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PRESENTATION

The nanotechnology has been widely applied in the diagnosis and treatment of
several diseases. Nanotechnology applications in cancer based on drug delivery sys-
tems have been extensively evaluated over last decade and demonstrated to be a pro-
mising approach to improve the efficacy of anti-cancer therapy. However, the cellular
heterogeneity and plasticity presented in tumors sites represent one of the main causes
of metastasis and can be considered as one of the most challenge subjects for the im-
provement of cancer therapeutics. In this context, one of the cancer types with greatest
metastatic potential and chemotherapeutic resistance is the melanoma. Precisely, two
types of cancer cells are directly involved in tumor heterogeneity and melanoma me-
tastasis: the cancer stem cells (CSCs) and circulating tumor cells (CTCs). High levels
of CSCs and CTCs has been associated with tumor progression, chemoresistence and

metastatic spread.

Owing to the clinical relevance of this skin cancer, the melanoma treatment has
been widely explored for nanotechnology applications, including the use of polymeric
nanoparticles. This book was dedicated to present and discuss the status of melanoma
biomarkers and to evaluate the advances in polymeric nanoparticles strategies in order

to develop effective drug delivery systems for the treatment of metastatic melanoma.
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elanoma is a skin cancer characterized by the malignant transformations

Mof melanocytes of neural crest origin, different from non-melanoma skin
cancers, which are originating from the basal and squamous cell layers in the epider-
mis. Melanoma is the most aggressive skin cancer and exhibits resistance to current
treatments (Cichorek et al., 2013; Slominski & Carlson, 2015). Although melanoma ac-
counts for only 1% of all skin cancers, it is the major cause of poor prognostics and
deaths due to its markedly metastatic potential. Extensive research efforts have been
made over the past years to better understand the melanoma metastasis mechanisms/
pathogenesis and which factors, environmental and genetics, are involved in disease

progression (Landow et al., 2016; Pietila et al., 2016).

In general, different types of cancer cells are found within the same tumor site
and these phenotypic and functional heterogeneity can be a result of an extensive ge-
netic and epigenetic instability, cell plasticity and tumor microenvironmental charac-
teristics (Meacham & Morrison, 2013; Sun & Yu, 2015). These intratumor heterogeneity
are closely related to metastatic disease and represents the main cause of anti-cancer
therapy resistance, therefore it is a challenging subject for the improvement of cancer
patient’s survival (Brooks et al., 2015; Gay et al., 2016). Two main concepts have been
proposed to explain the intratumor heterogeneity and cancer progression: stochastic
model and cancer stem cells (CSCs) model. The stochastic or clonal evolution preco-
nizes that differences between tumorigenic cancer cells are generated through genetic
and epigenetic mechanisms and lack hierarchical organization. On the other hand, the
CSC model hypothesizes that cancer is hierarchically organized into nontumorigenic
and tumorigenic fractions. These mesenchymal cancer cells with tumorigenic poten-
tial represents the minority population in tumor environment and has capacity of self-
-renewing and generate heritable phenotypic variation (Csermely et al., 2014; Brooks et
al., 2015). The pluripotent characteristics of the CSCs have been considered the driving
force of tumor progression and these cells are involved in metastatic dissemination
due to their ability to initiate and sustain the cancer disease (La Porta & Zapperi, 2013).
Studies suggested the existence of these tumor cells subpopulation in in vivo melano-
ma models (Dou et al., 2007; Sigalotti et al., 2008; Shakhova & Sommer, 2013).

Another type of cancer cells, directly related to tumor heterogeneity and invol-
ved in melanoma metastasis development, are the circulating tumor cells (CTCs). This
cancer cells are shed in peripheral blood from a primary or metastatic tumor (Xu &
Zhong, 2010). Epithelial CTCs were first reported over 100 years ago (Ashworth, 1869)
and since then, the isolation and identification of these cells by specific biomarkers
displayed at their surface or intracellularly are used to evaluate cancer prognostics,
have been correlated with metastatic disease and poor patient outcome (Ashworth,
1869; Lianidou et al., 2015).
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In recent years, the biological understanding of invasive and metastatic capa-
bility of CSCs and CTCs have attracted increasing attention in target these cells for
diagnosis, prognostics and clinical treatment of melanoma cancer. Nowadays, besides
the prognostics properties, the identification of CSCs and CTCs biomarkers have been
described as a potent clinical approach to optimize the chemotherapeutic scheme and
to develop personalized targeted systems for cancer therapy, improving the survival
in patients with a variety of solid tumors, such as melanoma (La Porta & Zapperi, 2013;
Li et al., 2015; Zhang et al., 2016).

The conventional anti-cancer monotherapy based on systemic administration of
cytotoxic agents, such as paclitaxel, cisplatin and doxorubicin, are commonly ineffecti-
ve in metastatic diseases, presenting poor pharmacokinetics properties, dose-limiting
toxicities and induction of drug resistant cancer cells (Grundy et al., 2016). Recent stu-
dies have been suggested that combination therapies of cytotoxic agents, as dacarba-
zine, with newer molecularly targeted inhibitors, as vemurafenib and trametinib, or
immunotherapy agents, as ipilimumab, are the most promising strategy to achieving
long-term sustained response, decrease the relapse rate and increase the overall sur-
vival rate for patients with metastatic melanoma (Davey et al., 2016; Tran et al., 2016).
Despite of the increasing effort in propose new therapeutic schemas for metastatic
melanoma, these treatments have limited effectiveness and serious health-threatening
effects (Eroglu & Ribas, 2016).

In last decade, the nanotechnology approach, based on the versatile and modifia-
ble drug delivery nanocarriers systems, as polymeric nanoparticles, has been an exten-
sively explored strategy to overcome the hazards related to conventional anti-cancer
therapy (Drewes et al., 2016; Silva et al., 2016). Nanotechnology applications based on
passive and active targeted drug delivery systems demonstrated to be a very promi-
sing technology to improve the efficacy of melanoma diagnostic and therapy (Bombel-
li et al., 2014; Silva et al., 2015; Kumari & Kondapi, 2016). The passive targeting is based
on the nonspecific accumulation of nanocarriers on tumor microenvironment by the
enhanced permeability and retention effect (EPR effect), whereas the active targeting
is based on the affinity of target moieties attached at nanocarrier surface to specifically
recognize biomarkers on the tumor cells (Upponi et al., 2014). Researchers are being
carried out using polymeric nanoparticles in order to enhance the transport of active
or/and imaging agents across biological barriers and also to recognize specific tumor
markers at the surface of melanoma cells (Drewes et al., 2016). Nevertheless, the use of
nanotechnology to target CSCs and CTCs, in order to impair tumor progression and
prevent metastasis, is still emerging and being purposed in current research (Li et al.,
2015; Garcia-Mazas et al., 2016). The intrinsic physicochemical characteristics of poly-

meric nanoparticles, such as the large surface area, modifiable surface properties and

Chapter 1
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long circulation half-life, represent a promising path to development of drug delivery
systems to reach the heterogeneous cancer cell population, including the CSCs and
CTCs that have a high metastatic potential and are not easily targeted (Li et al., 2015;
Zuo et al., 2016).

In these perspectives, the first part of this book provided an overview of the cur-
rent research regarding biological mechanisms of CSCs and CTCs in metastatic deve-
lopment and their related biomarkers detected in melanoma patients. In the second
part, the recent advances in polymeric nanoparticles for passive and active targeting to
advanced melanoma treatment are presented and discussed. This section focused on
CSCs and CTCs targeting strategies and on the influence of architectural properties of
nanoparticles in their in vivo performance. In summary, this book aims to shed light on
the potential biomarkers for nanotechnology applications, specially in polymeric na-
noparticles, to target CSCs and CTCs and to improve metastatic melanoma treatment.
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CSCS

ince Briggs & King (1952) challenged the unidirectional development model

Sof embryonic stem cells that differentiates into somatic cells, several studies

also demonstrated that normal cells and tumor cells could go back in time through the

dedifferentiation process. This process is defined as the reversion of cells from a diffe-

rentiated state to an embryonic state with less specialized characteristics and functions
(Jopling et al., 2011).

The dedifferentiation process and genetic mutation of normal stem/progenitor
cells, somatic cells and cancer cells, leading by pro-oncogenes, may result in a trans-
formation into a self-renewing and multipotent type of tumorigenic cells called cancer
stem cells (CSCs) (Borovski et al., 2011; Friedmann-Morvinski & Verma, 2014). The
CSCs have been demonstrated to play an important role in tumor progression, inclu-
ding melanoma (Herreros-Villanueva et al., 2013; Shakhova & Sommer, 2013). These
cells are considered to be a rare subpopulation of tumor niche and they have a long-
-term proliferative ability and capacity for asymmetrical division, besides are involved
in angiogenic induction and apoptotic resistance, including resistance to chemo-radia-
tion therapy. Numerous researches appointed that the CSCs characteristics are inti-
mately involved in metastasis development and cancer relapse (Shiozawa et al., 2013;
Allegra et al., 2014). Thanks to these features, the CSCs becomes a new therapeutic
target for cancer treatment, specially for tumor progression impairment, as well as, a
valuable biological marker for cancer prognostics, since they could be detected in ma-
jority of malignant tumors (Vinogradov & Wei, 2012; Bao et al., 2013).

The mechanisms that may originate the CSCs are not fully understood yet.
One of the key mechanism for generation of CSC phenotype cells in tumor site is the
epidermal to mesenchymal transition (EMT) (Figure 1). Briefly, this mechanism con-
sists in an activation of the embryogenic state of cancer cells located at the primary
tumor (Borovski et al., 2011). Studies demonstrated that cell fusion, horizontal gene
transfer and microenvironment conditions such as hypoxia and induction factors as
transforming growth factor-p (TGF-p), could promote CSC formation, proliferation
and clonal selection of CSCs (Lobo et al., 2007; Borovski ef al., 2011).

Sarah Brandao Paldcio, An Young Sarahi Taylor Castillo, Francisco Humberto Xavier Junior, Isabella Macdrio Ferro Cavalcanti
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Figure 1 - Schematic illustration of tumor site derived circulating melanoma cells (CMC) and mela-
noma cancer stem cells (m-CSCs) in blood flow and representatlon of the epidermal to mesenchymal

transition (EMT) processes. The CMC and m-CSCs possess hi
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Owing to the concept that tumors are characterized by their cell heterogeneity,

CSCs can be considered a side cell population of t

umor that have unlimited prolife-

ration capability, potential to differentiate, accumulate genetic mutations and conse-

quently may presented a strong tumorigenicity, gi
tumor cells. Nevertheless, depending on the type

ving rise to various population of

of cancer, CSCs concept was not

completely accepted yet, specially due to the controversial results of current research
that identify these cells in tumor sites (Kelly et al., 2007; Visvader & Lindeman, 2012;

Shiozawa et al., 2013).

The evidences suggest a controversy regarding the existence of CSCs in tumor

microenvironment. Bonnet & Dick (1997) demonstrated one of the first evidence of

CSCs hypothesis thought the acute myeloid leukemia model. In this research was ob-

served that the leukemogenic event was originate by primitive cells that expressed the

specific markers on their surface, as the CD34" and CD38;, and had the capability to

prevent the normal differentiation occurrence. Challenging the CSCs concept, Kelly

and colleges (2007) injected mouse lymphoma cell

s into nonirradiated congenic ani-

mals and demonstrated that all animals developed fatal lymphoma, suggesting that

the CSCs were not the only tumor initiating cells.

In the same way, Quintana and

collegues (2010) investigated the tumorigenic capacity of melanoma cells. This stu-

dy demonstrated that cancer cells with different biomarkers and phenotypes had the
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potential to form tumors and that melanoma exhibited a phenotypic plasticity, which
contrasts with CSCs model that hypothesizes irreversible genetic changes by tumori-

genic cells.

Despite these controversial studies, most of the evidences indicate the existen-
ce of CSCs in melanoma tumor models and indicate that these cells can constitute a
small fraction (0.0001 to 1%) of heterogeneous cells population in tumor microenvi-
ronment (Dou et al., 2007; Schatton et al., 2008). Meanwhile, other researchers suggest
that the frequency of tumorigenic cells in primary tumors could be underestimated by
the xenograft transplantation model, the most applied in vivo model to demonstrate
the CSCs existence (Kelly et al., 2007; Zhong et al., 2010; Jandl et al., 2013). Furthermo-
re, Kelly and collegues (2007) hypothesize that the presence and frequency of CSCs
strongly depend of the tumor type, specially due to the variable degrees of functional
heterogeneity as consequence of the specific oncogenic pathways. Researches have
been proposed new methods to improve the detectable frequency of CSCs applying
more severely immunocompromised mice. Quintana and coworkers (2008) modified
xenotransplantation assay conditions, using non-obese diabetic combined immuno-
deficiency (NOD/SCID) interleukin-2 receptor gamma chain null (I12rg2/2) mice and
observed a dramatically increase, by several orders of magnitude, of detectable mela-
noma tumorigenic cells. Similarly, Zhong and coworkers (2010) also found a substan-
tial population of CSCs (> 10%) in B16-F10 melanoma cells in syngeneic mice.

In view of to shed light on definition, origin, identification and frequency of CSCs
in vivo, it is essential to identify the expression of appropriate surface markers, which
could be able to distinguish tumorigenic melanoma CSCs by their distinct functions

from the normal tumor cells that are non-tumorigenic.

CTCS

The ‘seed and soil theory” proposed by Paget (1889) preconizes that the metasta-
sis’ formation is a nonrandom process where the CTCs (seeds) target specific organs
that presents a desirable microenvironment (soil) for tumor cells growth. It is already
well established that CTCs are cells located in peripheral blood directly involved in the
spread of tumor cells from an organ-confined site to distant sites, resulting in metasta-
ses to multiple organs. However, the transition of cancer cells, derivate from primary
tumors, to blood circulation can be very drastic for the cells and they need to acquire
a special phenotype to survive to the harsh conditions of an anchorage-independent
environment. One of the most critical mechanisms involved in CTCs production is
epidermal to mesenchymal transition (EMT). This epithelial cancer cell transition to
mesenchymal state helps to maintain the invasive phenotype and metastatic potential

of CTCs (Borovski et al., 2011). Growing evidences indicates that cancer cells loss their
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cell-cell junctions after EMT, becoming more motile and aggressive, allowing more
efficient cancer cell metastasis (Zhang et al., 2016). EMT process occurs specially as a
result of combined epigenetic mutations and changes in tumor microenvironment and

directly influences the regulation of tumor development (Pietila et al., 2016).

CTCs are part of tumor cellular heterogeneity and the mainly difficult in obtain
a suitable molecular definition for these cells is their rarity in blood. It is estimated
to exist 1 among 10° to 10" normal white blood cells (Ross et al., 1993) or 1 to 10 CTCs
for each 4 mL of blood of metastatic melanoma patients (Freeman et al., 2012). A re-
cent mini-review exalted the importance of CTCs detection and characterization in
the blood of cancerous patients as an alternative to invasive tissue biopsies and to
improve the cancer prognostics (Zhang et al., 2016). This new prognostic strategy has
been called liquid biopsy and could be very helpful to elucidate how the CTCs gain
resistance against anti-cancer treatments. Therefore, CTCs isolated from blood flow
through non-invasive method could allow various clinical advantages: monitoring
phenotypic changes in cancer cells of metastatic patients; detection of this markers as
an indicative of tumor progression; discovered future targets to individualized cancer
therapies, apart lead to a better understand of cancer cell biology and metastasis me-
chanisms (Lianidou et al., 2015). The available methods to CTCs isolation and detec-
tion in blood flow can include antibody-based capture assays, size-based filtration or
nucleic acid-based assays (Pore et al., 2016). Unluckily, these methods are very techni-
cally limited, specially due to the sparse number of CTCs in circulating blood of cancer
patients (Adams et al., 2015). Xu & Zhong (2010) reinforce the necessity to discovery
miniaturized methods, specially using the nanotechnology, that allows fully charac-
terized CTCs in a single-cell level. Due to this expressively role of CTCs in metastases
pathogenesis, these cells have become a very promising target to evaluate the patient’s
prognostics and to develop new treatment strategies to prevent cancer dissemination
(Hayes & Paoletti, 2013).

Nevertheless, it has been reported that individual CTCs are not the only respon-
sible for metastatic progression. In addition, aggregates of CTCs, referred to CTCs
clusters or circulating tumor microemboli, demonstrated to play a key role in tumor
dissemination (Hai et al., 2017; Au et al., 2017). These clusters of tumor cells were dis-
covered in the 1950’s, however due to the lack of suitable techniques for CTCs clusters
isolation for the past decades, the ability of these cell aggregates to generate metastasis
were only evidenced recently (Hong et al., 2016). Studies showed that the CTCs clus-
ters, despite to be in inferior amounts than single CTCs in blood flow, have a higher
metastatic potential, ranging from about 25 to 100 folds, when compared to individual
CTCs (Lione te al., 1978; Aceto et al., 2014; Au et al., 2016).
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In general, CTCs clusters have a heterogeneous composition, including ephitelial
and mesenchymal tumor cells, non-tumor cells, macrophages, endothelial and epithe-
lial cells, fibroblasts and platelets. This tumor derived stromal cells are responsible to
impair the immune attack of CTCs clusters and increase the viability of tumor cells,
specially protecting them from the shear forces in the blood stream and enhancing the
tumor progression (Aceto et al., 2014; Hong et al., 2016; Khoo et al., 2017).

The isolation and characterization of CTCs clusters can offer important new in-
sights for the development of more effective anticancer therapies and better elucidate
the metastastic process (Khoo et al., 2017). Among the techniques for isolation of CTCs
clusters, antibody-based methods are not very effective due to the higher surface area
of CTC clusters compared to single CTCs, which hinders the antibody capture (Hong
et al., 2016). The most promising methods developed recently for CTCs clusters de-
tection and isolation are based on the physical properties of these cell groups, such as
the size, combined with microfluidic technology (Khoo et al., 2017; Chiu et al., 2018).
Despite of the more critical role of CTCs clusters in metastasis compared to indivi-
dual CTCs, little is known about the mechanisms of metastasis development by CTCs
groups and how the tumor cell clusters microenvironment supports their viability in
blood flow. In this way, it is very important to develop new plataforms for detection
of intact CTCs clusters and make feasible their clinical application.
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iomarkers are molecules that can be measured and evaluated as indicative of
Bnormal biological processes or pathological conditions, such as cancer. There
is a wide variety of biomarkers including transmembrane proteins (e.g., receptors),
glycoproteins (e.g., integrins), nucleic acids (e.g., microRNAs), transcription factors,
carbohydrates, hormones, and antibodies (Schwarzenbach et al., 2011; Sethi et al., 2013).
In recent years, significant efforts have been made to better characterize biomarkers
in oncology, which play a critical role in initiation, progression, and maintenance of
tumors. In melanoma skin cancers, a large number of biomarkers, mainly proteins,
have been identified in melanoma cells and their expression have been correlated with
different stages of melanocytic tumor progression (Marconi et al., 2015). In this con-
text, the identification and recognition of biomarkers expressed in two particular types
of metastatic melanoma cells, melanoma cancer stem cells (m-CSCs) and circulating
melanoma cells (CMCs), have been reported as an important strategy to provide an
accurate diagnosis and improve the therapy of this skin cancer (Freeman et al., 2012;
Schlaak et al., 2012; La Porta & Zapperi, 2013).

The biomarkers can be non-invasively assessed and detected in body fluids as
blood, urine, feces and sputum, or invasively assessed by a tissue biopsy (Henry &
Hayes, 2012; Xiao et al., 2013). High throughput technologies have been adopted to
identify and characterize potential biomarkers include positron emission tomography,
protein microarray, exome sequencing, flow/mass cytometry, multicolor immunohis-
tochemistry and capillary electrophoresis (Sethi et al., 2013; Yuan et al., 2016).

The detection and characterization of m-CSCs and CMCs by accurate techniques
could allow to clinicians establishes more effective prognostics and infers the mela-
noma metastatic risk of current patients as well as the relapse disease potential of pa-
tients that were submitted by curative resections (Huang & Hoon, 2016). Despite the
clinical relevance of these cells, the most challenge drawbacks to clinical applications
of m-CSCs and CMCs is their heterogeneity of biomarker expression and the isolation
of these cells from tumor sites and blood circulation (La Porta & Zapperi, 2013; Gray
et al., 2015; Zand et al., 2016).

In the next two chapters of this book, we describe the main biomarkers reported
in literature for m-CSC and CMCs (Figure 1 and Table 1), their role in metastasis and

their current clinical applications in diagnosis and treatment of melanoma.
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Table 1 - Current biomarkers detected in m-CSC and CMC.

Biomarkers  Type E)illlzlzé;ion Main functions/ Mechanisms References
(@) Mesenchymal cancer stem cells (m-CSC)
Mak et al., 2014
Plasma Signaling function/ cell differentiation !
D133 TM/1gSF Membrane into tumor endothelium Borovski et al., 2011
Wu et al., 2009
TM/IgSE/ Plasma Cell survival, apoptosis and adhesion/ .
D271 TNFR Membrane regulation of pl-integrin Valyi-Nagy et al., 2012
CD166 TM/IgSE/ Plasma Cell growth, migration and adhesion/ Weidle et al., 2014
Alcam membrane heterophilic and homophilic cell-cell Swart, 2002
interactions
CDa4 g\ﬁ{ égSF/ Plasma Cell adhesion, migration/ heterophilic Ahrens et al., 2001
membrane and homophilic cell-cell interactions Faaseen ef al., 1992
TM/1gSF/B-
CD20 ceﬁ:spf?ﬁc Plasma Regulates cell-cycle progression of B Cragg et al., 2004
frfoles:ulzce Membrane lymphocytes/ Ca*? channel activity Tedder & Engel, 1994
(b) Circulating Melanoma cells (CMC)
Cytosol (Golgi
Ordoiiez, 2013
Protein/ complex, ER and Melanocyte differentiation, biosynthesis " <.)f1ez
MART-1 MDA melanosomes), of melanin and T-cells recognition Maziere et al., 2002
plasma membrane gn Rimoldi et al., 2001
(HLA- restricted
epitope)
Cytosol
GP100 Protein/ (melanosomes), Melanocyte differentiation, biosynthesis ~ Ordoérez, 2013
MDA plasma membrane  of melanin and T-cells recognition Maziere et al., 2002
(HLA-restricted
epitope)
Cytosol
TYR Protein/ (melanosomes), Melanocyte differentiation, biosynthesis ~ Ordoénez, 2013
MDA plasma membrane  of melanin and T-cells recognition Maziere et al., 2002
(HLA-restricted
epitope)
Regulates the production of melanin
Cytosol, plasma . . Rees, 2000
MCIR T-GPR Membrane (eumelanin and pheomelanin) by Lopez et al.,, 2007

melanocytes

() Common Markers (m-CSC and CMC)

MAGEA3 Protein/ Cytosol, plasma Cell cycle progression and apoptosis/ Sigalotti et al., 2002b
MDA membrane (HLA- Immune response against cancer Rimoldi et al., 2001
restricted epitope)
Support endothelial integrity,
i i D tal., 2013
MCAM/ Plasma lymph(.)cyte recrultment./ Cell adhgsmn, uan eta
TM/IgSF migration, homing, and inflammation Ouhtit et al., 2009
CD146 Membrane . .
/homotypic and heterotypic cell Elshal et al., 2007

interactions
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Pl Cell adhesion/invasion and/or Yu et al., 2011
GD2 Ganglioside asma proliferation/ modulate intracellular and  Horta ef al., 2016
Membrane . . .
intranuclear calcium homeostasis
Cell adhesion, growth, motility and Wang et al., 2010
CSPG4 T.PG Plasma survival; angiogenesis/ activation of Wang et al., 2011b
Membrane integrins and GTPase family proteins Price et al., 2011

BIOMARKERS FOR M-CSCS

A novel and promising clinical approach to improve the prognostics of patients
with metastatic melanoma is the targeting of m-CSCs, specially through immunothe-
rapy in both tumor site and blood flow. Unfortunately, despite of the increase research
efforts to understand the antigenic profile of these cells, little is known about the ex-
pression of specific tumor-associated antigens and which are the triggers and microen-
vironmental conditions that regulates these antigens expressions in m-CSCs (Sigalotti
et al., 2008). Nevertheless, it is well-known that normal and tumor pluripotent cells
generally displays cluster differentiation markers at the cell surface and that m-CS-
Cs also overexpressed specific cluster differentiation antigens, such as CD133, CD44,
CD20 and CD271 (Shmelkov et al., 2008; Singh & Settleman, 2010; Morath et al., 2016).

In this context, CD133 is one of the most well characterized antigen presented in
the surface of normal stem cells and CSCs derivate from a wide range of tissue types
and its epitope AC133 has also been highly used as an important biomarker to detec-
ted and isolated CSCs (Mak et al., 2014). The CD133 is a 120-kDa transmembrane gly-
coprotein, expressed in plasma membrane and their expression have been associated
with chemoresistance and radioresistance in various cancer types (Ferrandina et al.,
2009; Wu & Wu, 2009). Recent evidences support that CD133 plays an essential role
in establishing the vascular niche through the cell differentiation into tumor endothe-
lium, however the mechanisms that govern its function require further elucidation
(Mak et al., 2014). CSCs expressing CD133 (CD133*) have also been demonstrated to
have an important signaling function, attracting and activating cells from the tumor
microenvironment (Borovski et al., 2011). Another study suggested that CD133* mela-
noma cells have an enhanced ability to initiate primary tumors compared to melano-
ma cells that not expressed CD133 (CD133") (Monzani et al., 2007).

Furthermore, CD44, a very well described m-CSCs surface marker, has been a
topic of an intense research interest, specially due to the increased evidences of their
role in tumor progression and metastasis (Negi et al., 2012; Thapa & Wilson, 2016). The
CD44 is a cell molecule adhesion overexpressed in several types of cancers, including

melanoma, and might promote the ability of cancer cells to self-renew and differen-
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tiate by interacting with tumor microenvironment (Morath et al., 2016). Overall years,
various studies have been correlated the level of CD44 in malignant melanoma cells
lines with a higher metastatic risk (Dietrich et al., 1997; Ahrens et al., 2001). In addition,
it was demonstrated that the stimulation of CD44 by hyaluronic acid on melanoma
cells mainly induced an increase in proliferative capacity of these cells (Ahrens et al.,
2001) . Dou and coworkers (2007) demonstrated that the co-expression of the markers
CD44 and CD133 in B16F10 melanoma cells are associated with stronger tumorigenic
potential in mice and the identification of these two markers provide an important
method for further CSCs target therapy.

Another important marker of mature B cells associated with m-CSCs is the CD20.
Fang and collegues (2005) suggested a correlation between CD20 expression in mela-
noma sphere cultures and preferential clonogenicity capacity. Due to this property,
the monoclonal antibody against CD20 (Rituximab®) has been tested aiming m-CSC
elimination. Schmidt and collegues (2011) demonstrated that CD20 was an effective
target to eradicate estabilished melanoma lesions in immunodeficient mice. Further-
more, clinical studies evaluating metastatic melanoma patients treated with Rituxi-
mab® resulted in a regression of metastatic lesions and prevention of disease recurren-
ce (Pinc et al., 2012; Schlaak et al., 2012).

The CD271, a neurotrophin receptor, has been related with m-CSCs profile (Valyi-
-nagy et al., 2012). This receptor is widely expressed in human normal and neoplastic
tissues of neural crest origin, specially melanoma (Kruger et al., 2002). Recently, it was
suggested an inversely correlation between the CD271 expression in melanoma cells
and tumor progression. The expression of CD271 exhibited a significantly decrease in
metastatic melanoma cells when compared with primary tumor using in vitro zebra-

tish melanoma model of three-dimensional multicellular spheroids (Saltari et al., 2016).

One of the suggested explanations for these results was that CD271 negative
profiles promoted the down regulation of ( -integrin, decreasing the cell-cell adhe-
sion which improved the cells ability to invade and causes the melanoma progression.
Another cluster differentiation molecule that also has been correlated with poor prog-
nosis in malignant melanoma patients is the activated leukocyte cell adhesion mole-
cule (ALCAM/CD166). This m-CSC marker is involved in cell growth, migration and
adhesion. The regulation of cell adhesion in tumor tissue is a key process for metasta-

tic development through the cell evasion from primary tumor to surrounding tissue
(Swart, 2002; Weidle et al., 2014).
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BIOMARKERS FOR CMCS

Van der Bruggen (1991) discovered the first Melanoma Differentiation Antigens
(MDA), proteins that are only expressed on melanocyte lineage, whether normal or
tumor cells. Since then, more than 55 proteins with a homolog domain of 200 ami-
no acids (MAGE Homology Domain, MHC) were identified and characterized. These
proteins represent the melanoma differentiated cells and are associated with tumori-
genic phenotypes (Sang et al., 2011). MAGE proteins are rather expressed in normal
cells but is overexpressed in various forms of cancers as bladder, breast, squamous
carcinoma and more frequently in melanoma and lung cancer (Roeder et al., 2005). The
recent literature showed that these proteins play a major role in cell cycle progression
and apoptosis as also on immune response against cancer. However, their biological
functions and mechanisms are not yet well understood (Sang et al., 2011).

A well-characterized biomarker of this family is the MAGE-A3, a tumor-specific
antigen expressed in a variety of cancers and presented in 57% to 76% of metasta-
tic melanoma. It has been utilized as a diagnosis and prognosis biomarker for CMC
and has also been studied as a target for cancer immunotherapy (Sigalotti et al., 2002;
Roeder et al., 2005). Despite of MAGE-A3 has been considered an attractive target for
immunotherapy, this antigen recently failed in two different phase 3 trials for melano-
ma and non-small-cell lung cancer (NSCLC). The adjuvant treatment with the MAGE-
-A3 immunotherapeutic did not increase disease-free survival and any other clinical
outcome measure compared with placebo (Vansteenkiste et al., 2016). These results
reinforce the problematic of cancer vaccination technology to improve the prognostics
in patients and overcome the immunosuppressive environment of aggressive cancer
types as NSCLC.

Apart MAGE antigens, another three MDA can be highlighted, especially due
to the application in melanoma diagnosis and cancer immunology: melanoma anti-
gen recognized by T-cells (MART-1/Melan-A); glycoprotein 100 (gp100) and tyrosi-
nase (TYR). These melanocyte antigens are responsible for melanoma differentiation,
biosynthesis of melanin and T-cells recognition of antigens presented at cells surface.
In recent years, a new approach for cancer prevention and immunotherapy are the
development of vaccines using these antigens, specially MART-1 (Gibney et al., 2015;
Reed et al., 2015; Tazzari et al., 2015).

The melanocyte differentiation marker MART-1 is found in the membranes of
the Golgi apparatus, endoplasmic reticulum, as well as the plasma membrane itself
(Chen et al., 1996; De Maziere et al., 2002). It is homogenously expressed in normal

melanocytes from skin and retina and in 75 to 100% of human melanomas, but not in
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other cancer types (Meng et al., 2015). Mockey and collegues (2007) developed histi-
dylated lipopolyplexes containing MART-1 mRNA and demonstrated that this system
was effective on protected against BI6F10 melanoma tumor progression, drastically
reducing by 75% the total number of lung metastases. A pilot phase I-II trial designed
by Pucchio and collegues (2006) evaluated the effects of a co-therapy using IFN-a;
Melan-A/MART-1 and gp100 peptides in stage IV melanoma patients. It was demons-
trated an enhancement in CD8+ T cells recognizing MART-1+gp100+ melanoma cells.

TYR, a protein expressed in melanocytes, is another important CMC biomarker
utilized in cancer immunotherapy. The technique of RT-PCR can detect marker RNA
expression in the peripheral blood and was used for the first time by Smith, Lattman
& Carter (1991) for detection of TYR. Cancer vaccines based on injection of xenogeneic
TYR DNA peptide have been tested and demonstrated to induce humoral and cytoto-
xic lymphocyte immune responses against human melanoma cells that express TYR,
resulting in tumor growth inhibition (Yuan et al., 2013). On the other side, the most
relevant achievement for xenogeneic TYR DNA vaccine have been the effectiveness of
this tumor associated antigen to improve survival in dogs with metastatic melanoma
(Bergman et al., 2006; Aurisicchio et al., 2015). Based on these positive results, xenoge-
neic TYR DNA vaccine (Oncept®) was commercially approved in USA (Bergman et al.,
2006).

In the context of MDA, various researches have been observed an upregulation
of gp100, MART-1 and TYR antigens in melanoma cell lines treated with (v-raf murine
sarcoma viral oncogene homolog B1) (BRAF) and mitogen-activated protein kinase
kinase (MEK) inhibitors, resulting in improvement of antigen-specific recognition by
gp100 and MART-1 specific T-cells (Boni et al., 2010; Ott et al., 2013). It has been sug-
gested that the oncogenic BRAF suppressed the MDA expression by Microphthalmia
Associated Transcription Factor” (MITF). This transcriptional factor is also considered
a class of human melanoma marker that regulates the transcription of multiple MDAs.
MITF is consider the master regulator of melanocyte development and melanoma on-
cogene. It is also involved with the plasticity of melanoma cells (Hartman et al., 2014).
The overexpression of this oncogene MITF was shown high sensitivity for metastatic
melanoma (88-100%) and could be associated with a reduced survival in melanoma
patients (Prieto & Shea, 2011). MITF can also support the diagnosis of metastatic tu-
mors that are suspicious for melanoma but negative for common melanoma markers
as MART-1 and TYR (Guo et al., 2013).

Melanocortin-1 receptor (MCIR) is an important member of G-protein-couple
receptor family that regulates the amount and type of melanin (eumelanin and pheo-

melanin) produced from melanocytes, which determine the melanoma phenotype and
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risk factor. On the other hand, the expression and function of MC1R in amelanotic and
nonmelanocytic tumors remains unclear (Ghiorzo et al., 2009; Ordoéiiez, 2014). This
receptor is highly expressed in melanoma but lower expressed on normal cells and
other cancer types (Lopez et al., 2007). Kennedy and collegues (2001) described that
numerous MCI1R variants predispose to cutaneous melanoma and this predisposition
is largely independent of skin type. It is also suggested that the risk for malignant
melanoma, associated with MCI1R variants, was confined only to BRAF-mutant mela-

nomas (Fargnoli et al., 2008).

Despite of above discussed evidences, the recent literature about the feasibility
of CMC:s clinical applications demonstrated to be controversial. Although there was a
general agreement that correlated the abundance of CMCs tumor biomarkers in blood
flow with a poor prognostic and decrease of patients overall survive another resear-
ches suggested that the use of melanocytic markers to detect CMCs could lead to fal-
se-negatives results, specially with the cells that presents anmelanotic and phenotypes
associated with lack of pigmentation production (Notani et al., 2002).

One of the most used methods for CMCs isolation is based on the immunocyto-
chemical identification of surface markers (Liu et al., 2011). The CellSearch® system is a
recent platform commercially approved by FDA for CTCs isolation. This technique is
based on targeting cell markers in metastatic cancers, such as epithelial cell adhesion
molecule (EpCAM) and melanoma cell adhesion molecule MCAM/CD146/MUC18)
(Farace et al., 2011). MCAM, generally expressed in lymphoid tissues as a receptor for
laminin alpha 4, is strongly expressed on the surface of CSCs derived from human
bone marrow (Covas et al., 2008; Russell et al., 2013). In addition, this receptor is also
largely expressed by endothelium cells and their function has been associated with
support of endothelial integrity (Schrage et al., 2008). Besides, the MCAM is up-re-
gulated in inflammatory diseases and is also involved in lymphocyte recruitment by
endothelium (Guezguez et al., 2007; Duan et al., 2013). Despite the lack of specificity
for melanoma, studies have been explored MCAM as a promising target in melanoma
diagnosis and cancer therapy, particularly in cases where the histology is suggestive
but other melanoma markers are negative (Koch et al., 2001; Staquicini et al., 2008).
Besides, recent studies associated the detection of MCAM/MUC18 in melanoma pa-
tients as a molecular warning of melanoma metastatic potential, with higher incidence

of disease relapse, poor prognosis and death (Elshal et al., 2005; Rapanotti et al., 2014).

Biomarkers also associated with general tumorigenic phenotypes have been used
for target melanoma diagnosis and treatment. Two examples of these types of gene-
ral makers are the Ganglioside GD2 and HMW-MAA /CSPG4. The Ganglioside GD2

is a membrane receptor, highly expressed on tumors of neuroectodermal origin as
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melanoma, neuroblastoma, brain tumors and osteosarcomas, and have restricted ex-
pression in normal tissues, specially in peripheral nerves, melanocytes and brain cells
(Longee et al., 1991; Yu et al., 2016). This ganglioside receptor is also highly expressed
in human mesenchymal stem cells and has been reported as a useful cancer stem cells
biomarker, specially for neuroblastomas, breast cancers and melanoma (Battula et al.,
2012; Senses et al., 2017). Studies suggested that the anti-GD2 antibodies can have a
direct cytotoxic activity, inducing a rapid cell death when incubated with GD2-po-
sitive tumor cells (Kowalczyk et al., 2009; Doronin et al., 2014). Multiple clinical trials
have been performed using different types of anti-GD2 monoclonal antibodies classes
in different cancer types, including melanoma (Albertini et al., 1997; King et al., 2004;
Choi et al., 2006). Generally, the positive results of these studies were prominent to
neuroblastoma cases, improving patients survival (Handgretinger et al., 1995; Cheu-
ng et al., 1998; Navid et al., 2014). However, the treatment with anti-GD2 antibodies
have been related with peripheral nerves fibers toxicity resulting in acute pain during
the treatment (Roth et al., 2014). Phase I trial using humanized Anti-GD2 is ongoing
in children and adolescents with neuroblastoma, osteosarcoma, ewing sarcoma and
melanoma (ClinicalTrials.gov identifier: NCT00743496). Recently, FDA has approved
the antibody GD2, dinutuximab®, for the treatment of pediatric patients with high-risk
neuroblastoma, based on findings from a phase III clinical trial conducted by the Chil-

dren’s Oncology Group (Yu et al., 2010).

Another well-characterized melanoma surface antigen is the melanoma-associa-
ted chondroitin sulfate proteoglycan or high molecular weight-melanoma-associated
antigen (CSPG4/HMW-MAA /NG?2). This transmembrane proteoglycan is frequently
expressed on normal tissues throughout development and in various types of cancers,
including glioma, squamous cell carcinoma, breast carcinoma and melanoma. In addi-
tion, CSPG4 is expressed by cancer stem cells in squamous cell carcinoma, glioblasto-
ma, breast carcinoma and melanoma (Major ef al., 2013; Beard et al., 2014). In fact, stu-
dies have been demonstrated that CSPG4 plays an important role in controlling tumor
microenvironment signals, specially through the activation of integrins promoting
adhesion, motility and survival of cancer cells (Bluemel et al., 2010). CSPG4 protein is
expressed in all melanoma stages, probably due to their multifunctional mechanisms
that regulates multiple oncogenic pathways which leads the melanoma progression,
enhancing the metastatic properties (Burg et al., 1998). Therefore, the CSPG4 has been
considered as a promising immunotherapeutic target to delaying progression and/or
recurrence in melanoma patients (Wang et al., 2011).
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SURGERY

n general, surgery is the first-line treatment for the excision of localized mela-
Inoma primary tumours (Dummer et al., 2015). Related to cutaneous melanoma
metastasis, the surgical resection of metastasis lesions in the same region or outside the
region of the primary tumor, demonstrated to be a promising palliative option, when
combined with systemic therapy, to improve the patient survival rates (Sosman et al.,
2006; Agarwala et al., 2014; Maverakis et al; 2015). Nevertheless, the effectiveness of
surgical excision for advanced melanoma patients depends on the number of resecta-
ble metastasis sites and the surgery is only indicated, except for palliation, when the
melanoma has spread to only limited sites, the most communs including the lungs,
lymph nodes, brain and liver (Leung et al., 2012).

MONOTHERAPY AND COMBINATION THERAPY

Over 30 years, one of the most used biochemotherapic approaches for treatment
of metastatic malignant melanoma consisted in the monotherapy with the administra-
tion of classical chemotherapeutic agents such as dacarbazine (FDA, 1975) and immu-
notherapeutic agents such as interferon-alfa-2b and interleukin-2 (Legha et al., 1998;
Rosenberg et al., 1999). However, several studies demonstrated that only a small part,
below 20%, of advanced metastatic melanoma patients treated with these agents, se-
parately or in combination, had a relevant impact on five-year survival rates or clinical
regression (Maio et al., 2015). In addition, serious side effects have been associated
with conventional chemotherapeutic agents specially due to high toxicity to normal
cells, low bioavailability, non-specific distribution and multidrug resistance (Gao et
al., 2014).

Many efforts have been made, over the past decade, to overcome these drawba-
cks, improving the efficacy of classical chemotherapeutic agents and introducing tar-
geted therapies and immunotherapies (Amann et al., 2016; Kakavand et al., 2016). The
recent anti-melanoma agents approved by FDA for monotherapy or combination the-
rapy regimens, including: the second-generation BRAF inhibitors, vemurafenib and
dabrafenib (Chapman et al., 2011; Hauschild et al., 2012), the MEK inhibitors, trameti-
nib and cobimetinib (Kim et al., 2012; Larkin et al., 2014) and the immunotherapeutic
agents, ipilimumab, pembrolizumab and nivolumab (Hodi et al., 2010; Robert et al.,
2014; Wolchok et al., 2013) (Figure 2). The monotherapy with these anti-melanoma
agents represented a great medical breakthrough, leading to better prognostics to ad-
vanced melanoma patients, with a clinically meaningful survival benefit on order of
5-7 months for targeted agents, such as vemurafenib and trametinib (Weber et al., 2016;

Najem et al., 2017). Nevertheless, the single-agent therapy for metastatic melanoma pa-
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tients demonstrated to present several drawbacks, including high tumor relapse rates,
drug resistance, low percentages of cure and serious toxic effects (Topalian et al., 2014;
Larkin et al., 2015; Grob et al., 2015).

Figure 2 - Milistones of metastatic melanoma treatment, drugs approved by FDA until present.
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On the other hand, the combination therapy, with immunotherapeutic and tar-
geted agents, demonstrated to achieve a long-term prognosis, fewer side effects and
high efficacy compared to monotherapy; prevent and/or overcome resistance (Long
et al., 2014; Grob et al., 2015; Ascierto et al., 2016; Wolchok et al., 2017). Despite of the
promising results of combination therapy, most patients with advanced melanoma
until presents drug resistance and severe toxicities (Long et al., 2014; Moriceau et ak.,
2015; Fattore et al., 2017; Keller et al., 2017). It has been reported that 67% of the advan-
ced melanoma patients presented an acquired resistance to anti-PD-1 therapy and the
median time to resistance was 11 months (Gide et al., 2017; Wang et al., 2017). Related
to the toxicity of combination immunotherapy, the most relevant can be exemplified as
immune-mediated diarrhea, pneumonitis, colitis, hepatitis, hypophysitis, keratoacan-
thomas, squamous cell carcinoma, respiratory toxicity, arthralgia, thyroid disorders
and hypotension, which leads to a treatment discontinuation or multiorgan failure
and death of approximately 30% of patients (Ma & Armstrong, 2014; Chuk et al., 2017;
Sznol et al., 2017). In view of these therapeutic issues, is necessary to investigate the
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suitable timing and sequences of combination regimens that can improve the efficacy

and decrease the toxicity of the treatment (Najem te al., 2017).

RADIOTHERAPY

Another therapeutic strategy used in advanced melanoma patients is the radio-
therapy (RT). Radiotherapy can provide palliation for the patients who develop unre-
sectable, locally recurrent, or symptomatic metastatic disease, especially in intracranial
metastases (Maverakis et al., 2015; Kyu Hwang et al., 2017). Most recently, preclinical
and clinical studies of RT combined with immunotherapeutic agents in the treatment
of advanced melanoma have been reported (Chandra et al., 2015; Liniker et al., 2016).
The ability of RT and immunotherapy to increase the immune-response to tumors lo-
cated in distant non-irradiated metastatic sites is called abscopal effect. This event has
been related with an improvement of antigens presentation and expansion of T lym-
phocytes, recognizing melanocyte specific antigens, which contributes to the increase
of therapeutic response to immunotherapy (Okwan-Duodu et al., 2015; Demaria et al.,
2015). On the other hand, the potential toxicity, the dose and regimen of the combined
RT and immunotherapy remains a concern and more studies should be performed to
improve the quality of safety data of this therapeutical approach (Liniker et al., 2016).
Recently, clinical trials reported several toxicities related to the combination of anti-
-PD-1 antibodies and radiotherapy in patients with metastatic melanoma, including
radiation dermatitis, cerebral edema, lymphoedema and neurotoxicity (Henderson et
al., 2015; Liniker et al., 2016).

VACCINES

More recent approach for metastatic melanoma treatment consist in the develo-
pment of vaccines that aims to augment the recognition by cytotoxic T lymphocytes
(CTLs) of specific antigens presented by melanoma cells (Chung et al., 2017; Zhang et
al., 2018). This strategy can be complementary to the therapy with immune checkpoint
inhibitors, such as ipilimumab, leading to an immune-mediated tumor regression, im-
proving clinical responses (Ali et al., 2016; Stark et al., 2017). Despite of the promising
pre-clinical results, melanoma vaccines have demonstrated a limited therapeutic effect
and high toxicity in clinical studies, probably due to the intrinsic tumor heterogeneity
that limits the effective presentation of tumor antigen and leads to poor recognition by
the immune system (Lowe et al., 2013; Ott et al., 2017; Ferguson et al., 2018).

NANOTECHNOLOGY

In general, nanotechnology is a multidisciplinary field and can be defined as the

engineering and manufacturing of materials at the atomic, molecular or supramole-
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cular scales with the aim to produce systems with specific and unique characteristics
(Maynard, 2006). In biomedical field, specially in oncology, the application of nanote-
chnology in drug delivery systems has been extensively explored through the deve-
lopment of nanoscale-sized structures for local drug delivery (Xie et al., 2015; Piktel et
al., 2016). Among the different types of nanoscaled drug delivery systems, the most
studied for anticancer applications are lipid-based or polymer-based nanoparticles
(Prabhu et al., 2015; Arranja et al., 2017).

In view of these advanced melanoma treatment approaches, the nanotechnology
has been considered one of the most important strategies to overcome the hazards
related to the current cancer therapies, such as toxicity, limited efficacy and/or drug
resistance. In this way, nanotechnology approach aiming to improve the efficacy of
existing cancer therapies, promote the site specificity on tumor cells and minimize
the several adverse effects arising from off-target toxicities. Besides anticancer drug
delivery applications, nanocarriers have been extensively used to incorporate imaging
agents in multi-functional nanoparticles and improve their biodistribution to cancer
sites allowing the monitoring of disease progression in real-time (Daga et al., 2016; Par-
vanian ef al., 2016). Furthermore, the integration, in a single formulation, of therapeutic
drug delivery and diagnostic agents, characterizing a theranostic nanomedicine, has
been considered a promising strategy to personalize the cancer treatment and to avoid
the metastasis through early diagnosis and continuously monitoring of therapeutic
response (Sharma et al., 2016; Shi et al., 2016). However, some drawbacks related to
the nanotechnology applications for advanced melanoma treatment including the di-
fficulty to adjust drug dose and a better understanding of how the physicochemical
properties of nanocarriers can affect tumor cell targeting and biodistribution of anti-
cancer drugs need to be overcome (Bertrand et al., 2014; Chen et al., 2017). The Figure 3
resumes all these discussed strategies for metastatic melanoma treatment.
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Figure 3 - Strategies for metastatic melanoma treatment: their advantages and related drawbacks.
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s already discussed in previous sessions, the subpopulation of m-CSCs and
ACMCS play a key role in development of distant metastasis and their pre-
sence are correlated with poor prognostics. The multidrug resistance of m-CSCs to
currently chemotherapy agents is until one of the major therapeutic challenge in ad-
vanced melanoma treatment and can explain the high incidence of disease relapse,
giving rise to new tumors and metastases (Vinogradov & Wei, 2012). In general, CSCs
demonstrated an enhanced capacity to develop specific drug resistance mechanisms
to chemotherapy, such as the overexpression of different drug efflux transporters (Ab-
dullah & Chow, 2013). Various drug efflux transporters involved in chemoresistance
of m-CSCs have been identified, including P-glycoprotein (P-gp), DNMT3B, EPASI,
JARID1B, TERT and ABC multidrug transporters, specifically ABCB5, ABCB1 and
ABCG2 glycoproteins (Wouters et al., 2013; Wilson et al., 2014).

Other factors as the presence of antiapoptotic signaling pathways, specific pro-
tective microenvironment and hypoxia are responsible for the multiple resistance me-
chanisms of CSCs in tumor site and in blood flow. The most extensively characterized
growth and survival pathway involved in melanoma resistance to apoptosis is the
phosphatidylinositol-3-kinase (PI3K) pathway (Paluncic et al., 2016). The activation
of PI3K results in phosphorylation of ERK and protein kinase B (AKT) leading to an
activation of the mammalian target of rapamycin (mTOR) and GSK3p inhibition, res-
pectively. In turn, the inhibition of GSK3p protein results in an upregulation of onco-
genic genes, such as c-MYC and cyclin D1, that leads to a strong anti-apoptotic effect
and cancer progression (Brachmann ef al., 2009). Studies demonstrated that inhibition
of survival mechanisms as PI3K/m-TOR pathway could overcome melanoma acqui-
red resistance to MAPK inhibitors (Kolev et al., 2014; Vaidhyanathan et al., 2016). In
addition, another known CSCs antiapoptotic resistance mechanism in melanoma is
the dysregulation of BCL-2 family members. Combination strategies to BCL-2 targe-
ting have been demonstrated to be efficient in eliminating both wild-type and mutant
BRAF melanoma cells and m-CSCs (Mukherjee et al., 2015).

Still in this context, one of the major characteristics that contributes for m-CSCs
multidrug resistance is the existence of a protective microenvironment with specific
properties that helps to maintain the m-CSC in a quiescent state and consequently
minimizing the chemotherapy effects (Vinogradov & Wei, 2012). The phenotypic plas-
ticity of melanoma cells explains how the cells respond to microenvironmental sig-
nals that downregulates the melanocytic proliferation activity and activates a mesen-
chymal cell state which conduce to a more metastatic potential (Widmer et al., 2015).
The niche-associated vasculature supports, protects and maintain the CSCs and the
heterogeneous microenvironment composed by different cell types and cytokines (Vi-

nogradov & Wei, 2012). Considering these characteristics, the combination of antian-
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giogenic therapies and chemotherapies can reduce the number of CSCs and increase
the tolerance to chemotherapy toxicity (Spitler et al., 2015; Haase et al., 2016). On the
other hand, besides the preclinical studies and clinical trials demonstrated that antian-
giogenic agents have a potential efficacy to suppress tumor growth, several studies
have been suggested a limited survival benefit, high relapse rates, acquired drug resis-
tance and toxicity (Paez-Ribes et al., 2009; Gacche & Meshram, 2014). These drawbacks
are specially related to the fact that the anti-angiogenic agents can target indiscrimina-
tely both physiological and pathological angiogenesis resulting in toxicity and limiting
efficacy due to compensatory angiogenesis pathways/revascularization (Wang et al.,
2016).

Hypoxia has been considered one of the most important triggers to induce phe-
notype switch of proliferative melanoma cells to cancer mesenchymal cells with more
invasive characteristics, capable to survive and proliferate in low oxygen ratio con-
ditions. A well-known protein that mediates the hypoxic response is the HIFlalpha,
more expressed in aggressive melanoma subtypes (Marconi et al., 2015; Rhee et al.,
2016). In response to the hypoxia, this protein regulates the expression of transcrip-
tional genes that codify proangiogenic factors involved in angiogenesis induction and
apoptosis regulation, sustaining the tumor progression due to physiological adapta-
tion to a low oxygen tension (Jour et al., 2016).

Other important reported consequences after treatment with angiogenesis inhi-
bitors described in clinical assessments is the development of more invasive-metas-
tatic phenotypes (Haase et al., 2016; Jayson et al., 2016). In vivo studies demonstrated
the approved antiangiogenic agents, sunitinib and sorafenib, can facilitate metasta-
tic dissemination of syngeneic melanoma in mice (Ebos et al., 2009; Paez-Ribes et al.,
2009). The researchers suggested that the typical plasticity phenotype of CSCs and
the capacity to survive to hypoxia conditions makes the cells resistant to angiogenesis
inhibitors, which also can explain the aggressive recurrence of tumors and adaptive

resistance after treatment (Gacche & Meshram, 2014).

To overcome these consequences, studies suggest that the combination therapies
associated to the nanotechnology could reduce the stem cell-associated drug resistan-

ce and enhance the chemotherapeutic efficacy (Mukherjee & Ranjan, 2016).
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n a review of Brys and collegues (2016), they emphasize how the nanotechno-

logy-based strategies provides an opportunity to vanquish drug resistance and
toxicity associated with current advanced melanoma therapies and improving phar-
macokinetics, targeting, or other features of anti-cancer pharmaceuticals. It is already
well established that the most efficient strategy to prevent the multidrug resistance in
advanced melanoma patients is the combination therapy. The combination of different
pharmacotherapies for metastatic melanoma as kinase inhibitors, immunomodulators
and conventional chemotherapeutic agents as paclitaxel (PTX), could reach a greater
number of potential targets involved in melanoma development and consequently
result in a higher overall response and progression free survival (Bombelli et al., 2014;
Brys et al., 2016).

Several studies have been demonstrated that the vehiculation of antiangiogenic
agents in nanoparticles can surpass the drug resistance, toxicity and low efficacy re-
lative to the pure drug (Guan et al., 2014a; Guan et al., 2014b; Mukherjee et al., 2015;
Haase et al., 2016). It is already well established that the tumor vascularity is critical to
regulate tumor microenvironment functions and consequently ensure CSCs survival.
A strong correlation was observed between enhanced tumor growth and metastasis in
human malignant melanoma and vascular endothelial growth factor (VEGF) overex-
pression (Spitler et al., 2015). Strategies to indirectly eradicate CSCs by encapsulation
of cytotoxic and antiangiogenic agents in nanoparticles, including VEGF antibody (be-
vacizumab), have been reported (Guan et al., 2014a; Guan et al., 2014b). The antibodies
encapsulation into nanoparticulated delivery systems can decrease the dosage, toxici-
ty and treatment cost, besides enhanced efficacy.

Other promising anti-cancer molecules candidates to nanotechnology applica-
tions is efflux pump and/or antiapoptotic inhibitor. Drug delivery systems encapsu-
lating these inhibitors have been a promising approach to increase the bioavailability
and consequently the therapeutic efficacy of wide range of anti-cancer drugs, specially
their target to CSCs (Chen et al., 2014; Wu et al., 2017). Related to antiapoptotic effect,
the nanotechnology can be applied to improve the inhibition of PI3K/AKT pathway
by using iron and zinc oxide nanoparticles that demonstrated to induce cytotoxicity
and apoptotic death in hepatocytes and macrophages (Sarkar & Sil, 2014). In a recent
research, the co-encapsulation of two drug resistance inhibitors, celecoxib to down-
-regulate P-gp efflux pump and buthionine sulfoximine that inhibit glutathione syn-
thesis, into polymer/inorganic hybrid nanoparticles demonstrated to be promising
strategy to reverse drug resistance in tumor treatments. In this study, was observed a
significant improve in tumor cell inhibition after resistant cancer cells were treated by
doxorubicin-loaded nanoparticles, indicate that the dual-inhibitor co-delivery system

can effectively reverse drug resistance (Wu et al., 2017).
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ADVANTAGES AND CHALLENGES OF NANOTECNOLOGY-
BASED SYSTEMS TO CTCS/CMCS TARGETING

Less than 1 in 10000 circulating tumor cells can survive to blood system, however
merely one cell is enough to metastasize other tissues, decreasing the patient’s overall
survival. The rarity of these cells in circulation make their early blood detection a great
weapon to improve the patient’s prognostics, assessing tumor progression or even
avoid metastasis and cure cancers (Wang, 2016). In this scenario, the use of nanotec-
nology for CTCs targeting can offer several advantages over conventional treatments
based on free drugs (Figure 4). It is well-described in literature that the encapsulation
of free drugs on nano-based systems can reduce the clearance and increase the plasma
drug exposure, enhancing the apparent drug circulation half-life (Kadam et al., 2012;
Blanco et al., 2016). These pharmacokinetic features are required for the efficacy of
nanocarriers that aims to intercept CICs in blood, avoiding possible metastasis and
minimizing side-effects when compared to their free drug counterparts (Blanco et al.,
2016; Yao et al., 2017). Moreover, nano-based sytems holds a wide range of functio-
nalization possibilities (e.g. stealth, targeting and stimuli-responsive groups) and can
combine different therapeutic and diagnostic strategies into one nanosystem (Hu et al.,
2015; Yao et al., 2017).

Figure 4 - Characteristics of CMCs clusters and the use of free drugs and nanocarries for CMCs targe-

ting.
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Nevertheless, nanotechnology applications for detection and treatment of the
small population of circulating cancer cells, including melanoma cells, remains to be
an enormous challenge. Nanocarriers must face several different biological barriers
and obstacles including hemorheological limitations and pressure gradients which can
limit their site-specific bioavailability and recognition by the rare population of CTCs
in blood flow (Blanco et al., 2016). Accordingly, researches involving CTCs-targeting
by nanoplataforms are still incipient and require the development of suitable methods
to mimetize the bloodstream shear stress conditions and identify the physicochemical
parameters that influence cell-particle interactions (Chen et al., 2017). Recently, an in
vitro study reported the use of a cone-and-plate viscometer to mimics the venous flow
viscosity, based on previously platelet activation tests, which was able to analyze the
cellular uptake of nanoparticles in a fluidic state (Lu et al., 2013; Yao et al., 2017). In
another in vitro study using melanoma CTCs, a flow system was used to mimic the
circulatory system with shear stress regulated by a peristaltic bomb (Chen et al., 2017).
However, no currently widely validated method for this type of analyzis and evalua-

tion of cellular uptake using flow conditions was available.

Despite of these challenges, the therapeutic and/or diagnostic use of nanotecno-
logy-based systems for the interception and/or neutralization of CTCs in the bloods-
tream have been described in the literature. Examples of recent developments in na-
notechnology to detect CMCs in blood flow for diagnosis purposes include: Raman
scattering (SERS) nanoparticles (Wu et al., 2016); Cross-linked iron oxide nanoparticles
conjugated with melanocyte markers, such as MART-1 (Gee et al., 2016); MCR1 antibo-
dy immobilized in amino-functionalized silica nanoparticles (Seenivasan et al., 2015)
and also a poly(lactic-co-glycolic acid) (PLGA)-nanofiber nanovelcro chip conjugated
with melanoma-specific antibody as anti-CD146 (Hou et al., 2013). Related to the tar-
geting of CTCs in the bloodstream for treatment purposes, a recent study of Yao and
coworkers (2017), using a metastatic breast cancer mice model, developed a dual-tar-
geting polymeric nanoparticle for antiangiogenic therapy and CTCs interception. This
study demonstrated that the multifunctional nanoparticles exhibited a potent antican-
cer effect and the double target act in synergism against the highly invasive breast can-
cer. These results are very encouraging for future research involving CTCs targeting
nanoparticles and other metastatic cancer models.

In view of the discussion above, the use of nanotechnology can be a useful tool
to combat the chemotherapy resistance mechanisms developed by m-CSCs/CMC and
the inherent disadvantages of currently available treatments options, improving the
effectiveness of anti-cancer drugs (Banerjee et al., 2011; Burke et al., 2012). The hypo-
thesis that supports the nanomedicine therapeutic approach to specifically targeted

m-CSCs/CMC is based on the harness potential of nanotechnology to create modifia-
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ble drug-delivery platforms, capable to carry high payloads of anti-cancer drugs and
increase their uptake by specific cells. Among the wide range of nanomaterials used
for this aim, the polymeric nanoparticles are suitable structures for drug transport
(Garcia-Mazas et al., 2016; Silva et al., 2016).

POLYMERIC NANOPARTICLES IN MELANOMA TREATMENT

Biocompatible and resorbable polymers were first introduced in biomedical field
as an alternative to metal surgical devices and implants (Ramakrishna et al., 2001).
Since then, several types of polymeric nanomedicines have been largely studied for
anti-cancer therapy and diagnosis, including polymer-lipid hybrid systems (Rao &
Prestidge, 2016), micelle-polymeric nanoparticles (Li et al., 2015) and polymeric nano-
particles (Li et al., 2016; Antonio et al., 2017). Nanoparticles formulated with biocompa-
tible and biodegradable polymers are one of the most investigated vectors for cancer
therapy, mainly due to these potentially modifiable physicochemical properties and
large variety of anti-cancer compounds that can be delivered into tumors in a more
specific and homogeneous way (Prabhu et al., 2015; Li et al., 2016; Vauthier & Ponchel,
2016).

Generally, polymers used to develop nanoparticles are based on polyesters, such
as poly (lactic acid) (PLA), poly (glycolic acid) (PGA), polycaprolactone (PCL) and
their copolymers poly (alkyl cyanoacrylate) polycarbonates, poly (aminoacids) and
polyphosphoesters, and also naturally occurring biodegradable polymers as chitosan
and hyaluronic acid-based polymers (Jin et al., 2012; Abruzzo et al., 2016; Vauthier &
Ponchel, 2016).

Among the several advantages of polymeric nanoparticles in cancer therapy and
diagnosis the most representatives are: improve solubility and stability of anti-can-
cer drugs, delivery large doses of chemotherapy agents, promote the accumulation of
drugs in tumor site by passive and active targeting, prevents drug leakage and reduce
nonspecific biodistribution, reduce toxicity and systemic side effects related to off-tar-
get distribution, reduce cancer cell drug resistance, control the drug pharmacokinetics
by sustained release, increasing drug circulation time in blood, reduce dose regimens,
combinate therapy and imaging agents in a single carrier, targeting multiple pathways
in cancer, protect the active principals from enzymatic degradation and rapid clearan-
ce in vivo (Couvreur & Vauthier, 2006; Prabhu et al., 2015).

In the scope of nanoparticles targeting, passive targeting and active targeting are
the two main strategies currently used (Liu et al., 2014; Kamaly et al., 2016), as represen-
ted in Figure 5. Each approach takes in account nanoparticle’s size, shape and surface

charge, tumor microenvironment and cells characteristics (Bazak et al., 2014). Among
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these nanoparticles, different types have been studied for diagnostic and treatment of

advanced melanoma including conventional surface nonmodified; stealth; targeted;

pH sensitive and core-shell nanoparticles (Table 2).

Figure 5 - Schematic illustration of passive targeting (a) and active targeting (b) for melanoma treat-
ment and diagnosis. In passive targeting, the enhanced permeation and retention (EPR) effect allows
the accumulation of nanoparticles at the heterogeneous tumor niche that contains differentiated mela-
noma cells (d-mc) and m-CSCs (a). In active targeting, the targeted nanoparticles can recognize surface
receptors expressed by m-CSCs, CMC, endothelial cells of tumor vasculature and/or d-mc and pro-
mote a receptor-mediated endocytosis and drug-delivery of antitumoral or diagnosis agents into the

melanoma cells (b).

a) Passive Targeting

Nanoparticles

Endothelial cell

.

Tumor NICHE
EPR effect \ ;'lf‘l m-CSC t‘_ "?/
* Koo @ ’
"_&"i‘}&\‘ J

- ® 6 C
Normal vasculature l - - ';:' .,—x,:—
S T =
COLL X
| |
Leaky vasculature
b) Active Targeting
~ T £ Endosoms
| 60 to 120nm
AT,
- b‘ ﬂ g v ".‘-'ﬁrug
m-CSC cMC Tumor d-mc
vasculature ’ \'B Y ,-b:

Source: Authors.

Sarah Brandao Paldcio, An Young Sarahi Taylor Castillo, Francisco Humberto Xavier Junior, Isabella Macdrio Ferro Cavalcanti



CANCER STEM CELLS AND CIRCULATING TUMOR CELLS TAR-
GETING BY POLYMERIC NANOPARTICLES FOR METASTATIC
MELANOMA TREATMENT

Table 2 - In vivo and in vitro studies with polymeric nanoparticles loaded with different drugs for
passive and active tumor targeting for advanced melanoma treatment.

Polymer(s) dD:II;‘gzere d Systems/Composition Characteristics Main results Reference
& ~210 nm Oral LNC treatment
PCL P;:e}tzyleugenol ACE-LNCs PDI~0.1 v;rlas more efficient Drewes ef
(AcE) {~-10mv  fhen al,, 2016
spherical AcE-LNC treatment
B16F10 melanoma
tumor model.
PLA Usnic acid NP’s-PLA I ~246 nm NP’s-PLA-UA Antonio et
(UA) NP’s-PLA-UA PDI~ 0.1 reduced the cell al., 2016
{~-25mV viability
spherical or in 70% over B16F10
slightly oval melanoma cell line.
PEG-b-PDTC SCID-Ms
Doxorubicin cRGD/SCID-Ms O ~150 nm Zou et al.,
(DOX) DOX-SCID-Ms PDI~0.18 2016
cRGD/DOX-SCID-Ms ¢- Neutral DOX-SCID-Ms
DOX-LPs increased mice
survival
and decreased
systemic toxicity in
B16 melanoma
tumor model in vivo
compared to free
DOX;
cRGD20/DOX-
SCID-Ms exhibited
better therapeutic
efficacy and lower
side effects
than DOX-LPs in
vivOo.
Hedgehog VIS/PHM/34a
pathway - showed a Lietal,
inhibitor @ ~ 60 nm synergistic 2015
PCL-PEI and . . PDI~0.3 . .
PCL-PEG vismodegib VIS/PHM/34a (= +43mV anticancer efficacy
(VIS) and ’ in B16F10-CD44+
microRNA- spheres metastatic
34a (34a) melanoma model.
DTX-PEGylated-
CMC increasing the
Docetaxel I ~118 nm tumor accumulation  Ernstin:
PEG-CMC (DTX) DIX-PEGylated-CMC PDI = 0.1 compared to etal, 20ng
C~ -22mV Abraxane® in
B16F10 melanoma
model.
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Hydrophobic Por-PEG-PLA

PEG-PLA

PLGA

mPEG-b-
p(HPMAmM-
Lacn)

LMWH

Aldehyde-

PEG-PLA and

MPEG-PLA

Albumin

porphyrin
derivative
(Por)

PI3K
inhibitor
(LY)

DOX

DOX

DTX

Paclitaxel
(PTX)

Por-PEG-PLA

LY-PLGA

DOX-polymeric
micelles

LH-DOX-NPs

TH10-DTX-NPs
DTX-NPs

nab-

PTX (Abraxane®)
anti-VEGF
conjugated with
Abraxane®

O ~ 80 nm
(~-73mV

I~ 110 nm
spheres

@ =80 nm
spheres

J ~155 nm
PDI~ 0.2
{~-35mV
spheres

=170 nm
PDI~ 0.2
{=-22mV
spheres

A ~160 nm

showed in vitro
phototoxicity in
B16BL6 melanoma
cells.

NP-LY
demonstrated a
higher
antiangiogenic
response compared
to free LY in B16F10
melanoma zebrafish
xenograft model.

pH responsive DOX
micelles prolonged
survival compared
to free DOX group
with no adverse
effects in B16F10
melanoma tumor
model.

pH responsive LH-
DOX significantly
reduced the tumor
growth in B16F10
melanoma tumor
model.

TH10-DTX-NPs
selective targeting
the tumor vascular
pericytes; promoted
an increase in mice
survival and low
toxicity in B16F10-
luc-G5 lung
metastasis model in
vivo.

anti-VEGF
conjugated with
Abraxane®
enhanced tumor
regression
compared to
Abraxane® in
human A375
melanoma model.

Ogawara
etal., 2016

Harfouche
et al., 2009

Talelli et
al., 2010

Mei et al.,
2016

Guan et
al., 2014

Nevala et
al., 2016
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ﬁgz;n)’ pH sensitive cRGD-
CRGD: O~ 18,50, M presented a
mPEG-b- Epirubicin M(cbm) 23, and 60 significant increasing Guan et
PAGE (EPT) and cRGD- anti-tumor activity al., 2014
M(hz) respectively; in B16F10 melanoma
. spheres xenograft model
conjugated compared with free
with EPI epirubicin.
Tumor growth was
DOX- P ~110nm  significantl .
loaded 5 y Jin et al.
HACE DOX PDI~ 0.2 inhibited by DOX- ’
HACE- . 2012
based Nps 0~ 243 loaded NPs in the
mV B16F10 melanoma
spheres model.
pH responsive 5-FU-
LfNPs prolonged
intracellular
. Fluorouracil 5-FU- D ~150nm  retention and .
Lactoferrin(Lf) 5 ) LfNPs PDI=03  enhanced umar &
~-25mV cytotoxicity effect Pl
. y y 2016
spheres (2.7 fold) compared
to the free 5-FU in
B16F10 cells.
?lil/[telzigaeris Synergistic effect of
A% & =145 to immunopotentiators
PLGA, : 1 0’0. 209 190 nm and potentiation of
PEG-b-PLGA Ef 1 00:44) Man-NPs  PDI=0.1to  the anti-tumor Silva et al.,
and PEG-b- TLEI;{p ’ 0.3 immune response in 2015
PCL ligands: ~—0.8 to B16F10 melanoma
Poly(I:C) -6.2mV tumor model.
and CpG

However, experimental studies of nanoparticles designed to specifically target

the m-CSCs and CMCs are still sparse and incipient. The recent literature involving

polymer-based nanoparticles for melanoma diagnosis and treatment will be reviewed

with focus on passive and active targeting to melanoma cells. We also analyzed the

fundamentals and challenges behind the development of polymeric nanoparticles to

target the m-CSCs/CMC, according with new insights about their biological mecha-

nisms and biomarkers.

Chapter 6
NANOTECHNOLOGY APPROACH TO MELANOMA CELLS, M-CSCS AND CMCS TARGETING



CANCER STEM CELLS AND CIRCULATING TUMOR CELLS TAR-

GETING BY POLYMERIC NANOPARTICLES FOR METASTATIC
50 MELANOMA TREATMENT

PASSIVE TUMOR-TARGETING OF DRUG LOADED
NANOPARTICLES

In the early stages of tumor progression, it is demonstrated that solid tumors
cannot grow further than 2 mm in diameters without angiogenesis (Folkman, 1971).
To support the tumor growth, a high oxygen and nutrients are demanded, and the-
se factors stimulate the uncontrolled angiogenesis. That phenomenon leads to leaky
and intricate blood vessels, that are constantly under inflammatory state and it is as-
sociated with metastasis, tumor recurrence and poor survival rates (Banerjee et al.,
2011; Bertrand et al., 2014). First described by Matsumura and colleges (1987), enhan-
ced permeability and retention (EPR) phenomenon is based on these anatomical and
pathophysiological properties of tumor microenvironment which can promote an ac-
cumulation of large molecules, such as proteins, through leaky vasculature and poor
lymphatic drainage in the tumor (Bazak et al., 2014). Passive targeting of drugs is based
on non-specific accumulation of drug-loaded nanoparticles in the tumor site, as a con-
sequence of EPR effect (Danbhier et al., 2010).

Structurally simple polymeric nanoparticles based on polyesters, as PCL and
PLA, or cellulose polymers, such as carboxymethylcellulose, have been recently de-
veloped to improve the passive drug accumulation by EPR effect in melanoma tumor
niche. Nanoparticles consisted of PEGylated carboxymethylcellulose conjugate with
docetaxel (DTX) improved the specificity of delivery increasing 203-fold the tumor ac-
cumulation compared to the FDA approved Abraxane® in B16F10 melanoma models
(Ernsting et al., 2012). Lipid-core nanocapsules, composed of PCL shell and caprylic tri-
glyceride oil core, encapsulating acetyleugenol (AcE-LNC), were administered orally
in B16F10 mice melanoma model. The treatment with empty LNC induced a higher
reduction in the tumor volume when compared to the AcE-LNC and free AcE at the
same dose. The authors explained these interesting results by the possible interactions
between AcE and PCL altering the crystallinity of the polymer and the LNC supramo-
lecular structure, decreasing the anti-tumor activity of AcE-LNC. These results imply
the relevance of nanocapsule supramolecular structure to improve the passive tar-
geting and cancer cells endocytosis, increasing the anti-melanoma therapeutic effect
(Drewes et al., 2016). In another study, PLA nanoparticles containing ursolic acid (UA)
were able to maintain the drug anti-melanoma activity in B16F10 cells, reducing the
cell viability in 70%, and decrease the drug toxicity effects over normal cells (Anténio
et al., 2017).

Another example of structurally simple and biocompatible polymeric nanocar-
riers are micellar nanoparticles, nanoscopic core/shell structures formed by amphiphi-

lic block copolymers that can carrier both hydrophobic and hydrophilic drugs (Croy
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& Kwon, 2006). Micellar nanoparticles were tested in B16 melanoma tumor models to
enhanced drug accumulation by EPR effect. Self-crosslinkable and intracellularly de-
crosslinkable micellar nanoparticles containing doxorubicin (DOX-SCID-Ms) showed
low systemic toxicity and ability to suppress tumor growth and prolong survival in
malignant B16 melanoma-bearing C57BL/6 mice, in a dose-dependent manner when
compared to free DOX HCI (Zou et al., 2016). On the other hand, polymeric hybrid
micelles (PHMs) and their potential to co-deliver small anti-cancer molecules and nu-
cleic acid has recently been reported. PHMs with different surface charges, varying
from neutral to cationic, containing micro-RNA-34a (miR-34a), a well-defined tumor
suppressor, and Hedgehog (Hh) pathway inhibitor vismodegib (VIS), were evalua-
ted as target therapeutic agent for CSCs elimination. This study observed that neutral
PHMSs compared to cationic ones have the capability to overcome systemic biological
barriers and improve the stability in blood circulation. Besides, the co-encapsulation
of miR-34a and VIS into neutral PHMs showed a synergistic anti-cancer efficacy in in
vivo B16F10-CD44" melanoma model, presenting a higher tumor inhibition rate (80%)
compared to PHM containing VIS (51.5%) or miR-34a (65%). These cells displayed
CSC characteristics and tumorigenic ability compared to B16F10-CD44 cells (Shi et al.,
2014; Li et al., 2015).

Among the molecules that act as positive regulators of angiogenesis, the VEGF
and TGEF-p are the most investigated targets to anti-cancer therapy, in general (Otrock
et al., 2007; Luo et al., 2016). Pittella and collegues (2012) demonstrated through the
administration of VEGF siRNA in calcium phosphate/charge-conversional polymer
hybrid nanoparticles in vivo that silencing of VEGF gene expression could importantly
inhibit tumor growth up to 68% in subcutaneous pancreatic tumor models. In an ad-
vanced in vivo melanoma model, Xu and collegues (2014) demonstrated that a nano-
particle-delivered TGF-p can augment the efficacy of a vaccine based in lipid nanopar-
ticles functionalized with mannose loaded with tumor antigens and inhibited tumor
growth by 52% compared with vaccine treatment alone.

The use of PI3K inhibitors as antiangiogenic agents is has also been explored as a
promising strategy to induce cancer cell apoptosis and inhibit cell proliferation. Har-
fouche and collegues (2009) reported that PLGA nanoparticles containing a selective
PI3K inhibitor can inhibit both melanoma and breast cancer cells induced angiogene-
sis in zebrafish tumor xenograft model. These approaches provide promising platfor-

ms for anti-angiogenesis therapy and indirectly eradicate m-CSCs.
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STIMULI RESPONSIVE NANOPARTICLES FOR MELANOMA
TARGETING

A promising targeting strategy for theranostic approach to melanoma is the de-
velopment of nanoparticles that can be activated by different external stimuli, such
as magnetism, photo-irradiation and temperature, or internal stimuli from the tumor
microenvironment, such as extracellular and endosomal pH (Navarro et al., 2013;
Cyphert et al., 2017). The fast activity, poor lymphatic drainage and their inefficient
blood irrigation, tumor growth is carried out through hypoxia, anaerobic metabolism
and acidosis conditions (Alimoradi et al., 2016). Therefore, tumor microenvironment
can be significantly acid, with pH values ranged from 6.0 to 7.0 compared with normal
pH tissue of 7.4 (Danhier et al., 2010). Throw the spotlight of tumor pH, nanoparticles
with pH-sensitive biomaterials are currently formulated for drug delivery therapy.
Those stimuli-responsive nanoparticles after passive accumulation at tumor site by
EPR effect can release the drug near or in-situ to the target by either the degradation of
the nanoparticle itself or degradation of nanoparticle’s shell. The drug can be loaded
either by covalent bonds to the bio-sensitive material or encapsulated into the nano-

particle’s core (Ding et al., 2013).

The development of pH-sensitive polymeric nanoparticles has been intensively
studied in recent years, specially to improve DOX intracellular and nuclei delivery.
An ideal nano-delivery system for DOX require a dual pH-sensitivity nanoparticle,
firstly to overcome the extracellular barrier of pH gradients in tumor microenviron-
ment and secondly to overcome the increased acidity in intracellular compartments,
such as endosomes (pH~5.0) and subsequently release DOX from nanocarriers (Xiong
et al., 2010). The design of new optimized pH-sensitive drug delivery system for DOX
can be a promising strategy to surpass the m-CSCs multidrug resistance mechanisms
since the major chemotherapy obstacle is the inefficient and unspecific cellular uptake.
Talelli and collegues (2010) developed a DOX-loaded core-crosslinked polymeric mi-
celles, composed by thermosensitive block copolymer covalently bounded to DOX. In
the in vitro cytotoxicity assay in melanoma cells the DOX micelles were less effective
than free DOX, probably due to slower uptake of the polymeric micelles. However, in
mice bearing B16F10 melanoma model this polymeric nanocarrier showed a signifi-
cant decrease in the tumor growth rate than free DOX. These results indicate a better
tumor accumulation, through the EPR effect, of polymeric micelles instead free drug.
In the same way, Du and collegues (2011) developed a dual pH-sensitive polymeric
nanoparticle and reported an enhanced anti-cancer efficiency and intracellular deli-
very in in vitro model of SK-3rd drug-resistant CSCs. These pH-sensitive nanoparti-
cles demonstrated a higher internalization rate and cytoplasmic distribution at pH 6.8
than at pH 7.4 and a higher release rate at pH 5 (75%) than at pH 6.8 (25.5%). In most
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recent study, a pH-responsive polymeric nanoparticle based-amphiphilic copolymer
of low molecular weight heparin conjugated with doxorubicin (LH-DOX) significantly
increased tumor growth inhibition (1.5-fold) compared to free DOX-treated group in
mice bearing a BI6F10 tumors (Mei et al., 2016).

Another type of stimuli responsive multifunctional nanoparticles for theranostic
of malignant melanoma are based on photothermal therapy (PTT) and photodynamic
therapy (PDT). These methods to intercept and kill skin cancer cells are based on na-
noparticle light-heat conversion ability or singlet oxygen generation using the near-
-infrared (NIR) as the light source (Lv ef al., 2015). As demonstrated by Navarro and
collegues (2013), gold nanoparticles functionalized with luminescent block copoly-
mers, labeled with dibromobenzene based chromophore, are efficient nanocarries for
fluorescent imaging and PDT. These nanoparticles increased the local concentration of
photosensitizer molecules, improving photoinduced cell death in B16F10 melanoma
cells. In another study, PTT using PEGylated gold nanorods and NIR showed a signifi-
cant reduction in tumor volume of approximately 80% compared to the control (saline
+ NIR light) and increase animal survival in a mouse melanoma model when compa-
red to control groups (Popp et al., 2014). Another theranostic nanoparticle, made by
surface attachment of a new indocyanine green dye (IR820) to magnetic iron oxide
nanoparticles coated with chitosan, showing an excellent magnetic resonance imaging
(MRI) capability when compared to IR820 and functioned as a PDT against A375 me-
lanoma cells with the increase of nanoparticles concentration (16pg/mL) (Hou et al.,
2016). The PDT was also recently employed by Ogawara and collegues (2016). In this
research, polymeric nanoparticles composed by poly (ethylene glycol) (PEG) and PLA
block copolymer, encapsulating hydrophobic porphyrin derivative, showed a signifi-
cant in vitro phototoxicity in BI6BL6 melanoma cells.

ARCHITECTURAL PROPERTIES OF NANOPARTICLES IN PASSIVE
TARGETING

In order to take benefit of tumor microenvironment and the EPR effect, certain
characteristics of nanoparticles should be evaluated, specifically the size, surface char-
ge, shape and stealth. As explained by Matsumura and collegues (1987), small mole-
cules or particles are not influenced by EPR effect. Among their results, the authors
described that small molecules under 30 kDa do not exhibit EPR effect (Maeda, 2012;
Upponi et al., 2014). Therefore, macromolecules above 40 kDa or 10-200 nm in size tend
to accumulate more effectively in the tumor site rather than small molecules of 3 to 12
kDa or 2 to 3 nm in size (Upponi et al., 2014; Zhong et al., 2014).

Nevertheless, recently researches also emphasizes that nanoparticles ranged be-
tween 10 to 40 nm present a better pharmacokinetic and immunological profile when
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compared to larger nanoparticles, specially because they are larger enough to prevent
quickly renal excretion and sufficiently small to allow the EPR effect and penetrate

through the dense cellular extracellular matrix (Kunjachan et al., 2014; Hou et al., 2016).

The EPR-mediate passive effect of a ~ 10 nm prototypic polymeric nanocarrier
based on poly(N-(2-hydroxypropyl) methacrylamide) (p-HPMA) were evaluated in
highly and poorly leaky tumor models and also compared with Arg-Gly-Asp (RGD)
and (Asn-Gly-Arg) NGR-mediated active targeting. Study findings lead to conclude
that for the tested ~ 10 nm prototypic nanocarriers the passive targeting was signifi-
cantly more effective than active tumor targeting utilizing integrin-ligand peptides in
both mice bearing tumor models (Kunjachan et al., 2014).

Regarding to surface charge of nanoparticles to anti-cancer drug delivery, neu-
tral nanocarriers could exhibit a better tumor accumulation and consequently a favo-
rable in vivo behavior (Gabizon & Papahadjopoulos, 1992; Ogawara et al., 2016). Con-
sidering the factors described above, the modulation of nanoparticle’s geometry can
also enhance their tumor accumulation by passive targeting and consequently their
applications as drug delivery (Ponchel & Cauchois, 2016). Van De Ven and collegues
(2012) evaluated the tumor accumulation of silicon nanoparticles with different shapes
and sizes, plateloid (600 x 200nm and 1000x400 nm) and cylindroid (1500%200 nm).
They observed that larger plateloid nano-sized particles had the higher accumulation
efficiency (5% of the dose per gram organ) in tumors in a melanoma mice model, pro-
bably because of the large surface area of the nanoparticle that favors their interaction

and adherence to tumoral microvasculature.

Another critical parameter in nanoparticle’s properties is their capacity to avoid
immune elimination. The formation of protein corona or the recognition by the com-
plement complex, lead to a rapid clearance by the kupffer cells in the liver and macro-
phages in the spleen as a part of the reticuloendothelial (RES) system, limiting the cir-
culation half-life (Bazak et al., 2014; Upponi et al., 2014; Fornaguera et al., 2015). Thus,
the longevity of nanoparticles in the blood circulation is a critical parameter for passive
targeting. Grafted polymers on nanoparticle’s surface can enhance this property and
the most world-wide polymer used to this aim is the PEG. In addition, this polymer
exhibit a steric stabilization effect by its protective hydrophilic layer once its exhibit in

nanoparticle’s surface (Veronese & Pasut, 2005; Romberg et al., 2008).

ACTIVE TUMOR-TARGETING OF DRUG LOADED
NANOPARTICLES

The passive EPR-mediated targeting presents some drawbacks to nanotechnolo-

gy applications specially related to the large differences between the tumors types and
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the inter- and intra-individual variability of the pathophysiological states (Kunjachan
et al., 2014). On the other hand, the active targeting is based on specific cancer cells mo-
lecules exclusively or overexpressed on the cell surface or subcellular compartments,
as well as on the other cells of tumor microenvironment, such as the endothelial cells
of microvasculature (Bazak et al., 2014). Generally, the targeting moieties most utilized
to build site-specific nanoparticles for cancer treatment are the antibodies, antibodies
fragments, aptamers, peptides, nucleic acid-based ligands, carbohydrates and small
molecules as folic acid (Bertrand et al., 2014; Zhong et al., 2014). The ligand-modified
tumor-targeted nanoparticles aims to increase the receptor-mediated endocytosis im-
proving the specificity, retention and accumulation of drug nanocarriers into tumor
site, leading to an increase in therapeutic efficacy and a decrease in off-target effects
(Arranja et al., 2017).

ACTIVE TARGETING OF MELANOMA CANCER CELLS

Regarding cancer cells active targeting, a largely described and well explored
molecule to target hyaluronan receptors (CD44), also overexpressed in m-CSC linea-
ges, is the polysaccharide hyaluronic acid (HA). This polysaccharide, biocompatible
and biodegradable, has a wide potential to be utilized to construct multifunctional
nanoparticles to cancer diagnosis and therapy. DOX loaded HA-ceramide based nano-
particles were investigated for in vitro cellular uptake ability and antitumor effect into
B16F10 tumor-bearing mouse model and demonstrated a receptor-mediated endocy-

tosis and significant tumor growth inhibition (Jin et al., 2012).

Gene-specific therapeutic approach based on polymeric nanoparticle for deli-
very of siRNA, has been tested in clinical trials for advanced melanoma treatment.
A cyclodextrin-based polymeric nanoparticles, displaying target transferrin protein
on their surface, were evaluated in phase I clinical trial according to the specificity
and capacity to improve the intracellular delivery of siRNA to melanoma tissue. This
study observed a significant reduction in the expression of the enzyme ribonucleoti-
de reductase, as well as a dose-dependent accumulation of targeted nanoparticles in
melanoma tumors (Davis et al., 2010). Nevertheless, the same research group reported
that after one-year treatment, severe adverse effects occurred and 21% of the patients
discontinued the treatment. These adverse events were attributed to the instabilities
in the nanoparticles formulation (Zuckerman & Davis, 2015). Recently, an innovative
pH-responsive nanocarrier using a lactoferrin as a matrix for the preparation of nano-
particles containing 5-fluorouracil was evaluated in B16 melanoma cells. The intrace-
llular delivery of fluorouracil demonstrated to be pH dependent and the in vitro tests
showed a receptor-mediated endocytosis and consequently a higher cytotoxic activity
related to free fluorouracil (Kumari & Kondapi, 2016).
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Otherwise, the development of active targeting nanoparticulate vaccines for me-
lanoma prophylactic and therapeutic purposes was demonstrated for Silva and colle-
gues (2015). In this study, PLGA polymeric nanoparticles coated with mannose for
co-delivery of melanoma-associated antigens (Mart-1 and gp100) and toll-like receptor
ligands (immunopotentiators) were developed. These nanoparticles, tested in vivo in
murine B16F10 melanoma tumors, demonstrated a synergistic effect of immunopoten-
tiators to induce a long lasting Th1 immune response; and the combination of toll-like
receptor ligands with melanoma antigens potentiate the anti-tumor immune response,
activating both CD4* and CD8* T-cells in the efficacy of the anti-tumor immune res-

ponse.

A novel drug-delivery strategy for active targeting of cancer cells is based on
the rational design of immune cells, especially macrophages, to carry nanoparticles to
tumors (Choi et al., 2012). Recently, Xie and coworkers (2017) developed a theranostic
drug delivery system consisted of macrophages carrying photoluminescent polyme-
ric nanoparticles loaded with anti-BRAF specific drug. The macrophages carrying the
nanoparticles were able to effective deliver drugs to melanoma cells throught cell-cell
specific active binding.

The active targeting of CTCs/CMCs by functionalized nanoparticles for diag-
nosis, treatment, and post-therapeutic follow-up, is until an under-exploited strategy
and remains a great challenge in nanotechnology. The main challenges involved in
CTCs/CMCs targeting by nanomedicines are the rarity of these cells in peripheral
blood, their short circulation time and their heterogeneous subpopulation, that can
present different phenotypes and could express epithelial (non-CSCs) or/and CSCs
biomarkers (Li et al., 2015). Nevertheless, some alternatives can be used to surpass
these drawbacks and intercept the CTCs/CMCs in blood flow, such as the design
of multifunctional nanoparticles with different ligands to target both epithelial and
mesenchymal biomarkers on the CMCs surface. However, until this present study,
CellSearch® system is the only platform approved by FDA for CTCs screening/diag-
nostics. However, as this technique is based on EpCAM expression on the surface
of cancer cells, their application to other EpCAM negative cancers, as melanoma, is
limited. In view of methodologic limitations for CMCs detection in blood, Seenivasan
and collegues (2015) developed an electrochemical immunosensing system composed
by silica nanoparticles functionalized with MCR1 antibody. The detection limit of this
nanocarrier was 20 cells/mL for melanoma cells in peripheral blood of patients. Most
recent, Li and coworkers (2017), developed a colorimetric nanoplataform capable of
successfully detect CMCs (13 cells/mL) by bifunctional magnetic nanoparticles, which
combined magnetic separation properties with nanozymes. In this study, the CMCs

were first detected and isolated by magnetic nanoparticles functionalized with mela-
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noma-associated chondroitin sulfate proteoglycan and only the CMCs bound to mag-
netic nanoparticles presented a catalytic ability to generate a blue oxidation product
for colorimetric evaluation.

The assessment of cancer signaling pathways to perform molecular tumor profile
is also very important for appropriate treatment choices and post-therapy follow-up.
The micro-nuclear magnetic resonance (1NMR) is one of the methods available for
this approach. The CMCs expression of melanocyte biomarkers, such as MART-1, and
MAP kinase signaling molecules were assessed by tNMR through an iron oxide na-
noparticle conjugation with specific antibodies. The results of this research appointed
a correlation between the CMCs biomarkers expression levels and metastatic burden
(Gee et al., 2016).

ACTIVE TARGETING OF TUMOR ENDOTHELIUM

The synthetic peptide Arg-Gly-Asp (RGD) sequence is one of the most common
targeting ligand used in nanoparticles for active targeting of tumor endothelium (Park
et al., 2004; Singh et al., 2009; Choi et al., 2017). This target moiety can strongly bind
to a B,and a P, integrin receptors, generally overexpressed in different cancer types,
such as prostate carcinoma, breast cancer and melanoma, as well as in endothelial cells
of tumor vasculature, specially during tumor progression and metastasis (Contois et
al., 2015; Guan et al., 2014a; Guan et al., 2014b; Amin et al., 2015; He et al., 2015). The
vasculature tumor targeting has been employed as a promising approach to comple-
ment the EPR effect-mediated passive targeting, directly facilitating the nanoparticle

internalization into tumor cells, after their extravasation through the microvasculature
(Bertrand et al., 2014; Amin et al., 2015).

The development of active targeting nanoparticles to overcome chemotherapy
resistance of melanoma cancers has been widely investigated in last decade. As pre-
viously discussed, the use of nanotechnology can improve the therapeutic efficacy of
classic chemotherapeutic agents that have a limited clinical application due to their
poor pharmacokinetic properties, high toxicity to normal cells and acquired drug re-
sistance. In a study conducted in B16F10 melanoma cell line, pH sensitive and site-s-
pecific nanoparticles composed of RGD-linked copolymer, encapsulating epirubicin,
demonstrated a pH sensitive drug controlled release and a selective cellular uptake.
This nanoparticle presented a significant increased anti-tumor activity in vivo and a
lower systemic toxicity compared with free drug (Guan et al., 2014c). Zou and colle-
gues (2016) developed self crosslinkable and intracellularly decrosslinkable biodegra-
dable micellar nanoparticles containing DOX (DOX-SCID-Ms) for passive targeting
and active targeting. In active targeting purpose, they compared RGD-decorated DO-
X-SCID-Ms with pegylated liposomal doxorubicin (DOX-LPs). The in vivo results per-
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formed in malignant B16 melanoma model demonstrated a 3-fold higher drug tumor
accumulation, low systemic toxicity, and a markedly improved survival rate for RG-
D-decorated DOX-SCID-Ms.

Another example of ligand for tumor vasculature is the anti-VEGF (bevacizu-
mab) that can be conjugated on nanoparticle’s surface to promote active targeting.
A phase II clinical assessment of nanoparticle albumin-bound paclitaxel (Nab-PTX)
combinated with bevacizumab treatment, concluded that this combination therapy
significantly improved the clinical efficacy of PTX and increased the progression-free
survival rate and the overall survival rate of patients with unresectable metastatic me-
lanoma (Spitler et al., 2015). Most recently, Nab-PTX non-covalently conjugated with
bevacizumab significantly improve the biodistribution of paclitaxel into tumor tissue
and enhanced tumor regression compared to Nab-PTX in in vivo human melanoma
xenograft model (A375) (Nevala et al., 2016).

Despite of promising results of targeting tumor microvasculature through re-
ceptor-ligand interaction, care should be taken to nonspecific targeting drug delivery,
once integrin and VEGF receptors are widespread in normal or inflamed tissues (Sun
et al., 2015). Paradoxically, the use of RGD-based peptides can accelerate tumor pro-
gression in mouse B16F0 melanoma and in Lewis lung carcinoma tumor grafts by in-
ducing endothelial migration (Reynolds et al., 2009). To overcome this problem, Redko
and collegues (2016) recently developed non-RGD cyclic a 8, peptide conjugated with
Camptothecin for targeted drug delivery and reported a specific and strong binding
affinity both in vitro and in vivo in a xenograft human metastatic melanoma model,

improving the anti-tumor activity and reducing the off-targeted toxicity.

Besides integrins and VEGF receptors, melanoma-associated chondroitin sulfate
proteoglycan (NG2), also strongly expressed in tumor vascular pericytes, have been
emerging as a new target for antiangiogenic therapy. The efficacy of nanoparticles for
DTX delivery conjugated with TH10 peptide to target NG2 receptors in tumor vascu-
lature were investigated in mice bearing B16F10-luc-G5 melanoma experimental lung
metastasis. The NG2-binding peptide TH10 promoted a specific mediated endocytosis
of nanoparticles in tumor pericytes and significantly increased the mice survival, with
low toxicity related (Guan et al., 2014a).

ARCHITECTURAL PROPERTIES OF NANOPARTICLES IN ACTIVE
TARGETING

The surface modification of nanoparticles through the conjugation of target li-
gands, such as peptides and antibodies, could directly affect the in vivo performance

of these surface modified nanocarriers. The main nanoparticle characteristics that can
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influence the targeted cancer chemotherapy are the size, shape, surface charge and
ligands density (Bertrand et al., 2014).

The architectural properties of nanoparticles can determine their biodistribution,
bioavailability, endocytosis pathway and diffusion mobility within the cytoplasm
(Chou et al., 2011; Elsabahy & Wooley, 2012). Generally, according to the biological
application of nanoparticle, the size could vary from 4 to 250 nm (Zhong et al., 2014).
The varied sizes can strongly dictate the pharmacokinetics and pharmacological beha-
vior of the nanoparticles. All biological barriers have an average pore size range that
delimits the diffusion of macromolecules and nanocarriers. In the vasculature of the
mammalians, for example, particles with size below 5 nm can across the healthy en-
dothelium to extracellular space; in case of tumor vasculature, leakier than normal en-
dothelium, the pore size can be until 200 nm. At a cellular level, the size of endosomes
can range from 60 to 120 nm, depending on the pathophysiological conditions, the en-
docytosis mechanisms and the nanoparticle physicochemical characteristics (Elsabahy
& Wooley, 2012). The size influence of copolymeric nanoparticles consisted of natural
polysaccharide hyaluronan (target CD44 receptors) and poly(y-benzyl-L-glutamate)
(PBLG) in active targeting were studied in in vivo lung cancer models. Nanoparticles
with two different sizes were tested and the 30 nm nanoparticles demonstrated a more
efficiently cellular uptake and a preferential active targeting of CD44" tumors when
compared with the 300 nm nanoparticles after intravenous administration (Jeannot et
al., 2016).

Another important characteristic that must be considered during nanoparticle
design is the shape. Modifications in this parameter can modulate the drug solubili-
zation capacity, immunogenicity, blood circulation time, toxicity and cell uptake (EI-
sabahy & Wooley, 2012; Bertrand et al., 2014; Zhong et al., 2014). Gratton and colla-
borators (2008), studied the shape effect of nanoparticles upper to 100 nm on cellular
internalization by using HeLa cells. In this study, the rod-like particles, with high as-
pect ratios (ARs= 3; diameter = 150 nm, height = 450 nm), presented a higher uptake
and consequently a higher in vitro cytotoxicity compared to more symmetric nanopar-
ticles, such as spheres (diameter = 200 nm, height = 200 nm), in nonphagocytic cells. In
the same way, Huang and collaborators (2010) studied the influence of various shaped
mesoporous silica nanoparticles with different aspect ratios (ARs 1, 2, 4) in cell uptake
of melanoma cell lineage A375 and concluded that the more elongated particles had

higher non-specific uptake and faster internalization rates.

Regarding to CTCs/CMCs targeting, the nanoparticles shape can influence on
their blood trafficking and the hemodynamic forces can affect the nanoparticle interac-
tions with CTCs/CMCs and endothelial cells. It has been demonstrated that rod-like
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nanoparticles could improve the margination onto the endothelium and the circula-
tion time, potentiating the assessment of CTCs/CMCs into blood flow. These results
can be explained probably due to larger surface areas of elongated nanoparticles whi-
ch facilitates particle-cell and particle-vessel wall collisions and interactions. It is hypo-
thesized that ligands coupled to the oblong nanoparticles can interact more efficiently
with cell surface receptors, enhancing the number of specific bindings when compared
with ligands attached to spherical particles, mainly due to the different surface areas in
x and y axes (Albanese et al., 2012; Toy et al., 2014; Ponchel & Cauchois, 2016).

The number of ligands attached to the nanoparticle surface over a specific shape
can directly affect their affinity and avidity by the bind target receptors at cell surface,
as well as the membrane wrapping around the nanoparticle. The strength of ligan-
d-coated nanoparticles and target cells interactions is analyzed as the avidity of the
entire nanocarrier (Albanese et al., 2012). In general, an increase in ligands density on
the surface of nanoparticles can lead to an increase in the target avidity and cellular
internalization, nevertheless this correlation is not always linear and could have nega-
tive effects on cells interactions (Bertrand et al., 2014). Related to the nanoparticles sur-
face charge, it has been demonstrated that higher positively particles tend to be more
internalized when compared to more negatively ones in a non-specific way (Gratton
et al., 2008; Albanese et al., 2012). This effect can be explained by the slightly negative
charge of cells membrane which can attract by electrostatic force the positively nano-
particles, improving the cellular uptake. Nonetheless, an excess of positively charges is
not recommended due to possible toxic and immunological effects (Elsabahy & Woo-
ley, 2012). The surface charge can be optimized by changing nanoparticle materials
and ligands density. For more reliable results, the effect of surface charge should be
considering the tumor type and treatment arrangements, as well as the nanoparticles
interactions with plasma and extracellular matrix. The plasma proteins could bind to
nanoparticles surface and form a protein corona that can affect the particle-cell interac-
tions (Monopoli et al., 2011).

In summary, it is essential to counterbalance the multiple physicochemical cha-
racteristics of nanoparticles, specially the size, shape, surface charge and ligands den-
sity, to improve the efficacy of these nanocarriers in vivo, according to the desired
targets, for example, CMCs or m-CSCs. Besides, an ideal nanomedicine could also be
designing to reach distinct types of tumorigenic cells at the same time using specific
ligands that could target multiple cell types. Finally, according to the discussed stu-
dies, Figure 6 resumes the main used types of polymeric nanoparticles and the suitable

physicochemical characteristics of these nanocarriers for targeting to CMC/m-CSC.
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Figure 6 - Types of nanoparticles for metastatic melanoma treatment and suitable properties for the
targeting of melanoma cells.
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he melanoma treatment with cytotoxic agents is difficult, specially due to the

lack of drug specificity and multiple resistance mechanisms of cancer cells.
Moreover, an ideal approach to prevent melanoma metastasis progression is the era-
dication of m-CSCs and CMCs presented in tumor site or in blood circulation. In this
way, nanomedicines for specific recognition of these cells are still sparse and demand
more attention from the scientific community. For targeting purpose, more accurately
researches should be performed to detect and characterize more specific biomarkers
present in m-CSCs and CMCs and to elucidate the signaling pathways involved in
their maintenance and survival. Several studies point out that the polymeric nano-
particles are ideal platforms for the future tailoring and optimization of their surface
physicochemical properties according to the pathophysiological peculiarities of each
cancer. It is clear that architectural properties of nanoparticles can influence passive
and active targeting of melanoma cells in vitro and in vivo. This book presented and
discussed the current status of m-CSCs and CMCs biomarkers as potential targets for
melanoma treatment using nanotechnological approaches. In conclusion, this book hi-
ghlighted the challenging aspects of metastatic melanoma treatment and could guide
future research to design polymeric nanoparticles that aiming to improve the clinical

prognosis of this skin cancer.

Sarah Brandao Paldcio, An Young Sarahi Taylor Castillo, Francisco Humberto Xavier Junior, Isabella Macdrio Ferro Cavalcanti
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