-211
expression is regulated by MITF via TRPM1 promoter.
These events generated one hypothesis for the mechanism
in which MITF can suppress melanoma metastasis [73].
In conclusion with this findings, if MITF is reduced in
melanoma cells, it will have less expression of TRPM1
and consequently of miR-211. Downregulation of miR-
211 leads to increased KCNMA1 protein level, favoring the
maintenance of malignant phenotype.

Other miRNAs were described as critical molecules
in melanoma development due to their participation in
the control of cell cycle components. Downexpression of
miRNA-193b was verified in metastatic melanoma cell lines
compared to benign nevi and this reduction was corre-
lated with increased cell proliferation. Further investigations
demonstrated that this unbalance was a consequence of
enhanced CYCLIN D1 expression [74]. Moreover, functional
experiments showed that this regulation is a consequence of
direct binding of miR-193b to 3′UTR mRNA of CYCLIN D1.

Like Mitf, CYCLIN D1 has more than one miRNA
validated as promoting its repression in melanoma cells.
The validation refers to the physical interaction of miRNA
and mRNA target, and its cellular outcomes. It is already
known that single miRNA has diverse mRNAs targets and
that specific mRNAs can be targeted by several miRNAs.
Nevertheless in melanoma area, only few miRNAs were con-
firmed as establishing such interaction. In fact, some works
showed a global pattern of miRNA expression in melanocytes
versus primary melanoma or versus metastatic melanoma
in order to determine a specific miRNA signature for this
cancer [60, 70, 75]. However, these works represent only the
first step in melanoma miRNA profile characterization, once
much more still need to be done. Only small number of
miRNAs and their respective mRNA target were validated
in melanocytes/melanoma. In this way, besides miR-193b,
miR-let7b was also prompted as targeting CYCLIN D1 [61].
miR-let-7b has a particular importance in cancer progression
because it regulates RAS oncogenes [76] and is also involved
in stem cell maintenance [77]. Global analyses of some

miRNAs in melanocytes compared to primary melanoma
human tissue showed that all members of miR-let7 family
were downregulated. Luciferase assays demonstrated that
miR-let7b binds to 3′UTR CYCLIN D1 mRNA and its
superexpression is coupled with small proliferation rates of
melanoma tumor cells and with reduction of anchorage-
independent tumor growth [61].

Genetic alterations of pathways that involve this cell cycle
component and in this gene itself are frequently observed
in melanoma. CDNK2A locus is commonly altered, both in
sporadic and familial melanomas. From that sequence, it is
transcribed two important proteins: p16INK4a and p14ARF.
In a simplified way, p16INK4a is responsible for CYCLIN
D1/CDK4 complex destabilization. CDK4 activation medi-
ated by CYCLIN D1 is one of the main signals promoting
cell cycle progression through G1 to S phase, because it
prompts Rb to liberate E2F transcription factor. E2F without
Rb stimulates transcription of many genes related with
proliferation. Therefore, mutation in p16INK4a can con-
tribute to cell uncontrolled proliferation. In the order hand,
p14ARF interacts with MDM2 and blocks MDM2 to target
p53 to degradation, contributing with p53 stabilization. So,
p14ARF mutations can support deregulation in cell apoptosis
mediated by p53, favoring cell survival.

Unlike many cancers, p53 is rarely mutated in melanoma.
However, the equilibrium of its function can be changed by
other factors, as exemplified by p14ARF alterations. Increase
of CYCLIN D1 and CDK4 proteins in melanoma cells can
also be a consequence of gene amplification. Nevertheless,
it is estimated that this only happens in 4% of melanomas.
In a study of Cyclin D1 role in melanoma progression
it was showed that a considerable number of tumors
had its expression raised independently of copy number
amplification [78]. Thus, what more could be responsible
for CYCLIN D1/CDK4 increase in melanoma cells? miRNAs
could be a reasonable answer, as showed the new discovers
underlying miR193b and miR-let7b.

Moreover, it was demonstrated that miR-205 is also
involved in the regulation of cell cycle components. E2F1
is a member of E2F family responsible for transactivation
of genes involved with chromosomal DNA replication and
cell cycle progression. It was showed that miR-205 binds at
3′UTR E2F1 mRNA, promoting its repression. Indeed, E2F1
is over-expressed while miR-205 is significantly suppressed
in melanoma cells related to normal human melanocytes.
The result of that is the high proliferation rate of melanoma
cells. Indeed, proliferative capacity of melanoma cells is
suppressed when miR-205 was super-expressed [79].

Despite its possible role in cell cycle regulation, miR-
let7b also participates in tumor invasion mechanisms in
melanoma. Metalloproteinases (MMPs) are proteins that
promote extracellular matrix (ECM) components degra-
dation. Such phenomenon is strictly correlated with cell
invasive capacity and high expression of these enzymes is
frequently observed in tumors. Basing (Bsg) is other protein
involved with ECM degradation, because it stimulates MMP-
1, -2, -3, and -9 syntheses. Bsg level is also increased in
tumor cell and, in this case, it provokes adjacent fibroblasts
and tumor cells to produce MMPs [80]. miR-le7b indirectly
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downregulates MMP9 through its association with Bsg in
mouse melanoma cell line [81]. The consequence of the
miR-let7b repression in melanoma cell line was the same
as showen in the studies already reported about CYCLIN
D1 and the same miRNA, that is, proliferation and colony
formation reduction. Yet, it was showen decreased invasion
and migration in vivo and inhibition of metastases in a
mouse model [81].

These are some studies that indicate the importance of
miRNAs role, regulating key components of the tumorigenic
process in melanoma (recapitulated on Table 2). Besides
these miRNAs, there are others already described. However,
much about them still have to be clarified.

4. Epigenetic Mechanism,
miRNAs, and Melanoma

Although whole human genome has already been sequenced,
our comprehension about the intricate network of gene
expression is far from being deciphered. One reason for this
is that the information necessary for gene transcription is
not restricted at the linear sequence of DNA nucleotides. The
mechanisms underlying gene expression control are complex
and involve methyl radical associated with DNA bases and
histones tail marks. Interchange between heterochromatin
and euchromatin states promotes alteration in DNA struc-
ture and modify chromatin accessibility to transcription fac-
tors. Epigenetic field encompasses these findings about gene
expression control. DNA methylation and posttranslation
modifications in histones are the principal mechanisms in
which genes expressions are altered without any changes in
nucleotides sequence.

DNA methylation promotes protection for organism,
limiting the expression of foreign DNA elements and
endogenous transposons [82] and also regulates expression
of genes involved with differentiation [83]. DNA methylation
process corresponds to the addiction of methyl group in
DNA bases. In mammalian, such processes occur prefer-
entially on cytosine residues in the context of CpG dinu-
cleotides [84]. These dinucleotides are normally distributed
in tandem, forming CpG islands that preferentially takes
place in repetitive sequences and gene promoters [85].
DNA methyltransferase (DNMTs) enzymes are responsible
for catalyzing the addiction of methyl group on CpG
dinucleotides and for that reason they are in charge of DNA
methylation pattern [86]. Among DNMTs already described,
DNMT1, DNMT3a, and DNMT3b are the only that have
catalytic activity, being determinant in DNA methylation
process [87]. Despite their cooperative role; it is showed that
DNMT3a and DNMT3b are involved in the establishment
of new DNA methylation profile (de novo methylases)
while DNMT1 maintains that profile during cell division.
Though, DNMT3a and DNMT3b have special function dur-
ing early development and gametogenesis whereas DNMT1
has important meaning in homeostasis of somatic cells. In
fact, inactivation of Dnmt3b results in embryonic lethality,
Dnmt3a knockout mice die shortly after birth [88] and more,
mutations in the human DNMT3b gene are connected with

ICF (Immunodeficiency, Centromere instability and Facial
anomalies) syndrome [89].

Tumor cells have different DNA methylation pattern
compared to nontransformed cells. In cancer is observed a
global DNA hypomethylation and specific hypermethylation
linked with tumor suppressor gene promoters. Deregulation
of DNMTs is probably involved with this unbalance. In
lung squamous cells carcinoma, DNMT1 super-expression
is involved with poor prognosis and over-expression of
DNMT1 and DNMT3b is correlated with hypermethy-
lation of tumor suppressor genes [90]. Some miRNAs
were described targeting DNMTs mRNA. These miRNAs
were also associated with DNA methylation changes and
tumorigenesis development. Braconi and colleagues verified
that DNMT1 expression was elevated in some cholangio-
carcinoma cell lines compared to nonmalignant human
cholangiocyte lineage, and that increased was an indirect
consequence of interleukin-6 (IL-6) over-expression [91].
Inflammation associated with IL-6 was correlated with this
tumor type through autocrine and paracrine mechanisms,
promoting increase of proliferation rates and cell survival
[92]. In an attempt to determine molecular pathways in
which IL-6 regulates DNMT1, the authors searched for
miRNAs that concomitantly were reduced in cholangio-
carcinoma cell lines and that had nucleotide sequence
complementary to 3′UTR mRNA region of DNMT1. Indeed,
they showed that some miRNAs fulfilled these conditions
but only miR-148a and miR-152 were capable to bind on
mRNA 3′UTR region of DNMT1 and reduced luciferase
activity. For determining the implication of these findings,
they also analyzed the effect of enforced expression of miR-
148a and miR-152 in cholangiocarcinoma cell lines over
p16INK4a and Rassf1 proteins. These tumor suppressors, that
do not have complementary sequence to these miRNAs and
that were hypermethylated and underexpressed in these cell
lines, have their expression increased in the presence of
miR-148a or miR-152 [91]. Therefore, from these works
it can be emphasized that alterations of few miRNAs are
able to promote deregulation of a huge group of genes,
at least for genes that have CpG island in their promoter
and are under DNMT1 regulation. These findings also
show that environment perturbation, such enhance of IL-
6 production, can modify miRNA expression. Furthermore,
these studies suggest miRNAs as modulators of DNA methy-
lation, through DNMT1 control. Despite these observations
have been made in cholangiocarcinomas, they also may
have some implication in melanoma development. In a
murine model of melanocyte malignant transformation,
Molognoni and coworkers showed that Dnmt1 expression
increased through different stages of melanoma progression,
getting it maximum expression in malignant metastatic cells
[26]. Moreover, other authors have already described that
miR148a are diminished in human metastatic melanoma
lineages [60]. Taking these data together, there is evi-
dences that similar regulation may occur in melanoma
tumors. However, this hypothesis must be tested before
being generalized because like it was also discussed, equal
miRNAs can have different implications depending on tumor
type.
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Table 2: miRNAs expression changes related with melanoma progression and their targets.

miRNAs mRNA target Consequence Reference

miR-196a decrease HOX-C8 cadherin-11 expression modification [55]

miR-200a or miR-200c
super-expression

— increase the invasive capacity [63]

miR-148 diminished MITF contributes to malignant transformation [69]

VNTR pri-miRNA-137
(miR-137)

MITF contributes to malignant transformation [70]

miR-182 gene locus
amplification

MITF and FOXO3
Increased of invasive and survival capacity and
enhances metastatic potential

[68]

miR-211 decrease KCNMA1 contribute with malignant metastatic phenotype [71]

miRNA-193b decrease CYCLIN D1 increased cell proliferation [74]

miR-let7b decrease CYCLIN D1 and Bsg high proliferation rate [61, 81]

miR-205 decrease E2F1 high proliferation rate [79]

Duursma and coworkers verified that miR-148 can also
regulate the expression of some DNMT3b variants [93].
Unlike what is often observed, miR-148 is not linked to
3′UTR mRNA DNMT3b region, but instead is associated to
protein coding sequence (CDS). This site corresponds to a
conserved evolutionary sequence present in the DNMT3b
splice variants DNMT3b1, DNMT3b2, and DNMT3b4, but
not in DNMT3b3. Other miRNAs were also described
participating in DNMTs regulation. miR-29 family members
(miR-29a, -29b, and -29c), which are inversely expressed
related to DNM3a and DNMT3b, in lung cancer tissue are
directly associated with 3′UTR mRNA region of DNMT3a
and DNMT3b [94]. miR-29s alteration in lung tumor
also contributed to changes in DNA methylation profile.
Enforced expression of miR-29s in these tumor cell lines
restored normal DNA methylation pattern. In other words,
suppressor genes that were silenced in lung cancer by
methylation process were reexpressed in the presence of miR-
29s.

As showed, miRNAs can regulate DNMT expression and
indirectly modify DNA methylation patterns. Nevertheless,
it seems that miRNA expression can also be controlled by
DNA methylation. To further address this question, Han and
colleagues compared miRNA expression profile in colorectal
carcinoma, cell line HCT116 double knockout for DNMT1
and DNMT3b with its parental control [95]. Double knock-
out cells had 95% of genomic DNA methylation reduction
related to parental HCT116 cells and miRNAs presenting
significant increase in their expression. Therefore, its result
supports the proposition that miRNAs can be controlled by
methylation process, even in an indirect way. In fact, other
works elucidated the importance of DNA methylation in
the regulation of miRNA expression and its relation with
tumor development, including in melanoma. In one, the
authors showed that miR-34a expression can be epigeneti-
cally repressed [96]. Firstly, it was demonstrated that tumor
suppressor p53 modulates miR-34a expression by binding in
its consensus region presented at miR-34a locus [97]. mir-
34a expression displays reduced in many tumor cell lines,
including prostate, pancreas and breast carcinoma and also
in melanoma cell lines [96]. Ectopic expression of miR-34a
in primary and cancer cells promotes apoptosis or cell cycle

arrest, coping the phenotype mediated by p53 expression
[97]. These results highlighted the importance of miR-34a in
cancer development and also emphasize the role of p53 in the
regulation of that miRNA expression. Nevertheless, Lodygin
and colleagues, analysing the genomic region upstream of the
p53 binding site in the miR-34a gene, found a prominent
CpG island in that locus [96]. Furthermore, studying the
effect of miR-34a island, they demonstrated that miR-34a
expression is regulated by DNA methylation. Importantly,
the silencing of miR-34a mediated by DNA methylation
was dominant over its transactivation by p53 after DNA
damage. In that work, analyses of miR-34a CpG methylation
revealed that 43.2% and 62.5% of melanoma cell lines and
primary melanoma samples, respectively, were methylated.
Repression of miR-34a by methylation can provide a selective
advantage for cancer cells that have lost p53 function [96].
So, those findings show how critical is the role of epigenetics
under miRNAs control in melanoma, and other cancers,
development.

Methylation of the human miR-let-7a-3 gene also seems
to be involved with tumorigenesis. Brueckner and coworkers
demonstrated that miR-let-7a-3 gene is associated with well-
defined CpG island [98]. Moreover, these authors verified
that miR-let-7a-3 methylation is prevalent in lung human
normal tissues and is reduced in lung adenocarcinoma. In
that work, it was also established that DNMT1 and DNMt3b
cooperatively methylate miR-let-7a-3 CpG island. As miR-
let-7a-3 is part of the archetypal miR-let-7 gene family, it may
have similar targets. In fact, the authors showed that miR-let-
7a-3 probably regulates mRNAs that also are controlled by
miR-let 7 family members. As already discussed here, miR-
let-7 family has a special role in melanoma, suggesting miR-
let-7a-3 can also be a candidate in melanoma tumorigenesis
process [98]. The information about miRNAs and epigenetic
machinery discussed in this section were compiled in
Table 3.

5. Therapy: General Panorama X Perspective

Through this paper, the importance of miRNAs in tumor
development, especially in melanoma, was highlighted.
Disruption of key components of miRNA biogenesis and
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Table 3: miRNAs involved with epigenetic machinery control and
miRNAs controlled by components of epigenetic machinery.

miRNAs mRNA target Epigenetic mark Reference

miR-148 DNMT3B — [93]

miR-29 family
members

DNMT3a and
DNMT3b

— [94]

miR-34a gene — DNA methylation [96]

miR-let-7a-3 gene — DNA methylation [98]

their involvement with tumorigenesis was further explored.
However one significant question surrounding miRNAs and
melanoma still needs to be clarified: how these findings about
miRNAs can help diagnoses and treatment of melanomas?
Recently, Vidwans and colleagues proposed a molecular
model for progression of melanoma disease and more,
suggested different types of treatments for distinct molecular
lesions [99]. In that work, miRNAs were not included as
molecular lesion and were not used to classify melanoma
tumors probably, not because they are not critical in the
process of melanocyte malignant transformation, but for
the reason that the knowledge concerning miRNAs still
needs to be further accessed. Many discoveries made about
miRNAs and their role in melanoma are only in the
beginning. Vidwans and collaborators [99] that suggested an
alternative classification to melanoma against the standard
approach based mainly in tumor morphology (Clark) or
thickness (Breslow), supported their proposition in well-
characterized molecular alterations underlying this tumor
type, and in that case miRNAs could not be included.
Therefore miRNAs are strong candidates to be shared in
melanoma classification by Vidwans and coworkers; however
they require to be more investigated. Therefore studying
miRNAs will improve new proposes of melanoma therapy.
Despite that, some initial works have already been made,
targeting miRNAs, melanoma, and therapies and searching
for miRNA biomarkers.

Biomarkers are molecules that permit the detection
of cancer in early stages of development, providing the
following of tumor progression or regression and supplying
the supervision of treatment efficacy [100]. Many evidences
made miRNAs as powerful biomarker candidates: miRNA
pattern expression seems to be singular for different types of
cancer, their expression in body fluids, including blood, can
be easily detected by PCR-related assays, and, compared to
other biomarkers, miRNAs are remarkably stable molecules
[101], being capable to be identified even in formalin-fixed
paraffin-embedded tissue. Moreover, circulating miRNAs
can represent a non-invasive diagnostic biomarkers for
distinct types of cancer [102]. In this way, some researchers
focus their work in the potential of miRNAs as biomarkers.
Holst and colleagues [103] looked for miRNAs that would
improve the classification among a typical nevi (AN) from
common acquired nevi (CN). AN is defined as elevated
melanocyte lesion, with more than 5 mm in diameter and
its presence is considered an independent predictor of
malignant melanoma. These lesions can be characterized
by their morphological appearance: irregular or asymmetric

outline, variable pigmentation, and indistinct boarders.
However AN is not histologically well defined, making
differentiation between AN and CN diffcult [103]. Therefore,
from a study with 41 patients, 19 with CN, and 22 with
AN, Holst and collaborators [103] indentified 36 potential
miRNAs that could be used to discriminate CN from AN.
Moreover, in hierarchical cluster analysis of these miRNAs,
AN was clusterized into two groups, reinforcing the fact that
these kind of lesions are molecularly heterogeneous [104].
Quantification by real-time RT-PCR of picked miRNAs
showed that miR-125 was downregulated and miR-let-7c was
upregulated in AN compared to CN [103]. So these miRNAs
can be used to distingue CN from AN. miR-125b has already
been proposed for that same group as prognostic marker of
metastatic melanoma [105]. They demonstrated that miR-
125 was under-expression in malignant melanoma capable to
generate lymph node micrometastases related to melanoma
unable to metastasize. In addition, it was proposed that miR-
125b alteration in early cutaneous malignant melanoma may
indicate augmented probability of this tumor to become
metastatic.

Other miRNA proposed as useful for melanoma diagnos-
tic was miR-221. It was reported that miR-221 expression
increases during different steps of melanocyte malignant
transformation and also that its expression is almost
unnoted in normal human melanocytes [106]. Kanemaru
and coworkers investigated miR-221 levels in serum from
different melanoma patients [107]. They found that miR-
221 expression from malignant melanoma patients was
significantly higher compared to the normal individuals,
and also that, patients with melanoma in stage I–IV have
miR-221 expression more elevated related to patients with
in situ melanoma. Therefore, the quantification of miR-221
in serum could be used as non-invasive examination to
differentiate in situ melanoma from the others. Moreover,
these authors also observed that miR-221 expression was
correlated with tumor thickness, suggesting that there is a
direct association among miR-221 and prognostic. miR-221
levels as well decreased after tumor surgical removal and
increased in patients with melanoma recurrence. Although
miR-221 expression increases are also noted in other tumors
[102, 108, 109], serum expression of that miRNA linked
with clinical findings can be promising in melanoma detec-
tion.

Beside the fact that miRNAs can be utilized as biomark-
ers, these molecules can also influence melanoma therapy.
One appropriate strategy to explore the potential of miRNAs
in this field is developing drugs targeting oncogenic miRNAs.
As already related in this paper, miR-182 is frequently over-
expressed in melanoma. Huynh and colleagues showed that
targeting miR-182 with anit-miR-182 promotes melanoma
liver metastases reduction compared to control, in mouse
model of melanoma liver metastasis [110]. Moreover, analy-
ses of mRNA transcripts from tumors treated with anti-miR-
182 showed that the expression of genes involving controlling
survival, adhesion and migration augmented related to non-
treated tumors. These authors suggest that administration
of anti-miR-182 could be interesting therapeutic strategy for
metastatic melanoma.



Dermatology Research and Practice 9

Relative to other molecules, such as cell cycle com-
ponents or members of Ras/Raf/ERK pathway, few about
miRNAs and melanoma was already described. Nevertheless,
these small noncoding RNAs represent a great hope for
understanding such aggressive disease. Therefore miRNAs
might be faced as a new strategy for melanoma therapies
development.
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