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Abstract

Cutaneous malignant melanoma (CMM) is an aggressiaikgnancy whose
incidence andnortality has increased worldwide. CMM is the mostmon
cause of death from skin cancaiNide surgical excision of early stage
melanoma remains the main curative treatment. \dotable advanced
melanoma presents an aggressive behawendency to rapidly metastasize and
an intrinsic resistance to chemotherapy. The anigeted therapy approved for
melanoma is vemurafenib, a small molecule targeBiR@\F particularly when
affected by common mutations in the nucleotidesdimg for the aminoacid
V600. These evidences suggest that novel therapeptions for advanced
CMM are still required. Melanocytes derive from raucrest cells and
melanoma cells can express somatostatin rece@&BRs) suggesting that at
least a subgroup of melanomas could have a neusoend differentiation.
The role of somatostatin (SST) pathway in CMM hasrbscantly investigated.
The aim of this project was to evaluate SSTRs esgioa and to define the
effects of SST analogs in relation to SSTR protexpression inin vitro
models of CMM, exploring the role of SST pathwayaagotential therapeutic
target in human CMM. With this propose four cutamemelanoma cell lines:
A375, HMCB, COLO38 and M14 were usediass/itro models of CMM. The
expression of SSTRs was evaluated by retro trgitase quantitative
polymerase chain reaction (RT-gPCR) and immunokéoasty (ICC) in all
four cell lines. Thein vitro effects of daily administration of SST analogs
pasireotide and octreotide and tHEBRAF inhibitor vemurafenib on cell
viability, proliferation and cell cycle were invegted by 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium (M) Tassay, DNA assay and
fluorescence-activated cell sorting (FACS), respebt. Additionally thein
vitro effects of daily administration of pasireotide @ombination with
vemurafenib, on cell viability, proliferation aneltcycle were investigated in
two of the four cell lines (A375 and M14) that ried sensitive to the effects
of pasireotide. All tested melanoma cell lines esgr SSTR mRNA and
proteins. At mRNA level, SSTR2 was the most exmédseceptor followed by
SSTR1, SSTR3 and SSTR5. The protein expressiorS®R3 was strong in
A375, COLO38, M14 and moderate for HMCB; proteimpmssion of SSTR2
was mild for A375 and COLO38, moderate for COLO®8 atrong for M14;
protein expression of SSTR5 was strong for A375 Btidl, moderate for
HMCB and mild for COLO38. The expression of SSTRsIGC showed a
predominant cytoplasmic localization in all melaroncell lines used.
Moreover, a perinucear staining for SSTR2 in COL®@8MBs and for SSTR5 in
HMCB and COLO38 cells was observed. Pasireotideifstgntly inhibited in
a dose dependent-manner viability in A375 and Mldamoma cell lines
(maximal effects observed at dose of 0 41% p<0.01 and 44% p<0.00%
control, respectively). Octreotide significantlyhibited cell viability only in
A375 cells (maximal effects observed at dose 6fM054.15% p<0.001vs
control). Vemurafenib significantly inhibited A3%®lIl viability in a dose and
time-dependent manner (maximal effects observetbsg of 10M: 82.89%,
p< 0.001 vs control). Pasireotide, and vemurafenib but notremttde
significantly inhibited cell proliferation in A37&maximal effects observed at
dose of 10M: 20.57% and 21% p<0.05vs control, with pasireotide and
8



vemurafenib respectively; kg 3*10°M and 2.6*10°M, respectively) and
M14 cells (maximal effects observed at dose ofM020.57% and 21%
p<0.05 vscontrol, with pasireotide and vemurafenib respety; 1Cso 3.8*10
%M and 1.228*10M, respectively). Combined treatment with vemuré#feand
pasireotide had additive inhibitory effects in A3dbly on cell viability
(maximal effects observed at dose of vemurafenifVL8 pasireotide 18M:
41.79% p>0.00Ws control). The antiproliferative effects of pasitie were
observed only in cell lines presenting a strong BSTprotein expression
(A375 and M14), suggesting that this pattern of B®fotein expression could
be predictive of response to this drug in CMM. Pnelary results of the
FACS analysis suggest that the antiploferativectdfef pasireotide in A375
and M14 could at least in part depend by an inioibitof cell cycle.
Preliminary results of western blotting experimemsploring the subcellular
localization of SSTR2 and 5 in basal condition aafter pasireotide or
octreotide, suggest that the different traffickofgSSTR2 and 5 might explain
the stronger antiproliferative effects observedhwpiasireotide compared to
octreotide in these two melanoma cell lines. Inabasion this study firstly
described the protein expression of SSTRs and stegjethat the
antiproliferative effects of pasireotide in humartameous melanoma cell lines
could be related to a particular pattern of SST&gin expression. This study
has a potential translational value since the esgpoa of SSTRs might indicate
the potential use of SST analogs, radio-labeled &8dlogs, SST analogs
conjugate with chemotherapic agents and SSTR grapiny in the
management of a subset of patients with CMM. Thigl\s encourages further
studies to better define the role of SST pathwagiagnosis, prognosis and as
potential target for treatment in human CMM.



Introduction

Cutaneous Malignant Melanoma (CMM) is a potentiddthal form of skin
cancer, which results from the malignant transfdaiomaof melanocytes, which
are the pigment-producing cells responsible for abur of skin. Although
the key triggers leading to malignant transformmatod melanocytes have yet to
be elucidated, they are multifactorial and includé radiation damage and
genetic susceptibility. CMM, accounting for 3 tgércent of all skin cancers,
is responsible for approximately 75 percent ofddhths from skin cancers
(Sladden MJet al 2009, American Cancer Society. 2011). Worldwitie
incidence of melanoma continues to rise. The medarvival time for
melanoma patients with metastatic disease is 8-@itmp and the 3-year-
survival rate is less than 15 percent (Balch G¥lal 2009). Treatment of
CMM is still a challenge. Conventional chemotheragith dacarbazine
(DITC) alone is associated with an objective resgornate of, at most, 15
percent; moreover, nearly all of these responsespartial. Immune-based
therapies, such as Interferanand Inerteleukin-2, have yielded comparable
response rates, but they are associated with mtaese toxicities and no clear
impact on overall survival (OS) for metastatic nmeliaa patients (Lui Ret al
2007, Eggermont AMet al 2009). Over the last decade, significant advances
have been made in the understanding of genetiogelsathat drive melanoma
development and progression, leading to the awaion of ipilimumab, a
monoclonal antibody targeting citotoxic T-lymphoestassociated antigen 4,
and vemurafenib, 8RAF inhibitor used in patients whose tumors contain a
V600 mutation inBRAF gene. Results of the BRIM-3 phase Il clinicablkri
showed a response rate of 48% and 5% with vemubafand DITC,
respectively, in previously untreated patients witetastatic melanoma
harbouring V60OE mutation. At 6 months, overallvéual was 84% in the
vemurafenib group and 64% in the DITC group. A ghdi$ clinical trial
reported a median overall survival of 10.0 monthslag patients receiving
ipilimumab as compared with 6.4 months among ptieaceiving placebo
(Hodi FS. et al2010). Despite these encouraging data, severeitpxand
resistance occur after treatment with these comg®urntherefore, new
treatments for CMM are still required. An alternatitargeted approach in the
management of malignancies is the use of analogfoomones, whose
receptors are expressed on tumors and might irduammor cell proliferation
(Schally AV and Nagy A. 1999, 2004, Schally AV. 3)0Among them, an
attractive target for treatment of melanoma ancemotiypes of cancers are
somatostatin receptors (SSTRs). Somatostatin (SS$ibws a pleiotropic
inhibitory effect on cell proliferation and angiogssis (Ferjoux Get al. 2000,
Dasgupta P. 2004, Hejna Mt al 2002). Consequently, SST synthetic long-
acting analogs have been developed and are cyrigsed in management of
neuroendocrine tumors (Woltering EA. 1997, PollalN Mnd Schally AV.
1998). The expression of SSTRs on CMM and otheranmghas has been
hypothesized since the 1995, taking into accoumn#ural crest origin of such
tumors (Williams S.et al 1997). Therefore in chemoresistant melanoma
acquiring neuroendocrine phenotype SST analogs tmigipresent an
alternative treatment. However, the role of SSTlagsmin CMM is still
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controversial. SST and its analogs effects are atediby different G-protein
coupled receptors (GPCRs) that are differently esged on normal and
pathologic tissues. Activation of SSTRs leads féedknt signalling processes
through intracellular pathways including Ras/Raf/RKA (mitogen-activated
protein kinase) pathway that is classically asgediao cell survival and
proliferation. This pathway seems to be critical diocogenic signalling in
melanoma as supported by the existence of drivaations in genes coding
for proteins belonging to this pathway.

1.1 Cutaneous Melanoma

Melanoma is a group of biologically distinct malagrties with heterogeneous
features including cell of origin, age of onsetiret distribution, clinical and
histologic characteristics, pattern of metastasid aetiology. Among risk
factors a causative role of UV radiation, predispgsgerm-line alterations,
mutational processes and patterns of somatic muatatiave been identified.
CMM arises from neoplastic transformation of skielamocytes. Neoplasms
are initiated by gain-of-function mutations in ogeaes, which lead to benign
melanocytic nevi which in turn, due to additionahgtic aberrations, progress
to malignant melanoma.

1.2 Epidemiology

The incidence of melanoma is continuing to increasddwide. Once a rare
cancer, the incidence of malignant melanoma sknteain most developed
countries has risen faster than any other canper $ince the mid-1950s (Hall
H et al 1999). CMM is the sixth most commonly diagnosadaer in the USA
in both genders (Jemal &t al 2006). It is estimated that the annual increase
in the incidence rate of melanoma has been appaigign3—7 percent per year
worldwide for Caucasians (Parkin Dt al. 2001). The estimated lifetime risk
of an American developing invasive melanoma is 59nand is projected to
rise to 1 in 50 by the year 2015 (Fig.1). About tBeropean melanoma
incidence and mortality, they present differencesvieen European countries,
possibly related to missed opportunities for eatiggnosis and incomplete
reporting of melanoma in Eastern Europe. The estichage-standardized
incidence of melanoma (measured per 100 000 psrsars) varies widely
from 19.2 in Switzerland to 2.2 in Greece calcdaby GLOBOCAN (the
standard set of worldwide estimates of cancer @mwieé and mortality
produced by the International Agency for ResearohGancer for 2008).
Melanoma mortality rates of 1.5 are similar in CEEentral and Eastern
Europe) and Western Europe, although rates vaty avhiigh of 3.2 in Norway
and a low of 0.9 in Greece (Forsea Adflal. 2012)

11
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Figure 1. US invasive melanoma lifetime risk

This increased incidence may be attributable ttebeind earlier detection of
melanomas and enhanced public awareness. Patightdegp primary tumors
or tumors that metastasize to regional lymph ndcezguently develop distant
metastases. Median survival after the onset ofdistnetastases is only 6-9
months, and the 5-year survival rate is less thaerent (Houghton AN and
Polsky D. 2002). An analysis of melanoma trendsti§ied by thickness, based
on the Surveillance, Epidemiology and End ResdEHR) registry data from
1988 to 2006, showed that all four thickness caieg&l, 1.01-2, 2.01-4 and
>4 mm) increased in incidence over the 19-yearyspatiod (Criscione VD
and Weinstock MA. 2010). Furthermore, Jewiahl reported that this increase
was different by gender; females had a greatereass in thin lesions (4.1
percent per year) than men, where the increase gvaatest in thick
melanomas (6.1 percent per year) (Jemaéthal 2001). Another analysis of
nine SEER registry databases (1975-2006) show¢a@gleaspecific melanoma
incidence rates were greater among women than mentp age 40 years at
diagnosis. In addition, melanomas on the trunk werere frequently
diagnosed in US men than women, although changeshavior and life style
lead to an increase of the incidence of melanomadlsa trunk in women over
the years (Bradford PEt al 2010).
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1.3 Melanoma risk factors

Risk factors for any malignancy can be subdividedo i genetic and
environmental with interaction between the two (Bjg The principal
established and also postulated risk factors foMCive:

Invasive cutaneous melanoma in one or more firgtaterelatives;
Previous personal primary invasive melanoma;
Multiple banal melanocytic naevi (>100);

Three or more clinically atypical (dysplastic) ngev
High solar exposure in early childhood (before &gk
Pale Caucasian skin;

Red or blond hair;

Past history of one or more severe blistering stmju
Higher socioeconomic group;

Past sunbed use, especially before age 30;
Occupation (airline crew);

Past pesticide exposure.

Approximately 5 percent of all invasive CMM occur a familial setting with
two or more close relatives affected. This obséowaindicates that, in a small
minority of melanoma patients, low prevalence/higbnetrance genes are
involved. In addition, the typical phenotype of tinelanoma patient, with pale
Caucasian skin, red or blond hair and blue eyedcates that high
prevalence/low penetrance genes may interact witiir@amental factors,
particularly with sun exposure.

UV exposure
Intermittent vs chronic
Geography — elevation and latitude

UVA vs UVB
MELANOMA
Genetic susceptibility
Phenotype L, Genome-wide association studies
Number of nevi Familial aggregation
Skin type Population-based case—control studies

Figure 2. The complex interaction of genetic and environmigiaiztors that concur to
melanoma development and progression.
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It has been demonstrated that around one-third adieqts in melanoma
families worldwide have an identifiable germline taion in CDKN2A, a
gene important in controlling entry into the celjcte. A wide range of
mutations has been reported in these families, wathcentration of specific
mutations in certain geographic areas, such aM#diterranean, Sweden and
Scotland, indicating the likely source of the foananutation (Pho Let al
2006). Functional studies on some of these mutati@ve indicated that they
are likely to be a significant causative factor nrelanoma development.
Nevertheless, in more than 50 percent of all fawsilwith pathologically
confirmed invasive CMM no putative responsible gbas yet been identified.
A number of research groups are currently activahgstigating these families
for new melanoma susceptibility genes. The prifcpgeenotypic risk factor
for melanoma is Caucasian pale-skinned patienthEumore, several studies
conducted in different countries like Australia (M¢man DC and Green AC.
2005), North America (Cho E, Rosner BA and Cold#. 2005) and Europe
(Swerdlow AJet al 1986) have all shown that a high count of banal
melanocytic naevi is a major risk factor for spacadnelanoma. Other
independent risk factor for sporadic melanomaéspitesence of large, atypical
naevi (dysplastic naevi). Sun exposure plays agmynand supporting role in
most melanoma tumors. There is evidence that ferftur main types of
CMM, the pattern of excess sunlight exposure wingcimost damaging varies
(Habif TPet al. 1996, Ivry GBet al , MacKie RM. 2006). In the environment
the ultraviolet (UV) irradiation present in sunlighs the most important
carcinogen for human skin (Matsumu Y and AnanthasywalN. 2004). The
molecular mechanisms responsible for the carcinogeffects of UV in
human skin are various and not fully understoodu(®i M et al 2007).
Currently, it is thought that the DNA damaging tgbuhe formation of dimeric
photoproducts and gene mutations, inflammatory, amchunosuppressive
properties of UVR all contribute to initiation, gnession, and metastasis of
primary melanoma (Garibyan L and Fisher DE. 2010)particular, UVB
carcinogenicity is ascribed to the ability of thisaveband to induce
promutagenic DNA lesions, primarily cis-syn cycltdme pyrimidine dimers
(CPDs) and pyrimidine(6-4) pyrimidone photoproduf-4)PPs) (Pfeifeet
al. 2005). Reactive oxygen species (ROS) overpramluanay stimulate
malignant transformation to melanoma. Photodim&RDs and (6-4)PPs can
induce single C-T or tandem CC-TT transition muiasi (Brashet al 1987,
Otoshiet al 2000, Pascucat al 1997, Wanget al. 1993), whereas oxidative
DNA damage can mainly produce various base subefigiand single-strand
breaks (Moriya. 1993, Shibutamt al 1991). Changes in ROS signaling
pathways play also important role in the damagictipa of UVA and UVB
irradiation on the skin. Several studies have algmnonstrated that the
sunburns are strongly related to the developmemeiénoma (J. M. Elwood
et al1985).
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1.4 Staging of cutaneous melanoma

Staging systems for melanoma continue to evolvewsunderstanding of
the complex biology of this disease improves. Tliicial guidelines for
staging melanoma were updated in 2009 by the Amerdoint Committee on
Cancer (AJCC) (Balch CM. 2009). This staging systatled TNM (tumor-
node-metastasis) is based on the followitige thickness of the tumor (the
thickness is described using the Breslow scale),etdr the tumor
is ulcerated (has broken the skin), whether theotunas spread to the lymph
nodes and if the lymph nodes are joined togethkether the tumor has spread
to other parts of the body, mitoses within the puiyntumor, the site of
distance metastasis, level of serum of lactate dieiggnase (LDH) (Fig.3).
The TNM System is the most widely used system fmcer staging in the
world. The system defines cancer stage by desgribin

T. the features of the primary tumor. The thredimijgsishing features are
tumor thickness, mitoses, and ulceration. Tumockiiness (also known as
Breslow depth) is measured in millimeters (mm).

1 mm = .04 inch, or less than 1/16 inch

2 mm = between 1/16 and 1/8 inch

4 mm = between 1/8 and 1/4 inch

N: the presence or absence of tumor spread to yweamph nodes
M: the presence or absence of metastasis to distast

I PP Thickness Ulceration Status
Classification
Tis N/A N/A
T < 1.0mm a: w/o ulceration and mitosis < 1 / mm?
- = b: with ulceration and mitosis > 1 / mm?
_ a: w/o ulceration
2 1.01-2.0mm b: with ulceration
a: w/o ulceration
LE} 2.01-4.0mm b: with ulceration
a: w/o ulceration
T4 2 4.0mm b: with ulceration
gj‘a ssification | % of Metastatic Nodes Nodal Metastatic Mass
NO No evidence of lymph node metastasis
Ni 1 node a: micrometastasis
- — b: macrometastasis
a: micrometastasis
b: macrometastasis
H2 2-3 nodes c: In transit metastases/satellites without
metastatic nodes
N3 4 or more metastatic nodes, or matted nodes, or in-transit metastases/satellites
= and metastatic nodes
M Site Serum [ DH
Classification |=
MO Mo evidence of metastasis to distant tissues or organs
Distant skin, subcutaneous or
mia nodal metastases Normal
Mib Lung metastases Normal
Mic All other visceral metastases Normal
— Or any distant metastases Elevated

Figure 3. TNM staging system of melanoma updated by AJCQDB2
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1.5 Molecular biology of melanocytes and their trasformation into
melanoma cells

Melanocytes are pigment producing cells of the skirhumans and other
vertebrates. They constitute a heterogeneous gobwgells originating from

neural crest cells (NCC), capable to produce melahielanocytes are
predominately localized in the basal layer of thpdermis, however their
presence in other sides of the body are documeified.this reason other
functions of melanocytes, a part the productiorthef pigment melanin, are
suggested. Melanocytes seem to have neuroenddamations, they play a
role in detoxification in the brain, anti-inflamneay activities by reduction and
binding of ROS in heart and adipose tissue, balamcehearing in inner hear
and cochlea, hair and eyes pigmentation and proteagainst UV (Plonka PM
et al 2009). They are classically considered the cefishe basal layer of
epidermis but their presence have also been foanHair, iris, inner ear,
nervous system, heart , mucosal membrane and ctemraous system
(Tachibana M. 1999, Brito F€t al 2008). (Fig.4).
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Figure 4. Anatomy of the skin, showing the epidermis, dernaisd subcutaneous
tissue. Melanocytes are in the layer of basal e¢lthe deepest part of the epidermis.

The life cycle of melanocytes consists of sevetaps including lineage
specification from embryonic neural crest cells laneblasts), migration and
proliferation of melanoblasts, differentiation oelanoblasts into melanocytes,
maturation of melanocytes (melanin production inecs@l organelles —
melanosomes) transport of mature melanosomes #itkecytes and eventual
cell death. Proliferation and differentiation of lameocytes during development
is regulated by numerous genetic and epigenetioracMoreover, epigenetic
factors from the surrounding tissue environmenthsas keratinocytes and
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fibroblasts, the pituitary gland, other organs @mel blood supply, as well as
environmental factors such as ultraviolet (UV) edidin and ionizing radiation
are also important for the regulation of melanosytaroliferation and
differentiation. In particular seems that keratiyies are involved in regulating
the proliferation and differentiation of melanocyitln vitro experiments have
demonstrated that in a culture of proliferatingaterocytes, melanoblasts and
melanocytes start to proliferate around the keoafite colony, suggesting that
keratinocytes produce and release melanocyte mmsoged melanogen in
cooperation with basic fibroblast growth factor GfH (Hirobe. 1994). The
mechanisms leading to malignant transformation efamocytes are poorly
understood. In developing malignant melanoma, tieeeecomplex interaction
of environmental and endogenous (genetic) factoctiding: dysregulation of
cell proliferation, programmed cell death (apompsand cell to cell
interactions. It has been suggested that severasg@volved in melanocytes
development may also be associated with melanothdeelopment (Audrey
Uonget al 2010). Even though progress have been made ierstaciding the
molecular biology of malignant melanoma, it islIstinclear how a normal
melanocyte becomes a melanoma cell. Many evidedlessly indicate the
existence of complex molecular machinery that mtesichecks and balances
in normal melanocytes. Progression from normal nwgtes to melanoma
cells is the result of a combination of down- or-regulation of various
effectors involved in different molecular pathways.hypothetical model of
melanoma development is represented by the melkamanved from a pre-
existing nevus, which represent about 25% of allammma cases. These
malignancies develop through a multistep procegslated by a key set of
genes. Melanocytes must acquire successive geamimrmalities before they
get a malignant behavior leading to melanoma faomatThe figure 2 shows
the various stages of melanocytic lesion. In eddhease stages a new clone of
cells acquire growth advantages over the surrognissues (Fig.5). In normal
skin there is an homogeneous distribution of deiedmelanocytes within the
basal layer of the epidermis. In the early stadgpesiign melanocytic naevi
occur with increased numbers of dendritic melanexytAccording to their
localization, naevi are termed junctional, dermrat@mpound. Some naevi are
dysplastic, with morphologically atypical melanceyt Subsequently,
melanoma cells begin to growth in a radial modes gtep is called Radial-
growth-phase (RGP) melanoma. This is considerdx tine primary malignant
stage. The final step of progression is the Vdrgrawth-phase (VGP)
melanoma. This is the first stage that is consuiénehave malignant potential
and leads directly to metastatic malignant melandhemost deadly stage, by
infiltration of the vascular and lymphatic syster®agetoid spread describes
the upward migration or vertical stacking of meleytes that is a histological
characteristic of melanoma.
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Figure 5. a, Normal skin.b, Naevusc, Radial-growth-phase (RGP) melanoma. This
is considered to be the primary malignant stadjeVertical-growth-phase (VGP)
melanoma. (figure from the Article “Melanoma biojognd new targeted therapy” of
Vanessa Gray-Schopfet al 2007. Nature)
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1.6 Molecular bases of CMM

CMM is a complex genetic disease in which several altegedes and

molecular pathways are involved. The clinical hegeneity of melanoma can
probably be explained by the existence of distiypies of melanoma with
different susceptibility to ultraviolet light.

Cutaneous melanomas, indeed, have four distintyges:

- Superficial Spreading Melanont&@SM), on intermittently exposed skin;

- Lentigo Maligna Melanom@_MM), on chronically exposed skin;

- Acral Lentiginous Melanom@LM), on the hairless skin of the palms and
soles;

- Nodular MelanomdNM), with tumorigenic vertical growth, not assded
with macular component.

Many studies conducted over several decades ongmeand malignant
melanocytic lesions as well as melanoma cell lim@ge implicated numerous
genes in melanoma development and progresdibis emerging pattern of
molecular complexity in melanoma tumors mirrors thieical diversity of the
disease and highlights the notion that melanonka, dther cancers, is not a
single disease but a heterogeneous group of disotdat arise from complex
molecular changes. Understanding of molecular abens involving
important cellular processes, such as cellularaigg networks, cell cycle
regulation, and cell death, will be essential fattéx diagnosis, accurate
assessment of prognosis, and rational design efctefé therapeutics. The
characterization of molecular signature of indiatyatient’s lesions could
provide new insights for selection of a personaitigerapy and prediction of
response to treatment. The principal molecular rabiens affecting
functionally relevant cellular processes in theagenesis of melanoma, such
as cell cycle control and cell-signaling mechanismesthe following:

1.6.1CDKNZ2A (Cyclin-Dependent Kinase inhibitor 2A)

The best-characterized high-penetrance susceptilmiene predisposing to
CMM is CDKN2A (N. Ibrahim and F. G. Haluska. 2009, Calder andBW.
Morgan. 2010, A. Sekuliet al. 2008). This tumor suppressor gene is located
on chromosome 9p21 and encodes two distinct tunnopressor proteins
(p14/ARF and pl16/INK4a) implicated in the pathoges®f 25-40 per cent of
familial CMM. Over 60 different germline mutatioms CDKN2A have been
detected in more than 190 families wordwilde. Thaganty of these mutations
are missense mutations in Ft6'** (Goldstein AM .et al 2006). To date,
germline large deletions have been characterisdéidea®p21 locus in only six
families worldwide. A deletion involvingCDKN2A exonla, 2, and 3 and a
deletion removing exon ol and half of exon 2 were described in two
melanoma-prone kindreds, originated from UK andnffdorway, respectively
(Mistry et al 2005; Knappskogt al. 2006). Large deletions have also been
found in families with combined proneness to mefaa@and nervous system
tumours (NST): a gross deletion ablating the wHol2KN2A and CDKN2B
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genes has been reported in a French family (Babtiali1998; Pasmarst al
2007), and a deletion of p14ARF-specific exon 1lhhaf CDKN2A gene has
been found in one US family and in two UK famili@@ahuauet al 1998;
Randerson-Mooet al. 2001; Mistryet al. 2005; Lauckt al. 2006).

The p16°PN?A protein inhibits the activity of the cyclin D1-dje-dependent
kinase 4 (CDK4) complex, that drives cell cycleogression by
phosphorylating the retinoblastoma (RB) proteinud;tp16°V?* induces cell
cycle arrest at G1 phase, blocking the RB proteosphorylation. RB
phosphorylation causes the release of the E2Fdriatien factor, which binds
the promoters of target genes, stimulating thel®sis of proteins necessary
for cell division. Normally the RB protein preverntge cell division. When the
RB protein is absent or inactivated by phosphaaigtthere is a promotion of
the cell cycle progression (Pacifico A. and Leon&@@7).

p14PN2A stabilizes p53, interacting with the Murine DouMé@ute (MDM2)
protein, whose principal function is to promote tlhdiquitin-mediated
degradation of the p53 tumor suppressor gene prd@iott FJ.et al 1998,
Tsao H.et al 2000, Piepkorn M. 2000). The p53 protein arrestsdivision at
Gl phase to allow DNA repair or to induce apoptosis potentially
transformed cells. In normal conditions, the exgi@s levels of p53 in cells
are low. In response to DNA damage, p53 accumulates prevents cell
division. Therefore, inactivation of thEP53gene results in an accumulation of
genetic damage in cells which promotes tumor foionatin melanoma, the
frequency ofTP53 mutations is low (Box NF and Terzian T. 2008). Biffnt
signals regulate p53 levels by controlling its lmgdwith MDM2. Several
kinases play this role, catalyzing stress-induckdsphorylation of serine in
the trans-activation domain of p53. Moreover, salvproteins, including E2F,
stabilize p53 through the p12d™“*-mediated pathway.

Data obtained from genetic and molecular studies twe past few years have
indicated that theCDKN2A locus as the principal and rate-limiting target of
UV radiation in melanoma formation (Goldstein Agt.al 2005).

1.6.2CDK4 (Cyclin-Dependent Kinase-4)

It represents another high-penetrance melanomajsiitsitity gene. Only three
melanoma families worldwide are carriers of mutagion CDK4 (Arg24Cys
and Arg24His) (K.D. Meyle and P. Guldberg. 2009cated on chromosome
12q14,CDK4 encodes cyclin-dependent kinase 4 protein, a itoest of the
complex CDK4/6. The Arg24Cys makes the gt protein unable to
inhibit the D1-ciclyn€DK4 complex, resulting in a sort of oncogenic
activation ofCDK4.
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1.6.3 RAS/RAF/MEK/ERK Signaling Pathway: the role & BRAF in
melanoma

Among the signaling pathways that are constitugietivated in melanoma,
mitogen-activated protein kinase (MAPK) pathway haen considered one of
the most attractive targets for treatment (Satyathgeet al 2003, Sharmat
al. 2006, Smalleyet al 2006, Solitet al 2006). This pathway represents the
major signaling cascade involved in the control cell growth, survival,
proliferation and migration and it seems to be iogikd in rapid melanoma
growth, enhanced cell survival and resistance tpegsis playing a major role
in both development and progression of melanomasapds (Davies Het al
2002, MMMP). When active in its GTP-bound std&Sactivates a number
of downstream effectors, one of which is RAF family of serine/threonine
kinases. There are three isoformsRAF, namely,A-Raf BRAF, and CRAF
(also calledRaf-1). Once activatedRAF stimulates the MAPK cascade,
resulting in the sequential activation of MEK1 aNtEK?2, which in turn
activates ERK1 and ERK2 (Crevet al 1992; Kyriakiset al 1992). Once
activated, the ERKs either activate cytoplasmiqgdts or migrate to the
nucleus, where they phosphorylate transcriptiotofac

In melanocytes, the MAPK pathway is activated bgwgh factors released
from the local microenvironment and through receptgrosine kinases
activation. Under physiological conditions, thesevgth factors only induce a
weak stimulation of the MAPK pathway that is insti#fnt to induce
melanocyte proliferation. In most melanoma cellse tsituation is very
different and it has been shown that >90 per cdntlinical melanoma
specimens have continuous hyperactivity in the MAgthway (Coheret al
2002). Although MAPK activity in melanoma cells carnse through autocrine
growth factor stimulation (Nesbit al 1999), N-cadherin-based homotypic
cell—cell adhesion (Let al 2001), and melanoma cell-matrix adhesion, it is
more commonly activated after the acquisition of ativating oncogenic
mutation.The first such MAPK-activating mutationlte reported in melanoma
was in NRAS (Paduaet al 1984). Mutations inNRAS have since been
identified in 15-20 per cent of all melanomas, and most commonly the
result of the substitution from leucine to glutamat position 61.

The most common mutation to be reported in melantimaa far is inBRAF,
the serine-threonine kinase located downstream N&RRAS In fact,
approximately 50 per cent of melanomas harbor aiitig BRAF mutations.
Among theBRAFmutations observed in melanoma, over 90 per aenatathe
codon 600, and among these, over 90 per cent sirggke nucleotide mutation
resulting in a substitution of a glutamic acid tovaline BRAF V600E:
nucleotide 1799 T>A; codon GTG>AAG). The second nmosnmon mutation
is BRAF V600K substituting lysine for valine, that reprete 5-6 per cent
(GTG>AAG), followed byBRAF V600R (GTG>AGG), an infrequent two-
nucleotide variation of the predominant mutatioBRAF V600 ‘E2’
(GTG>GAA), and BRAF V600D (GTG>GAT) (Catalogue of Somatic
Mutation in Cancer, COSMIC). Th&RAF V600E mutation activateBRAF
and induces constitutive MEK-ERK signaling in cdl@avies H.et al. 2002,
Wan PT.et al. 2004) (Fig.6). The presence BIRAFmutations in nevi strongly
suggests thatBRAF activation is necessary but not sufficient for the
development of melanoma. AcquisitionBRAFV600E mutation seems to be
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an early event in melanoma development, moreB®AF mutations occur at
high frequency in melanomas that are strongly khke intermittent sun
exposure.BRAF V600E has been implicated in different mechanismhs o
melanoma progression, and principally, in addittonthe MAPK pathway
activation, evasion of senescence and apoptosisheaked replicative
potential, angiogenesis. No clear differences mgposis were noted between
BRAFmutated versus wild-type melanomas. Features ef thntecedent
primary melanoma significantly associated wBRAF mutation were the
superficial spreading and nodular hisopatologiaditygoes, the presence of
mitoses, the presence of occult primary melanomajrecal location and the
age at the diagnosis of the primary tumor (<50g)ear
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1.6.4 PTEN (phosphatase and tensin homolg) and PI3KKT Pathway

Among the other mutated genes and pathways thatbmagqually important
for melanoma development and progression therett@ePTEN gene and
PI3/AKT pathway. Activation of PI3/AKT pathway in etanoma occurs
through either paracrine/autocrine growth factarsdess of expression and/or
mutation of negative pathway regulators (PTEN)pamticular, the insuine-like
growth factor-1 is known to aid the growth of eadtage melanoma cells, at
least in part, through the activation of PI3/AKTtlpaay (Satyamoorthet al.
2002). Activation of AKT pathway stimulates cellotg progression, survival,
metabolism and migration through phosphorylationnmdiny physiological
substrates (Stokoe D. 2001, Dania PL. 2000, Kaa$:land Hay N. 1999,
Downward J. 2004). It has been proposed that a @ymmechanism of
activation of AKT is DNA copy gain involving thek&3 locus, which is found
in 40-60 per cent of melanomas (it leads to a sgkeconstitutive activation in
AKT3). AKT expression strongly correlates with msdana progression, and
depletion of AKT3 induces apoptosis in melanomascaind reduces the
growth of xenografts (Staal SP. 1984, Stahl éMal 2004). One of the most
critical regulator of AKT is PTEN, that degrades ttroducts of PI3K, thereby
preventing the activation of AKT. However, the magcism by which PI3K
pathway is activated in melanoma remains not fadlycidated, but may
involve the loss of expression or functional inzation of PTEN (Fig.7).
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Figure 7. Schematic of the canonic&as effector pathways Raf-MEK-ERK and
PI3K-Akt in melanoma.

23



1.6.5 mTOR (mammalian target of rapamycin) pathway

Another signaling cascade intimately linked to BK/AKT pathway and
whose hyperactivation is involved in melanoma pgémesis, is the mTOR
pathway. mTOR signaling involves the activity ofotwignaling complexes,
MTORC1 and mTORC2. Increased activity in these deanstream pathway
components leads to increased protein translatidrcall proliferation (Fig.8).
The two different mTORC complexes have oppositeat$f on AKT signaling,
with mTORCL1 suppressing AKT signaling and mTORCgdliy activating
AKT through a phosphorylation event at Ser473 (8ssbwet al 2004). There
is also evidence that mMTORCL1 inhibition may leadrtcreased PI3K/AKT
signaling through the upregulated expression ofrtkelin-like growth factor-I
adaptor protein IRS2 (Tamburiat al 2008). mTOR signaling is known to be
active in melanoma, with immunohistochemical stadishowing the
constitutive phosphorylation of p70 S6 kinase inpanel of metastatic
melanoma samples (Karbowniczek al 2008). Furthermore, results from
other groups also indicate that the activation 3QQR pathway is related with
MAPK pathway activation in melanoma. Some evidenseggest that the
MmTOR pathway activation seems to be associated withse prognosis,
especially in conjunctival melanomas. Overall, thkerations in major
components of the MAPK, such &RAF and NRASmutations, and mTOR
pathways,PTEN loss and AKT overexpression, seem to have subatanti
influence in melanoma progression, being both payswinked to survival and
chemoresistence in melanoma (Guertin BRal 2007).
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Figure 8. Schematic representation of mMTOR pathway. The test-bharacterized
MTORCL1 substrates, elongation factor 4e-bindingegimol (4e-BP1) and ribosomal
protein S6 kinase-1 (S6K1), are components ofrdrestational control machinery and
mediate cap-dependent translation and ribosomebesis, respectively.
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1.6.6 MITF (microphthalmia-associated transcriptionfactor)

Increased interest has been focused on the actiithe microphthalmia-
associated transcriptor factor (MITF), which is siolered to be the "master
regulator of melanocytes” since it seems to beiakfior melanoblast survival
and melanocyte lineage commitment. MITF, in additio its involvement into
the differentiation pathways such as pigmentatioay play an important role
in the proliferation and/or survival of developintgelanocytes, contributing to
melanocyte differentiation by triggering cell cycdxit. The differentiation
functions of MITF are displayed when the expressewels of this protein are
high. Indeed, high MITF levels have been demorstrab exert an anti-
proliferative activity in melanoma cells (Wellbro€kand Marais R . 2005). In
this regard, low levels of MITF protein were fouimdinvasive melanoma cells
(Hoek KS.et al 2008) and have been associated with poor progrersil
clinical disease progression (Salti ®t-al 2000).
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1.7 Current therapies for CMM

Melanoma is an extremely aggressive disease wigh Mmetastatic potential
and a notoriously high resistance to citotoxic ageithis is thought to be
because melanocytes originate from highly motildlscéhat have high
enhanced survival properties. Melanoma cells hawelévels of spontaneous
apoptosisn vivo compared with other tumor cell types, and reldjivesistant

to drug-induced apoptosis vitro (Soengas M. and Lowe S. 2003). There are
several approved postoperative adjuvant theraprasalignant melanoma like
chemotherapy (dacarbazine, DTIC) and immunothergjyterferon-a,
interleukin-2, ipilimumab).

1.7.1 Chemotherapy

DTIC: Chemotherapy continues to be an important toolhm treatment of
melanoma. While not having demonstrated an ovesalivival benefit,
chemotherapy has a clear role for palliation ofigras with melanoma (Lee
SM. 1995). Multiple chemotherapeutics have beeruated in the treatment
of advanced melanoma however only DTIC has beernoapg for use by the
Food and Drug Administration (FDA). DTIC, and thenabbg drug
temozolomide, are alkylating agents that damage DOidyAntroducing alkyl
groups to guanine bases, eventually cell deathapptosis and other cell
death mechanisms. DTIC has become the “standasdref benchmark for the
treatment of metastatic melanoma. However, the dasgnever been shown in
a randomized phase Il trial to improve overallvéual. Generally, DTIC is
associated with a response rate of approximately2@QOper cent and a
progression-free survival of approximately thresitomonths (Crosby Tet al
2000). The side effect profile of DTIC is predontelg dictated by nausea,
vomiting and bone marrow suppression in the fornreatopenia and anemia.
In a phase lll trial of 305 patients, temozolom(d@®1Z) was not found to be
significantly more efficacious as compared to DTi€C terms of overall
survival (OS), 7.7 versus 6.4 months, respectivelgd progression-free
survival (PFS), 1.9 months versus 1.5 months, ms@dy (Middleton MR.et
al. 2000). A second phase lll trial of TMZ versus BOTIn 859 patients
confirmed this, showing no difference in OS, 9.1sus 9.4 months or PFS, 2.3
versus 2.2 months, respectively) (Patel R al2001). Despite various
attempts to improve the efficacy of TMZ, it remaiagproximately that of
DTIC. The major advantage of TMZ is the ease ofirdpgiven the oral
formulation of the drug. Despite this advantage,ZTiWas not achieved FDA
approval for the treatment of metastatic melanortie@ classes of alkylating
and cytotoxic agents with documented activity inlanema are nitrosoureas,
microtubule disrupting agent, taxanes and platintdowever, none of these
agents has been approved by the FDA for treatmieativanced melanoma,
except fotemustine that has been approved by samgp&an regulators.Most
chemotherapeutic drugs function by inducing apaptos malignant cells, so
resistant to apoptosis is likely to underlie dragistance in melanoma, and this
extraordinary resistance to chemotherapy, radiafheand immunotherapy is
a major barrier to successful treatment of melanodra the basis of these
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principles, several new targeted agents are clyrbaing evaluated and tested
alone or in combination with conventional chemodpst

1.7.2 Targeted therapies in melanoma

The identification of activating mutations in metama, combined with a
growing appreciation of the different pattern ofngec changes in the
anatomically defined melanoma subtypes, has bet¢bentocus of a concerted
effort to translate these discoveries into perseedltherapeutic approaches
for melanoma. Novel ways to modulate the immundesysby monoclonal
antibodies as well as various signalling pathwdyhitors are responsible for
creating a whole new therapeutic landscape. Sewueradl targets are currently
being investigated in melanoma. The increasingnofWkedge of the molecular
alterations associated with melanoma progressioniges rational druggable
targets for development of novel therapeutic sfriete including alterations in
key intracellular signalling pathways and growtbtéa receptors.

BRAF inhibitors A number ofBRAF inhibitors are currently under clinical
development and evaluation. Sorafenib (BAY43-9#yer) is a bi-aryl urea
small molecule broad-spectrum kinase inhibitor.isitable to inhibits the
vascular endothelial growth factor receptor (VEGRRY RAF kinase, which
also has activity again§-Kit and platelet derived growth factor receptor beta
(PDGFR$). Activity against melanoma was demonstrated iasghl studies,
and so it was further developed for this indicatiancombination with the
usual combination of carboplatin and paclitaxele Thsponse rate in phase |
trial was over 30 per cent, and so it was evaluated in phase Il and Il trials
that moreover failed. The addition of sorafenilzcaoboplatin and paclitaxel did
not improve any of the relevant end points overcg® in advanced
melanoma patients. Studies of sorafenib indicaae itHacks of selectivity and
potency forRAF, and it is highly potent inhibitor of VEGFR2, VEB®B, and
several other kinases (Wilhelm Skt.al 2004).

Vemurafenib (PLX3042)Vemurafenib is a potent and specific inhibitor of
BRAF with the V600E mutation (Fig.9). It has marked itamhor effects
against melanoma cell lines with tBRAFV600E mutation only. It is inactive
in the cell lines with wild typ®&RAF (Flaherty KT,et al 2010). Flahertyet al
conducted a Phase | and Il trials for vemurafertiodys in patients with
unresectable, previously untreated stage IlIC agestV melanoma that tested
positive for the BRAF V600E mutation. A phase | trial established the
maximum tolerated dose to be 960 mg twice dailycwhshowed responses
against the tumor. A phase 2 trial involving patsemwho had received previous
treatment for melanoma with tlBERAFV600E mutation displayed a confirmed
response rate of 53 per cent, with a median duratiogesponse of 6.7 months.
The levels of phosphorylated extracellular signalgulated kinase (ERK),
cyclin D1, and Ki-67 were markedly reduced at d&yas compared with
baseline in all specimens examined. This study gse@ that vemurafenib
inhibited the MAP kinase pathway, resulting in é&ged cyclin D1 levels and
decreased proliferation. Subsequently, Phase illl was conducted in 680
patients with previously untreated, unresectablagestIliC or stage IV
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melanoma withBRAF V600E mutations. The patients were randomized to
vemurafenib or DTIC (Guo &kt al 2011). There was an increase in median
survival from 8 months for DTIC to 12.3 months fe@murafenib (Chapman
PB. et al 2011). A total of 672 patients were evaluated@&. At 6 months,
OS was 84 per cent in the vemurafenib group condpereés4 per cent in the
DTIC group. Estimated median progression-free saivi(PFS) in the
vemurafenib group and in the DTIC group was 5.3 th®rand 1.6 months
respectively. The most common adverse events ingheurafenib group were
cutaneous events, arthralgias, and fatigue; phositsety skin reactions of
grade 2 or 3 were seen in 12 per cent of the gatidimong patients treated
with vemurafenib, 18 per cent were reported to hetveast one squamous-cell
carcinoma of the skin or keratoacanthoma. Vemauiafdisplayed a relative
reduction of 63 per cent in the risk of death ahd4 per cent in the risk of
tumor progression in untreated, unresectable dtégeor stage IV melanoma
with the BRAF V600E mutation, in comparison with treatment Wi 1C.
Vemurafenib 960 mg, orally administered twice days approved by FDA in
2011 to treat patients with metastatic or unresdetaelanoma.

Figure 9. The structural formula of vemurafenib

Currently, severabther studies are ongoing for the evaluation ofed#nt
classes oBRAFinhibitors: dobrafenib that is a selective kinagabitor that is
active against several mutated formB&AF kinase includingBRAF V600E,
BRAFV600K, andBRAF V600D or Trametinib that reversibly and selectyvel
inhibits the activation of mitogen-activated ex#atalar signal regulated kinase
(MEK) 1 and MEK2 and inhibits their kinase activity

1.7.3 Immunotherapy

Ipilimumab: Melanoma is characterized as one of the most imgemo
tumors due to the presence of tumor infiltratingnphocytes in resected
melanoma, occasional spontaneous regressions, lkamdalc responses to
immune stimulation. The immunogenicity of melandmaa led investigators to
study novel immune strategies to overcome tumor umemevasion. One
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mechanism by which T cells self-regulate theinatton is through expression
of cytotoxic T-lymphocyte-associated antigen 4 (@¥4). CTLA-4 functions
as a negative co-stimulatory molecule for the TI, cahd therapies that
antagonize CTLA-4 remove the brakes from the Tlealling to a net effect of
T cell hyper-responsiveness. In march 2011 FDA @amx the cancer
immunotherapy drug ipilimumab (yervoy) for metagtanelanoma patients.
Ipilimumab is human IgG1 monoclonal antibody thimicks CTLA-4, thereby
increasing T-cell activity and promoting antitumactivity. Two phase 3
randomized clinical trials have evaluated ipilimuma metastatic melanoma.
In the first trial of patients with previously ttea unresectable stage Il or IV
melanoma, ipilimumab demonstrated an improved dvemarvival versus
glycoprotein 100 peptide vaccine (gp100) (1&s6.4 months) (Robert @t al
2011). In the second phase 3 trial in previouslyraated patients with
metastatic melanoma, ipilimumab plus DTIC demonsttamprovement in OS
versus single agent DTIC (11.2 vs 9.2 months. Ith jghase 3 studies, the
response rate, complete response (CR) and patipbnse (PR) was only 10
per cent to 15 per cent and the disease cont®l(GR, PR, and stable disease
(SD) was approximately 30 per cent. In additiorg improvement in percent
of patients alive at one and two years is condistd® per cent better than the
non-ipilimumab containing arms. While the resporete and improvement in
OS in ipilimumab is relatively modest, the toxiegiof the therapy, including
immune-related enterocolitis, hepatitis, and dettisatire highly manageable.
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1.8 Neuroendocrine differentiation of melanoma cedl

Neuroendocrine tumors (NETSs) are a heterogeneauwpgf neoplasms which
take origin from the neuroendocrine cell system ame characterized by
embryological, biological and histopathological feiences. Traditionally
considered as a rare and "niche" pathology, overldkt decades they have
gained significant attention from the scientificromunity, even because of
their increasing incidence and prevalence probmbbutable to the availability
of more sensitive diagnostic tools and to the dgwalent of higher awareness
among clinicians. However, commonly, neuroendoctu@ors seem to be
characterized by the secretion of specific markiensexample Chromogranin,
synapsin...) and a distinctive pattern of receptexpression. The term
"neuroendocrine” has been used to define the pieaaif cells that secrete
their products in a regulated manner, in respomsea tspecific stimulus.
Neuroendocrine features have been used as evidefica common
embryological origin for normal and neoplastic selHowever, it is now
recognized that neuroendocrine characteristicsbeaobserved in various cell
types that do not have a common embryological origith neurons and
endocrine cells. Although melanoma is not commowglgssified as
neuroendocrine tumor, some subtypes of melanoma eahibit a
neuroendocrine phenotype. Moreover, another featfremelanoma as
neuroendocrine tumor is the expression of SST tecefSSTRsS), G protein-
coupled receptors with inhibitory capacity growphmoliferation and secretion
in some NETs. Although the evaluation of the dmttion of SSTRs by
imaging with *in-pentetreotide scintigraphy (OctreoScan) has téichi
sensitivity for localizing melanomas, tumors thah e imaged by OctreoScan
may be amenable to adjuvant therapy with octreairdrgeted therapy with
high-energy radioisotope-labeled octreotide (SheBorhum. 2001). In 2005,
Eyden B.et al, demonstrated, by immunohistochemistry experis(&iC) ,
that malignant melanoma showed a neuroendocriferelitiation. In addition
to expression of typical melanoma markers suchl@® $rotein, HMB-45 and
melan-A, melanoma cells may be shown to expressmger of neuroendocrine
markers, including synaptophysin, chromogranin, roiament protein,
CD56, VIP and GFAP. Ultrastructure may reveal tgbicmembrane-bound
neurosecretory granules (Eyden B. 2005, BanerjeeA88 Eyden B. 2007).
However, the knowledge about the “neuroendocringieats of melanoma
cells are sill poor and further studies are regluir®ore than 15 years ago, it
has been proposed for the first time that melamscyre the sensory and
regulatory cells with computing and amplifying chiiéies, which detect and
transform external and/or internal signals/enengtp iorganized regulatory
network(s) for the maintenance of the cutaneousedumtasis. This concept is
in agreement with a hypothesis that melanocytes‘raerons of the skin’
formulated by Aaron B. Lerner. Melanocytes produckassical stress
neurotransmitters, neuropeptides and hormones,tlzeidthis production is
stimulated by ultraviolet radiation, biological facs and other agents that act
within the skin neuroendocrine system. Furthermdmnejr production is not
random, but hierarchical and follows the structwslassical neuroendocrine
organizations such as hypothalamic-pituitary-adrearis, serotoninergic,
melatoninergic and catecholaminergic systems. Aamgte of an intrinsic but
overlooked neuroendocrine activity is production d arsecretion of
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melanogenesis intermediates including L-DOPA ordesivatives that could
enter circulation and act on distant sites. Sucpalséities have defined
melanocytes as neuroendocrine cells that not ootydinate cutaneous but
also can affect a global homeostasis.

1.8.1 Somatostatin and cancer

Somatostatin, SST (also known as growth hormonibitiing hormone
(GHIH) or somatotropin release-inhibiting factoR(E) is a peptide hormone
that regulates the endocrine system and affectsotransmission, cell
proliferation and numerous secondary hormones sele#ibition. Two active
biologically forms derive from the C-terminus portiof a single pro-peptide:
SST-14 and SST-28. SST acts on its multiple ceflets via a family of six
receptors that originate from five genes: SSTRITREE, SSTR2b, SSTR3,
SSTR4, SSTR5. SSTR2 is alternatively spliced aCiterminus producing the
SSTR2a and the SSTR2b variants that have a somedifiatent tissue
distribution. Besides their expression in normakudies, SSTRs have been
identified in tumor cell of different aetiology ilugling pituitary, pancreatic,
breast and hematopoietic tissues. Moreover, themhapf human tumors do
express SSTRs, often more than one receptor sufitigfeand, L.J. and S.W.
Lamberts. 2001). As mentioned above, the SSTRsnambers of the G-
proteins coupled receptors (GPCRs) superfamily smdmodulate cellular
function through multiple pathways coupled to Gtpno dependent signalling
pathways. The different signaling pathways actiddby the various SSTRs
subtypes vary according to the receptor subtype @swle localization.
However, all SSTRs subtypes inhibit Adenylate Cseland cAMP production
upon ligand binding (Patel, Y.C. 1999). All of thkeiotropic effects of SST in
the different target tissues can be explained by thasic biological
mechanisms: inhibition of secretion and inhibitminproliferation. As already
mentioned, the SST peptides inhibit secretion (@uratransmitters or
hormones) from cells in different tissues such las pituitary gland, the
endocrine pancreas and the stomach. The molecel@nanism by which SST
exerts its inhibitory effects on cell secretionstdl a matter of intense study
and may vary between the different cell types. Hmwge it is generally
accepted that after binding its receptors, SST 8 &nalogs, active an
intracellular trasductional message that downrdgsléhe enzyme Adenilate
Cyclase, which in turn inactives Protein Kinase RKA), leading to an
intracellular decrease of both cAMP and®CaAs reported by literature this
signalling is mainly responsible for the secretiohibition, with some effects
due to the activation of phosphatases such asnealtn (Bousquet, Cet al
2001). Another intracellular pathway activated bistneuropeptide, in fact,
shows the upregulation of some phosphatases balpngidifferent families
such as serin-threonin kinases (PTPases, SHP-1S&il2). SST and its
analogs also exert antitumor activity through diraed indirect mechanisms,
acting through SSTRs, which are found on tumorscatid cells in the tumor
microenvironment (Fig.10).
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Somatostatin analogs

Binding on the somatostatin
receptor of tumor cells
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Figure 10. Antitumor effects of SST analogs. SST analogs eaptitumor activity
through both direct and indirect mechanisms thrdag§fRs

The direct anti-proliferative effects of SST and TS8nalogs are largely
believed to be due to the activation of tyrosineogghatases that
dephosphorylate (and inhibit) growth factor receptdn addition, the SST-
mediated activation of phosphatases regulates distal signalling pathways
such as the MAPK pathway. Addition of SST (or swtithanalogs) to SSTRs
expressing proliferating cells usually produced gebwth arrest at the G1
phase of cell cycle (Benali, Net al 2000). Interestingly, in some cells,
activation of the SSTR2 and SSTR3 subtypes indapegtosis and cell death
rather than growth arrest through activation andegplation of the tumor

suppressor p53 and the pro-apoptotic protein Baharf8a, K. and C.B.

Srikant. 1998). In fact, the expression of SSTRsdaweral human tumors was
SO pervasive that it helped to create an entire figle in oncology: peptide

therapy. SST analogs have also been used in dinexir reduction with 90Y

radiolabeled analogs and in the symptomatic treatroé hormone secreting
tumor (Reubi, J.C. 2003, Kaltsas, G&t.al 2005). Indirect antitumor effects
of SSAs result from suppression of the secretiorgmiwth or angiogenic

factors. Angio-inhibitory action of SSTR2 in tumofsuch as pancreatic
cancer) involves the upregulation of the expressiainrombospondin-1 (TSP-
1), a potent antiangiogenic factor. TSP-1 inactéisahe angiogenic effects of
VEGF and therefore plays a crucial role in SSTRAdusuppressive activity

on pancreatic tumor growth (Bevan, J.S. 2005) {Hig
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Figure 11 Mechanisms of antitumor activity of synthetic SShalegs in
neuroendocrine tumors (NET).

After agonist activation, GPCRs are phosphoryldtedolving protein kinase
A, protein kinase C, and GPCR kinases) and inted| probably via the
formation of clathrin-coated pits (involvin@-arrestins). The internalized
receptors are then directed to endosomes in whiep are dephosphorylated.
Subsequently, the receptors are recycled back doptasma membrane as
functional (resensitized) receptors. GPCR downi@gi results from
lysosomal degradation of intracellular receptorscrdased mRNA 22 and
receptor protein synthesis, as well as increasgdadation via mobilization of
membrane receptors directly to the lysosomal cotnpant (Jacobs S. and S.
Schulz. 2008, Tulipano CGet al 2004, Liu Q.et al 2005). Actually, the
presence and the role of SSTRs in CMM is not yetrifctdd because
controversial results on SSTRs expression and nhigoeoliferative effects of
SST analogs in melanoma have been obtained.
Early in 1995, was hypothesized that malignant maiaa, being of neural
crest origin, might contain SSTRs (Williams &. al 1997). The following
effective finding that some melanoma contain SSTdRafirm that some
subtypes of melanoma present neuroendocrine feahdemplies some host
control of melanoma growth. M Martinez-Alonasb al evaluated the SSTRs
expression in 18 human skin melanoma cell linewirTikesults, in agreement
with previous studies, showing that SSTR2 is thestnabundantly expressed
SSTR in the majority of tumor types (Hoflandétj al. 2001) and in cutaneous
and uveal melanoma too (Navid Ardjomaetdal 2003, Lum SSet al 2001,
Hofland Lj et al 2001). They also test the effects of two SST aysl
octreotide and pasireotide (SOM230), on cell peodifion. The SAs
investigated in this study, did not, however, digantly inhibit melanoma
growth or induce cell death. Since the generalporeed high expression of
SSTRs in neuroendocrine tumors (NET), SAs haveoaqunced role in the
medical therapy for this class of tumors, especipltuitary adenomas and
well-differentiated gastroentero pancreatic NET BGRET). The findings of
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SSTRs in melanoma, lead to hypothesize the us8Asf could as a new
possible promising therapeutic approach for tlygressive skin cancer. A
deeper knowledge of the involvement of somatostagic system in
melanoma may shed new light on the potential réIS®TRs as targets for
adjuvant biotherapy in patients with advanced nai@m On the basis of this
evidence, the pourpose of the current study is @h@luation of SSTRs
expression in cutaneous melanoma cell lines anestigating the role of SST
analogs, particularly the pan-SSTRs agonist (petsile), as potential
treatment in preclinical models of melanoma.
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Aim of the Thesis

The incidence of CMM increased over time and curteerapies produced
disappointing results because of intrinsic tumasistance and/or relapse due to
a progressive escape. Therefore, oncogenesis of GMbt to be better
addressed, in order to develop new treatment gteste

Melanocytes originate from neural crest and carmresgSSTRsS, suggesting a
neuroendocrine features for some subgroups of CMigkatou, E. et al. 2011,
de Bruin C. et al. 2009), as most of neuroendoctumors. Given the
neuroendocrine differentiation of some CMM, thesenars might be
responsive to treatment with SST analogs. Themaltitwo treat melanoma with
SST analogs, alone or in combination with BRAF inhibitor vemurafenib, is
based on the well-known evidence that both druggetahe MAPK pathway,
which has a critical role in melanoma developmemd g@rogression, thus
representing a primary therapeutic target. SSToaisalby binding SSTRea
interaction with Gi proteins, are able to inhibdeayl cyclase (AC) activity
and phosphatidylinositol metabolism, and to modulsliAPK pathway. This
process results in anti-secretive effects in endeccells, as well as in
increased apoptosis and inhibition of cell growilngodoropoulou M. et al.
2013.) On the other hand, vemurafenib is able fopmass the constitutive
activation of MAPK pathway in melanoma cells harbgrBRAF mutations.
Therefore, the current study aimed at:

1. better understanding the role of SST analogs arikRS$nin vitro models
of CMM;

2. evaluating the expression of SSTRs in four CMM tielts (A375, HMCB,
M14 and COLO38);

3. investigating then vitro effects of SST analogs pasireotide and octreotide,
alone or in combination with vemurafenib, on calbility, proliferation
and cell cycle.
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MATERIALS AND METHODS

3.1 Study methodology

In this study, we characterized the expression TR in four different
human melanoma cell lines: A375, HMCB M14 and COBOBhe gene and
protein expression and the intracellular localmatiof these receptors was
explored. In all cell lines we tested the dose taime-dependent effects of the
BRAF inhibitor (vemurafenib) and two SST analogsadjpeotide and
octreotide) on cell viability. The effects of thedrigs, alone or in combination
on cell proliferation and cell cycle were explored.

3.2 Cell Lines and Culture Conditions

The human melanoma cell lines A375 and HMCB werechmsed from
American Type Culture Collection ATTC (Manassas, ,VASA) and
COLO38 and M14 were kindly provided by Departmeifit @ncological
Immunology, Istituto Nazionale per lo Studio e laur& dei Tumori
"Fondazione Giovanni Pascale"-IRCCS-ITALIA, Naplégly. The HMCB
cells were maintained in Minimum Essential mediumd 4375, COLO38 and
M14 were cultured in Dulbecco’s Modified Eagle Maai (MEM D-MEM
GIBCO® Cell Culture Invitrogen.com) with non-essahtamino acids, 10%
Fetal bovine serum (FBS, Invitrogen Life TechnoésgiCarlsbad, CA, USA),
0,5 pg/ml amphotericin-B (Fungizone) (Invitrogen feLi Technologies,
Carlsbad, CA, USA) and 10 mM HEPES in a humidifiecuibator (37°C, 5%
CO2). Cells were grown in adherent monolayer, weassested with trypsin
(0.05 %) and resuspended culture medium. Cell viability always exceeded
95%. Media and supplements were obtained from Sididgich (Sigma-
Aldrich Customer Support St. Louis, MO United S$ate

3.3 Drugs and reagents

SST analog pasireotide (SOM230) was obtained byaMis Pharma AG
(Novartis, Basel, Switzerland). Octreotide was pased from Italfarmaco
(ITALFARMACO, Milano, Italy). Vemurafenib (PLX4032RG7204) was
acquired by Selleckchem (Selleckchem.com Houst@®®)U Pasireotide and
vemurafenib were diluted in cultuneedium before use. Both drugs were used
as a stock solution of 1nM (£®1) in sterile water, PBS and dimethyl sulfoxide
(DMSO) 100% respectively. Anti-SSTR1 was kindlpyided by Drs Herbert
Schmid of Novartis AG (Basel, Switzerland), SSTR&2Hmalizing antibody
(UMB1) was purchased from Epitomics (abcam Inc. Gadge, MA, USA)
and SSTR5- neutralizing antibody (UMB4) was obtdiby rabMAbs (abcam
Inc. Cambridge, MA, USA).
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3.4 RNA isolation and RT-gPCR

MRNA of melanoma cell lines, HMCB, A375, M14 and IGUB8 was
isolated by Dynabeads Oligo (gikit (Dynal AS, Oslo, Norway). The poly
(A") mRNA was eluted in O (65°C) for 2 minutes twice. Tweniy of
cDNA were obtained in a Tris buffer (50mM, Tris-H@h 8.3) containing
100 mM DTT and 10 nM MgGJ 10 units RNase inhibitor, 2 units avian
myelobastosis virus Super Reverse Transcriptag®m-dll (5 ng/ml) and 1
mM of each deoxinucleotide triphosphate in a fwaume of 40 pl. After
an incubation of 1 h at 42°C, the resulting cDNAswgently resuspended by
pipetting and 160 pl of sterile ;@ were added. cDNA was used for
guantification of mMRNA levels of all investigate@rges: B-actin, SSTR1,
SSTR2, SSTR3, SSTR5. The primer sequences are simoWable 1. All
primers were purchase from Eurogentec (Eurogentec,
Seraing Liége, Belgium). RT-gPCR was performed by using Syber Green
supermix (Maxima SYBR Green gPCR Master Mixes, MeerFisher
Scientific Inc. Waltham MA), iCicling iQ5 (Bio-RadLaboratories
Headquarters 1000 Alfred Nobel Drive Hercules, G#jd iCycler iQ
Optical System software 3.0 for real time amplifica, according to the
manufacturer’s protocol. PCRs were carried out final volume of 12ul,
containing 1M of primers, 1X Syber Green Mix andub of RT products.
Newly synthesized cDNAs were screened for the esgmwa of SSTR
subtypes (SSTR1, SSTR2, SSTR3 and SSTR5). RT-gP¢&ing
conditions: after an initial heating at 50°C and @ for 5 min, samples
were subjected to 40 cycles of denaturation (94frC1 min), annealing
(59° C for 2 min) and amplification (72° C for 1 mu Samples were
normalized against the expression of the housekgepgiene p-actin.
Reactions lacking reverse-transcriptase enzyme weeel as control for
genomic DNA contamination. Control reaction with@@NA was used to
confirm lack of exogenous DNA contamination.
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GENE PRIMERS

SSTR1 Forward 5-TGAGTCAGCTGTCGGTCATC-3
Reverse 5-ACACTGTAGGCACGGCTCTT-3

SSTR2 Forward 5-TCGGCCAAGTGGAGGAGAC-3’
Reverse 5-AGAGACTCCCCACACAGCCA-3

SSTR3 Forward 5-CTGGGTAACTCGCTGGTCATCTA-3’
Reverse 5-AGCGCCAGGTTGAGGATGTA-3

SSTR5 Forward 5'-CATCCTCTCCTACGCCAACAG-
31
Reverse 5'-GGAAGCTCTGGCGGAAGTT-3

Forward 5-AAACTGGAACGGTGAAGGTG-3’
B-actin Reverse 5TCAAGTTGGGGGACAAAAAG-3

Tab 1. Primer sequences of SSTR1, SSTR2, SSTR3, SSTRB-actih.

3.5 Immunocytochemistry (ICC)

The expression of SSTRs proteins in human melanoetlalines was
evaluated by ICC. Glass microslides were placedPatri dishes (BD
Falcol™ Dish 100 x10 mm) and were coated for 30 minute374€ with
poly-lysine. A375, HMCB, M14 and COLO38 melanomdievere plated
on top of the prepared microslides at subconflwemicentration. After 24
hours, medium was removed and cells were fixed wi#bo
paraformaldehyde and 0.2% picric acid in phospbatér, pH 6.9, for 40
minutes at room temperature (RT). After washin@BS, cells were treated
for 3 minutes with 50% methanol and for 3 minutathvt00% methanol.
After another wash (1X TRIS /HCL/Tween 0,5%), thedls were treated
with a 3% HO,—PBS solution for 15 minutes at RT in the dark temgch
endogenous peroxidase. After washing, cells wecebated at 4°C over
night (ON) with SSTR1, SSTR2 and SSTR5 monocloaatibodies
(respective dilutions: SSTR1-SSTR2 1:1500, SSTR&A.:in antibody
diluents (Biorbyt LLC, San Francisco, Californianitéd States). The day
after, the cells were incubated for 30 minutes & With HRP/anti-
Rabbit/Mouse (Dako, Denmark). Bound antibodies weisualized by
incubation with freshly prepared DAB (diaminobenagltetrahdrochloride)
(Dako, Denmark). Slides were counterstained witmdtexylin and
coverslipped. For negative controls, the primarybaaly was omitted. The
cells were observed under an inverted light fieidroscope (Leica DMIL)
and the images were captured at 40x magnificatith & Leica DFC 240
photo camera and LAS V 3.7 software.
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3.6 MTT cell viability assay

In A375, HMCB, M14 and COLO38 melanoma cells, thiects of
vemurafenib, octreotide and pasireotide on intohitof cell viability was
determined by MTT assay 3-(4,5 dimethylthiazol-R3/5-
diphenyltetrazolium) (Sigma-Aldrich Customer Sugp@&t. Louis, MO
United States) according to the protocol providgdhe manufacturer. Cells
were plated in 100 pul medium supplemented with 1BB& (complete
growth medium) in 96-well plates (8000 cells/welklls were incubated at
37° C in a humidified 5% C®atmosphere for 24 hours to allow full
adhesion. After 24 hours, the medium was changédserum-free medium
for 12 hours, in order to synchronize melanomasctll G1 phase of cell
cycle. After 48 hours from seeding, cells were tedaonce with serial
concentrations of vemurafenib (™ to 10°M) and daily with serial
concentrations of octreotide and pasireotide™iDto 10°M) in complete
medium. In brief, at the end of treatment (72 hput® pl of MTT solution
(MTT 5mg/ml in PBS) were added to each well andibated at 37°C for 1
hour. MTT is a yellowish solution and it is conwstto water insoluble
MTT-formazan of dark blue color by mitochondrial hgerogenases of
viable cells. The blue formazan crystals in veabélls were solubilized in
100 pl/well of MTT solvent (10% HCI 1N in Isopropylcohol). The
intensity of color in each well was quantified gical density (OD) at 570
nm wavelength using Victor multi-plate reader (\dicdX, Perkin Elmer,
Massachusetts, USA). The percentage of cell vighbifhhibition in drug-
treated cultured cells against the untreated cbioglls was calculated as
follow:

Inhibition (%): (drug-treated - untreated)/untrieal*100

The experiments were repeated three times, and egphriment was
performed in quadruplicate.

3.7 Measurement of total DNA content: DNA assay

A375 and M14 melanoma cells were harvested witlpsiry and 25000
cells/well were seeded in 1 ml of complete cultoredium (10% FBS) in
24-well plates. The plates were then placed inbator in 5% CQat 37°C.
After 24 hours, the complete medium was removed ted cells were
starved with 1 ml of serum-free medium for 12 houdier 48 hours from
seeding cells were treated once with vemurafenildaily with serial
concentrations of octreotide and pasireotide™iDto 10°M) in complete
medium for 72 hours. After 72 hours of treatmemte tmedium was
discarded and cells were harvested for DNA measemenMeasurement of
total DNA content, representative of the numbercells, was performed
using the bisbenzimide fluorescent dye (Hoechst58B2(Boehring
Diagnostics, La Jolla, CA), as previously descrilfed Martino MCet al
2012). Data are expressed as percent of the coifiinel experiments were
repeated three times and each experiment was pexdoin quadruplicate.
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3.8 Analysis of cell cycle by flow cytometry: FACS

Evaluation of A375 and M14 melanoma cell cycle rilisition was done
using flow cytometry. Cells were seeded in 6-wédit@s at density of 5 x
10* and 15 x 1bcells respectively for A375 and M14 cell lines. &ft24
hours, the complete medium was removed and the welte starved with 1
ml of serum-free medium for 12 hours. Cells wemntkreated for 24 hours
with vemurafenib, octreotide, pasireotide and almoation of vemurafenib
and pasireotide. At the end of treatment cells weneested and counted,
then washed in PBS and stained with 50pug/ml prapidiodide for 60 min
at RT. Possible double-stranded RNA was removethéybation with 0.1
mg/ml RNAse (Invitrogen Life Technologies, CarlshbaG@A, USA).
Untreated control cells were included. Flow cytametnalysis of the cell
cycle was carried out immediately after stainingll€ were analysed by
flow cytometry (FACScan, Becton Dickinson, San Jd3A, USA) using
the CyCLOPS Summit 3.1 (Cytomation, Fort CollinsO,CUSA).
Distribution of cells in the different cell cycldhases was evaluated by Mod
Fit 2.0 (Verity Software HOUSe INC., Ranger, ME, A)S Each
experiment was performed three times. Changes lincgele distribution
after treatment with drugs are shown as mean * S2lts in the different
cell cycle phases plotted.
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Results

4.1 Expression of SSTRs in human cutaneous melanoroall lines by RT-
gPCR

Relative quantification for SSTRs mRNAs compareth&p-actin housekeeping gene
expression, showed as meant SD ) was: SSTR1 32.5rid 33.7+2.7, SSTR2:
27+0.6 and 30.5%1.8, SSTR3: 31+2.9 and 34.4+1. TRSS 29+2 and 35.2+0.$-

actin: 15+0.9 and 18.2+1.2 in A375 and HMCB ce#spectively. In COLO38 and
M14 cell lines, the SSTR1 expression was 32.1+8d30.5+2, SSTR2: 27.5+£3.2 and
27.44+2.6, SSTRS3: 29.3+4.4 and 29.1+2.9, SSTR5:#3028and 30+2.5, respectively
(Fig.12).p-actin: 17.2+1.6 and 18.5+1.5 for M14 and COLO3B loges respectively.

SSTRs in Melanoma Cell lines
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Figure 12. RT-gPCR expression of SSTRs in melanoma cell I({#dCB, A375,
COLO38 and M14).Values represent mean and SEM gree gssayed in duplicate in
three independent experiments. Expression level moemalized against the
housekeeping gerfractin. All values are expressed as Log 10 scale.
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4.2 Protein expression of SSTRs in melanoma celhés by ICC

The protein expression and localization of SSTRayges were evaluated by ICC. In
particular, SSTR1, SSTR2 and SSTR5 expression a@#med in all melanoma cell
lines. A significant amount of staining was seerthimi the cytoplasm and in
perinuclear region in all melanoma cell line tes(éiy.13). SSTRs are localized
predominantly in cytoplasm at the condition testearticularly, a perinucear amount
of staining for SSTR2 in COLO38 cells and for SSTRHMCB and COLO38 cells
was detected. SSTR1 seems to be present with Rsipoisitivity in four melanoma
cell lines, the staining for SSTR2 is stronger iIMEB and COLO38 melanoma cells
than others two cell lines. SSTR5 is stronger iYAand M14 melanoma cells than
others two cell lines. The cells were scored basethe intensity of the staining. In
particular, a score of +++, ++, + and 0 was assldoe strong, moderate, mild and no
staining, respectively (Tab.2). (Gattodt.al 2013). As positive for STTR1, SSTR2
and SSTR5 control bronchial carcinoid H272 celld hapatocellular carcinoma were
used, respectively (Fig. 14). Negative control (Fx.

Cellline SSTR1 SSTR2 SSTR5
A375 ++ + +++
HMCB ++ ++ ++
COLO38 +++ + +
M14 +++ +++ +++

Table 2. ICC Score of melanoma cells based on the intertditgtaining. SSTR1:
A375 strong (+++), HMCB moderate (++), COLO38 sgdr++), M14 strong (+++);
SSTR2: A375 mild (+), HMCB moderate (++), COLO38adn({+), M14 strong (+++);

SSTR5: A375 strong (+++), HMCB moderate (++), COIBQ8ild (+), M14 strong
(+++).
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Figure 13. ICC for SSTR1, SSTR2 and SSTR5 in melanoma cedklii-4 SSTR1
in A375, HMCB, COLO38 and M14 cell lines; 5-8 SSTR2A375, HMCB, COLO38
and M14 cell lines; 9-12 SSTR5 in A375, HMCB, COL&énhd M14 cell lines.

Figure 14. ICC for SSTR1, SSTR2 in bronchial carcinoid (H72rd SSTRS5 in
hepatocellular carcinoma (HepG2) cell lines. 1-AB$and SSTR2 in H727 cell line.
3 SSTR5 in HepG2 cells. H727 and HepG2 cells weed as positive control for
SSTR1, SSTR2 and SSTR5 expression.

Figure 15.Negative control for SSTRs in A375, HMCB, COLO381avi14
melanoma cell lines by ICC (1-2-3-4). Negative cohtefers to control in which the
cells were incubated with antibody diluent, withthe primary antibody included.
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4.3 Effect of pasireotide on cell viability in melaoma cell lines

In melanoma cell lines, pasireotide showed differefiects on cell viability. In
particular, daily administration of pasireotide ilnited A375 and M14 viability at all
tested concentrations: a significant maximal irtfobi was achieved at T (41%
p<0.001 and 44% p<0.004 control for A375 and M14 cells, respectively) (Hig).
Conversely, in COLO38 and HMCB cell lines pasirdetishowed no effect on

viability inhibition (Fig.17).
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Figure 16. Inhibition of cell viability after 72 hours of dg incubation with serial

concentrations of pasireotide in A375 and M14 mataa cell lines. The histograms
show the percentage of viability inhibition relaito control cell viability measured
using MTT assay. The values represent the meant8Eluadruplicate of three

different experimentLontrol is set as 100%.
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Figure 17. Inhibition of cell viability after 72 hours of dailincubation with serial

concentrations of pasireotide in HMCB and COLO38lamema cell lines. The
histograms show the percentage of viability inldpitrelative to control cell viability

measured using MTT assay. The values represemh¢la@+SEM in quadruplicate of
three different experiments. Control is set as 100%
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4.4 Effect of octreotide on cell viability in melaloma cell lines

In melanoma cell lines, octreotide showed differeffiects on cell viability. In
particular, daily administration of octreotide ibttéd A375 viability: a significant
maximal inhibition was achieved at 9 (54.15% p<0.00¥ss control) after 72 hours
of treatment (IG, of 2.91*10"'M) In M14 cell line the highest inhibitory responsas
observed after 72 hours of daily administrationoofreotide 16M and IC 50 of
7.768*10"'M (Fig.18). Conversely, in COLO38 and HMCB celhds octreotide
showed no effect on viability inhibition at any tie tested drug concentrations
(Fig.19).
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Fig 18 Inhibition of cell viability after 72 hours of d@ incubation with serial

concentrations of octreotide in cutaneous melanoefiadines (A375 and M14). The
histograms show the percentage of viability inldpitrelative to control cell viability
measured using MTT assay. The values represemh¢la@+SEM in quadruplicate of
three different experiments. Control is set as 1.00%
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Figure 19 Inhibition of cell viability after 72 hours of dg incubation with serial

concentrations of octreotide in malignant melanaalalines (HMCB and COLO38).
The histograms show the percentage of viabilityibition relative to control cell

viability measured using MTT assay. The values espnt the meanzSEM in
guadruplicate of three different experiments. Calrigr set as 100%.
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4.5 Effect of vemurafenib on cell viability in melamoma cell lines

Vemurafenib showed different effects on cell vidpilin melanoma cell lines. (Fig.20
and Fig 21 .The graphs show the effects of vemaoilafm A375, M14, HMCB and
COLO38 melanoma cell lines). In particular, in A3%Z&ll line vemurafenib
significantly suppressed the cell viability in asdoand time-dependent manner. The
A375 cell viability is significantly inhibited ahe maximal concentration tested (10
®M) (55.52%, 65.52%, 82.89%, p< 0.00% control) after 24, 48 and 72 hours of
treatment respectively, with §gof 10°M at all time of treatment assayed. In HMCB
cell line, vemurafenib is able to significantly ibh cell viability at the maximal
concentration tested (fM) (44.31%, p<0.001, 37.16%, p<0.01, 36.05%, p<91
control) after 24, 48 and 72 hours of treatmenpeetvely, with IC50 of 9.2*18°M,
5%10"°M and 3.2*10"“M after the different times of treatment. In M14ldme the
highest inhibitory response was observed after @@ of treatment and with the
highest concentration of vemurafenib M), with a mean inhibition of viability of
29.97% (IC50 of 4.33*18M). In COLO38 cell line, the maximal inhibition afell
viability was achieved with 1M of vemurafenib (42.08%s control) after 48 hours
of treatment with IC50 of 1.33*1M. In M14 and COLO38 cell lines the inhibition
of cell viability observed after treatment with verafenib was not statistically
significant.
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Figure 20. Effect of vemurafenib on melanoma cell lines vidpi(A375, M14) by
MTT assay. Data are expressed as the percentagmmnfol and represent the
mean=SEM. The maximal significant inhibition wasigved with vemurafenib 19
(55.52%, 65.52%, 82.89%, p< 0.00% control in A375 cells). In M14 cell line
vemurafenib inhibited the cell viability only at 1@ (29.97%). Control is set as
100%. ***P<0.001, **P<0.01, *P<0.05.
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Figure 21. Effect of vemurafenib on melanoma cell lines viapi(HMCB and
COLO38) by MTT assay. Data are expressed as theemge of control and
represent the mean+SEM. In HMCB cell line, vemundfeis able to significantly
inhibit the cell viability with the maximal conceation tested (16 M) (44.31%,
p<0.001, 37.16%, p<0.01, 36.05%, p<Ou¥lcontrol) after 24, 48 and 72 hours of
treatment respectively. In COLO38 cell line, theximaal inhibition of cell viability
was achieved with 10M of vemurafenib (42.08%s control) after 48 hours of
treatment. Control is set as 100%. **P<0.001, *&P&l, *P<0.05.
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4.6 Effect of combined treatment with vemurafenib ad pasireotide on cell
viability in melanoma cell lines

Combined treatment with pasireotide and vemurafehdwed different effects on cell
viability of four melanoma cell lines. In particulan A375 cell line, the combined
treatment with vemurafenib and daily administratmnpasireotide for 72 hours of
treatment significantly inhibited the cell viabjlivs control (vemurafenib It +
pasireotide 18°M 36.3% p<0.001, vemurafenib # + pasireotide 1&'M 41.77%
p<0.001, vemurafenib 1 + pasireotide 1M 41.79% p>0.001, vemurafenib i

+ pasireotide 10M 27.62% p<0.01). Pasireotide I was able to significantly
inhibit the cell viability (29.97% p<0.00¢s control). The combined treatment with
vemurafenib and pasireotide showed a significappsession of cell viability at all
tested concentrations except for pasireotidéM0s vemurafenib 18M (vemurafenib
10® M + pasireotide 16° M 24.48% p<0.01, vemurafenib $® + pasireotide 18"

M 29.33% p<0.00lyemurafenib 18 M + pasireotide 1M 34.19% p<0.001) ands
pasireotide (pasireotide 1M vs vemurafenib 18 M + pasireotide 1& M 36.64%
p<0.001, pasireotide TOM vs vemurafenib 1® M + pasireotide 16" M 36.58%
p<0.001, pasireotide TOM vs vemurafenib 18 M + pasireotide 1 M 28.56%
p<0.001). In M14, HMCB and COLO38 melanoma celketin combined treatment
with vemurafenib and pasireotide induced only a enatk inhibition of cell viability
at all tested concentration. This inhibition didt,nbowever, exceeded 50% of the
control proliferation under any conditions (Fig.22)
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of control
guadruplicate. Control is set as 100%.
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Figure 22. Effect on melanoma cell lines viability (A375, M1@OL0O38 and HMCB)
after 72 hours of treatment with vemurafenib andineatide in combination (MTT
Assay). Pasireotide was administrated every data Biee expressed as the percentage

and represent the meantSEM of three edifit experiments in
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4.7 Effect of pasireotide on melanoma cell lines pliferation

The daily administration of pasireotide for 72 r®our melanoma cell lines A375 and
M14 was able to inhibit cell proliferation in a @esdependent manner. In A375 cells
the maximal significant inhibition of cell prolifation, was achieved with pasireotide
10'M and 10°M (18.32% and 20.57% p<0.05 control, respectively), as measured
by DNA assay( Fig.23). Also in M14 cells pasireetigignificantly suppressed cell
proliferation at the concentration of 1@ and 10°M (23.51% and 21.02% p<0.05
control, respectively) (Fig.24).
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Figure 23. Effect of daily administration of pasireotide f62 hours on melanoma cell
lines proliferation in A375 melanoma cells. Date axpressed as the percentage of
control and represent the mean+SEM. Control ieset00%. Images under the graph
represent A375 cells treated for 72 hours withad@oncentrations of pasireotide (10-
1% -10°M). The pictures are acquired at 10X magnification.
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Figure 24. Effect of daily administration of pasireotide f&2 hours on melanoma cell
lines proliferation in M14 melanoma cells. Data as@ressed as the percentage of
control and represent the mean+SEM. Control imset00%. Images under the graph
represent M14 cells treated for 72 hours with $edacentrations of pasireotide (10-
%M -10°M). The pictures are acquired at 10X magnification.
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4.8 Effect of octreotide on melanoma cell line prderation

In melanoma cell lines the SST analog octreotide riit show any effect on cell
proliferation. The cell proliferation of A375 and1IM melanoma cells line was not
inhibited by daily treatment with serial conceritratof octreotide (18°M-10°M) for
72 hours (Fig.25 and Fig.26)

A375

B
N O
T 9

100+

a o~
T T

N
q

% proliferation (DNA assay)

(@)
1

S oY o oM A oM
S e e

log [Octreotide] (M)

Figure 25, Effect of octreotide on A375 cell line prolifei@t by DNA assay. Data are
expressed as the percentage of control and reprisgemean+SEM of three different
experiments in quadruplicate. Control was set a®3%d0Olmages under the graph
represent A375 cells treated for 72 hours withasedncentrations of octreotide (10-
%M -10°M). The pictures are acquired at 10X magnification.
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Figure 26. Effect of octreotide on M14 cell line proliferati by DNA assay. Data are
expressed as the percentage of control and reprthgemean+SEM of three different
experiments in quadruplicate. Control was set a®3%d0Olmages under the graph
represent A375 cells treated for 72 hours withase@dncentrations of octreotide (10
%M -10°M). The pictures are acquired at 10X magnification.
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4.9 Effect of vemurafenib on melanoma cell lines pliferation

In melanoma cell lines, vemurafenib showed differeffiects on cell proliferation.
Treatment of A375 with vemurafenib for 72 hoursiaeld a significant inhibition of
cell proliferation with vemurafenib at ™, 10'M and 16°M (18.97%, 30.81% and
33.06%vs control p<0.001) as measured by DNA assay (Fig.2vM14 cell line

vemurafenib induced a inhibition of cell prolifémt only at 1M concentration
(15.26%vs control p<0.01) (Fig.28).
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Figure 27. Effect of vemurafenib on A375 cell line proliferai by DNA assay. Data
are expressed as the percentage of control andseagrthe meantSEM of three
different experiments in quadruplicate. Control veat as 100%. Images under the
graph represent A375 cells treated for 72 hoursh vgierial concentrations of
Vemurafenib (10°M -10°M). The pictures are acquired at 10X magnification.
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Figure 28 Effect of vemurafenib on M14 cell line prolifei@ by DNA assay. Data
are expressed as the percentage of control anéseyrthe mean+SEM of three
different experiments in quadruplicate. Control ve&$ as 100%. Images under the
graph represent M14 cells treated for 72 hours vgdrial concentrations of
Vemurafenib (10°M -10°M). The pictures are acquired at 10X magnification.
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4.9 Effect of combined treatment with vemurafenib ad pasireotide on
melanoma cell line proliferation

Combined treatment with pasireotide + vemurafemibrobt show additive effects on
cell proliferation, as measured by DNA assay, camgbado the single treatment with
each drug in A375 and M14 melanoma cell lines.(B®) In particular, the combined
treatment with vemurafenib and pasireotide adnenést daily, for 72 hours, was not
able to increase the inhibitory effect on melanambhproliferation in A375 and M14
cells compared to vemurafenib and pasireotide.hBsingle treatment and
combination of vemurafenib and pasireotide P¢) were only able to inhibit
significantly cell proliferation compared to cort(@3.16% p< 0.01, 39.76% p<0.01
and 16.22% p<0.0ds control for pasireotide, vemurafenib and vemurdien
pasireotide, respectively in A375 cells; 14.88% 08Q, 19.84% p<0.001 and 15.64%
p<0.001 vs control for vemurafenib, pasireotide and vemurdifem pasireotide,
respectively in M14 cells).
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Figure 29. Effect on melanoma cell lines proliferation (A3&&d M14) of 72 hours of
combined treatment with vemurafenib and pasireotiti@ concentration of M
(DNA Assay). Pasireotide was administrated every. dzata are expressed as the
percentage of control and represent the meantSEMtr@ is set as 100%. Images
under the graphs represent A375 and M14 cells c&sply, treated for 72 hours with
serial concentration of combined treatment with weafenib and pasireotide (in
control and pasireotide ™, DMSO was added as vehicle). The pictures are
acquired at 10X magnification.
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4.10 Analysis of cell cycle by FACS

To determine whether the observed effects on dalbity and proliferation were
elicited by gross changes in cell cycle progressioch as cell cycle phase blocks,
treated andintreated cells (A375 and M14) were stained witbpjafium iodide (PI)
following a 24 hours incubation with pasireotideywrafenib and the combination of
them. All drugs are used at the concentration GM.OThe staining with Pl offers an
instantaneous depiction of cell cycle. Flow cytameinalysis revealed that: in A375
cells, treatment with pasireotide induced a moaeratiuction of cells % in G2/M
phase compared to untreated cells after 24 hotreafment, vemurafenib induced an
increase of cells % in GO-G1 phase and the combindpsireotide and vemurafenib
treatment determinate a reduction of cells % insph& (Fig.30). In M14 cells,
treatment with pasireotide induced a moderate testuof cells % in G2/M phase,
vemurafenib strongly increase the cells % in GO-@aderate reduced the cells % in
G2/M and strongly reduced the cells in % S phas® dombined treatment with
pasireotide and vemurafenib induced a reductionetif % in G2/M and S pahases
(Fig.31). The following tables summarize the cetiglistribution of cells in cell cycle
phases after 24 hour of treatment with each comimuwTab.3 and Tab.4 for A375
and M14 cells, respectively). No big alterationstted cells cycle was detected after
treatment, but a strong decrease of the numbereaited cells suggest a anti-
proliferative effects of tested compounds.
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Figure 30. Analysis of A375 cell cycle by FACS. A375 cells ameated with
pasireotide, vemurafenib and pasireotide+vemurbafanidose of 18M for 24 hour.
M14 ells were stained with Propidium iodide (PIDs/ul).

A375 G0/G1 G2/M S

CTR 46.65 11.36 41.99
Pasireotide 47.06 9.01 43.93
Vemurafenib 56.89 18.05 25.07
Pas+Vem 62.42 11.05 26.54

Table 3. Table summarizes the relative distribution of AZells (%) in the different
phases of the cell cycle after 24 hours of treatméth pasireotide, vemurafenib and
pasireotide + vemurafenib. All tested drugs araiconcentration of 1.
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Figure 31. Analysis of M14 cell cycle by FACS. M14 cells weteated with
pasireotide, vemurafenib and pasireotide+vemurbafanidose of 18M for 24 hour.
M14 ells were stained with Propidium iodide (PID|@/pl).

M14 G0/G1 G2/M S

CTR 55.23 6.48 32.29
Pasireotide 57.26 5.33 37.42
Vemurafenib 84.36 3.58 12.07
Pas+Vem 67.55 5.83 26.62

Table 4. Table summarizes the relative distribution of MBI (%) in the different
phases of the cell cycle after 24 hours of treatmethh pasireotide, vemurafenib and
pasireotide + vemurafenib. All tested drugs aratconcentration of 10/.
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Discussion

This study shows that four different types of huncataneous melanoma cell
lines have different mMRNA and protein expressiotigoa of SSTRs. In two of
these cell lines, treatment with SST analogs, @adily pasireotide a multi-
ligand receptors, inhibits cell viability and prfeliation in a concentration-
dependent manner.

CMM remains a devastating disease with poor pragnakespitethe great
efforts to develop new treatments and to understia@anolecular mechanisms
underlying its oncogenesis and progression. Theianedurvival time for
patients with metastatic melanoma is 8-9 monthd,the 3-year-survival rate
is less than 15 percent (Balch C&t.al 2009). The incidence and mortality of
CMM, in contrast to many other tumor types, congsto increase worldwide.
Surgical resection remains the mainstay of therfgpylocalized disease,
whereas new treatment options are required for CNiMlecular targeted
therapies have been promisingly developed duriaddast years to improve the
response rate, to reduce the adverse effects amgityoand to overcome the
onset of resistance to the current antineoplaséapies. The understanding of
the driven genetic aberrations in melanoma hasvatiothe development of
new treatment approach for patients with this nmalicy. Nevertheless these
molecular targeted therapies are predicted to fextefe only in a subset of
patients, that are generally those presenting gpeogriate alteration in the
molecular targets and not presenting any activatedhanism of resistance
(Arnedos M.et al 2014). Additionally after a certain time, alsspensive
patients can develop resistance, rising the reopginé of new alternative
therapeutic strategies. In the field of new theuwdipe approaches, the
introduction of SST analogs represents an attragberspective because of
SST ability to control hormonal secretion and imhilprogression in
neuroendocrine tumors (Ruscica &.al. 2013). The expression of membrane
receptors in several tumors represent an integestption for target therapy
also because these receptors after ligand bindingoe internalized thus they
can carry into tumor cells radionuclide-conjugated chemotherapeutic-
conjugated ligands. The use of radionuclides-catpd) SST analogs in
patients with neuroendocrine tumors testify the @il SSTRs in diagnosis and
treatment of human neoplasia. The role of SSTRautaneous melanoma has
been scantily described. Indeed only few studieduated SSTRs expression
in human samples, the role of radionuclides-corp@)&ST scintigraphy and
SST analog treatment in melanoma. Octreotide nwscally developed SST
analog, has an higher affinity for SSTR2. SSTR2hbsindantly expressed in
cutaneous melanoma as well as in other tumor typdsding neuroendocrine
tumors (Hofland L. and S.W. Lamberts. 2001, Lume$ 8l 2001). Lum SSet
al. showed by RT-PCR and Southern blotting that SSZR14-5 are
expressed in 96%, 83%, 61%, 57% and 9%, respegtivel malignant
melanoma biopsies from 17 patients. Moreover, theyonstrated that-in-
Pentetreotide scintigraphy (OctreoScan) was ab$ei¢cessfully image 63% of
melanomas in a subgroup of evaluated patients. rllougp to Martinez Alonso
et al, SSTR2 mRNA is the predominant SSTR mMRNA expissel8 skin
melanoma cell lines including 4 primary tumor-dedvand 14 metastatic
tumors-derived (12 cutaneous and subcutaneous aisg¢&al). They observed
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that all melanoma cell lines express the mRNA ofeasst one of the four
SSTRs. The majority of cell lines express at thghbst levels SSTR2,
followed by SSTR1, SSTR3 and SSTR5. The currentlystconfirms by
relative mRNA quantification of SSTRs, that SSTRZhe highest expressed
SSTR subtype in four melanoma cell lines (A375, HBA®14 and COLO38).
However, the relative expression of the other S&Mestigated was different
compared with previous reports being mRNA levels ®6TR5 and SSTR3
higher than SSTR1 in three of the four evaluatddlioes. Taking in account
that the melanoma cell lines tested in our studydsfiferent from those used in
the above motioned studies, these results suppwt existence of an
heterogeneous expression of SSTRs in CMM. In dll loges the protein
expression of SSTR1, SSTR2 and SSTR5 was confiope@C. Few data are
available about SSTRs protein expression in uvedhnoma. Valsecchi ME.
et al. demonstrated that 46% of patients with uveal nwfan (14 of 30
patients) were positive by Octreoscan. IHC wasqueréd on 10 Octreoscan-
positive patients. All of them expressed SSTR2ahother series of uveal
melanoma the expression of SSTRs observed by 1€ ,60%, 92%, 28% and
52% for SSTR2A, SSTR2B, SSTR3 and SSTR5, respégtivalditionally
patients presenting an high SSTR2 protein expresiggels had a better
survival compared to those with low levels, suggesthat SSTR2 protein
expression could be useful as marker of prognasidjgmand N.et al). To
our knowledge the current study is the first repmrtthe SSTR1, 2 and 5
protein expressionin preclinical model CMM. The evaluation of protei
expression by ICC is interesting because it alggeasts the protein subcellular
localization. The present study suggests thateattmdition tested, SSTRs are
predominantly expressed in cytoplasm. SSTRs are brem-associated
receptors but SSTR-ligand complexes undergo celluternalization with
progressive translocation from the cytoplasm tortheleus (C.A. Horniclet
al. 2000, D.D. Klisovicet al 2001, J.C. Reul®st al. 2001). Renzo Cescatt
al. evaluated by IHC the SSTR2, SSTR3 and SSTR5 teceygernalization
after agonist or antagonist treatment (R. Cesetatal 2006). They observed
that SSTR2 and SSTRS3, in untreated cells (HEK 298nan embryonic
kidney) are localized exclusively to the cell sada Conversely, even in
untreated cells SSTR5 is not only localized to -safface but also in
intracellular perinuclear and cytoplasmatic regioRarthermore, their study
showed that SSTR2 and SSTR3 agonists, but not SSdMR SSTR3
antagonists, can trigger receptor internalizatibhe authors suggested that
SSTR5 intracellular distribution might depend bg particular trafficking.
Indeed SSTR5 might either not be internalized ulpgend binding, either it
might undergo to a rapid recycling after internatlian as result of a massive
recruitment to the cell surface from an intracallUbSTRS5 reserve pool (Stroh
T. et al 2000). Therefore, it is possible to speculat¢ ithantreated melanoma
cell lines SSTRs are localized predominantly iropldasmatic region, but that
at least partially after SST analogs stimulatidtveyt might be recruited to the
plasma membrane. To confirm this hypothesis wediketting experiments are
ongoing (data not shown). Preliminary results shdlmat SSTR5 might be
recruited to plasma membrane upon pasireotide tgnduggesting that the
different trafficking of SSTR2 and 5 might explaithe stronger
antiproliferative effects observed with pasireottdenpared to octreotide in the
two responsive melanoma cell lines. These resultsharify the different sub-
cellular distribution of SSTRs before and after S&dalogs stimulation.
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Additionally, to detect SSTR subtypes position ime tdifferent cellular
compartments in melanoma cells, confocal and eeatnicroscopy has also
been planned. Tejeda Mt al demonstrated that TT-232, a SST analog with
high affinity for SSTR1 and SSTR4, had an anti-pechtive effects (tumor
growth inhibition and survival time prolongation) B-16 rodent melanoma
and in HT-18 human lymphoid melanoma xenograft neodéchwab RE at al.
also tested the anti-proliferative efficacy of T322in human melanoma cell
lines and tumors. They investigated the effect fZB2 in seven melanoma
cell lines and two xenograft CB17-SCID mice. T-28&ongly inhibited
proliferation of all cell linesin vitro and tumor viabilityin vivo. Martinez-
Alonsoet al investigated the effect of SST analogs, octreosidd pasireotide,
in 18 primary and metastatic human cutaneous meiancell lines. Both of
the SST analogs inhibited melanoma cell proliferatin a concentration-
dependent manner. Both SST analogs induced onlpderate inhibition of
melanoma cell viability (maximal inhibition obsedvavith 10°M after 3 days
of treatment: 19.85% and 18.55% control, respectively). In the present
study, the four melanoma cell lines used had awfft sensitivity to the two
SST analogs tested. Octreotide is a synthetic S&ilog@ with high binding
affinity for SSTR2. Although SSTR2 was the mostregged SSTR subtype at
MRNA level and it was clearly expressed also atgamdevel in all cell lines
tested, octreotide inhibited cell viability only iA375 and M14 cells. The
maximal significant inhibition was achieved with M (54.15% p<0.001 and
24.32% p<0.01vs control; 1G2.9*10*M and 7.7 13'M, respectively).
Octreotide did not inhibited cell proliferation the four melanoma cell lines
used. Pasireotide is a novel multireceptor SSTagnathich binds with high
affinity to all SSTRs except to SSTR4 (Weckbeckeetzal 2002). In contrast
to octreotide, pasireotide exhibits particularlgtisubnanomolar affinity to
SSTR5 (Ma P.et al 2005). Pasireotide significantly inhibited, indmse
dependent-manner, viability and proliferation inotwunelanoma cell lines
(A375 and M14). Both these cell lines presentettang protein expression of
SSTR5. Conversely, pasireotide did not have argceffin two melanoma cell
lines (HMCB and COLO38) that had weak SSTR5 pro&ipression. These
results suggest that pasiretotide might at leagtan exerts is action through
SSTR5 binding and that strong protein expressionS&TR5 could be
predictive of response to this drug in human cutasemelanoma cells. These
results are in agreement with previous reports shggest that pasireotide has
stronger antisecretive and antiproliferative eetban octreotide in cells and
tissues that express SSTR5 other than the SSTR2larateptor subtype
(Schmid HA. 2007). This is also in line with thefdrent affinity profile of
pasireotide and octreotide for the various SSTRb [{).
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Einding affinities of somatostatin, octreotide and pasirentide for the five sst receptor sublypes (ssty_s) (Bruns et al., 2002; Schmid and Schoefiler, 2004)

Compound ] sl sl sl sl
Somatostatin (SRIF-14) 093 013 036 130 0.9
Octreatide 1800 034 710 =100 630
Pusircafide 93 10 L3 21000 016
Octreotide/pasirentide 0 04 5 - 40

Results are 105y values (nmol/L).

Table 5. Relative binding affinity of SST analogs for theef SSTRs.

Additionally pasireotide might be stronger thanreatide because trafficking
of SSTRs upon octreotide and pasireotide stimulasibongly differ (Cescato
R. 2006). Some studies have suggested that Ocleeatiduces rapid

internalization of SSTR2 and subsequent R-arreltiling and receptor
degradation into endocytic vesicles potentially edeining receptor

desensitization (Poll Fet al 2010, Hipkin RW.et al 1997). Pasireotide
induces the recruitment of a functionally distipobls of 3-arrestin that bind to
SSTR2 in unstable R-arrestin-SSTR2 complexes. Qoestly, SSTR2

recycles rapidly to the plasma membrane after eriders in pasireotide-
treated cells, but not in octreotide-treated céllsmpounds with high affinity
to both SSTR2 and SSTRS5, show distinct internabmnaproperties at these 2
receptors: a strong SSTR2 internalization and rapaycling but no SSTR5
internalization (Cescato R. 2006).

In both responsive melanoma cell lines the maxsmlificant inhibition, with
daily administration of pasireotide was achievethwiO’M (about 40% for
viability and 20% for proliferation). The kgof pasireotide was 8.3*16M
and 5.16 *13°M in A375 and M14 cells respectively that are wittiie range
of tolerability, as determined in clinical trialsCifiax about 10M)
(Beglinger C.et al. 2012). The effects of pasireotide on cell vidbibbserved
at the tested condition were stronger than thectsffen cell proliferation. In
melanoma cell lines the different effects of octig® and pasireotide on cell
viability (measuring metabolic activity of cellshé proliferation (measuring
the effective number of cells) could depend by difeerent techniques used
and by the fact that the inhibition of metabolidity is a precocious event
that could precede the inhibition of cell prolifeoa.

Preliminary results of the FACS analysis suggest tihhe antiproliferative
effects of pasireotide in A375 and M14 could atstea part depend by an
inhibition of cell cycle.

Vemurafenib, a selectivBRAF V600 mutant kinase inhibitor, was approved
by FDA in August 2011 based on the BRIM3 Phasestlidy showing
improved clinical outcomes compared to dacarbaf{Dleapman PBet al
2011. 2012). The objective response rate for vefenita was 48% after five
months and an overall survival of 84% after six thenlt represents a major
breakthrough in targeted therapeutics of advancemoma. Unfortunately,
the benefit of this agent is limited by the frequand rapid onset of resistance.
Multiple mechanisms of resistance have been dextrimcluding elevated
expression of the kinase CRAF (Montagute€al 2008), activating mutations
in N-RAS, MEK1, or AKT1 (Nazarian Ret al 2010, Wagle Net al 2011, Lo
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RS. 2012) aberrant splicing BRAF (Poulikakos Plet al 2011), activation of
phosphatidylinositol-3-OH kinase (P13K) via thedasf PTEN (Paraiso KHet
al. 2011), and persistent activation of receptor dyre kinases, including
platelet-derived growth factor receptor b (PDGFRiulin-like growth factor
IR (IGF-IR), and EGF receptor (EGFR) (Villanuevatal 2010, Girotti MR.
et al 2013). Since these mechanisms of resistance twtmerapy have been
reported, recent therapeutics efforts have focuseadincreasing MAPK
inhibition trough combined therapies. The RAS/RAEKIERK signaling
pathway is central to the pathogenesis of cutanemlanoma (McCubreyet
al. 2007) and for this reason it represents a printheyapeutic target. SST
analogs also could exert their anti-proliferatiféeets by modulating MAPK
signaling (Theodoropoulou Met al 2013). Investigating the function of each
SSTR in several tumor types has provided a wedliinformation about the
common but also distinct signaling cascades thaiprass tumor cell
proliferation, survival and angiogenesis, this dev the rationale for
developing multi-receptor-targeted SST and commmnatwith signaling
targeted agents such BRAF inhibitors. Vemurafenib significantly inhibited
A375 cell viability and proliferation in a time amtbse dependent manner.
These results are consistent with the well docueteBRAF V600E mutation
in A375 melanoma cell line. In HMCB twenty-four hsutreatment with
vemurafenib significantly affected cell viability maximal concentration, but
this effect was lost with time. In agreement witle\pous reports melanoma
cells with wild-typeBRAFare not responsive to vemurafenib (Poulikako®fI.
al 2010, Hatzivassiliou Get al 2010). At condition tested Vemurafenib did
not significantly inhibit cell viability and cell rpliferation in M14 and
COLO38. The genetic background and potential nanatiother than BRAF
may affect the response to these drugs.

In A375 the combined treatment with vemurafenib grakireotide had

significant additive effects on cell viability bnbt on cell proliferation. In M14

combined treatment with vemurafenib and pasireotidel no significant

additive effects on cell viability and cell proliggion. In HMCB and COLO38

combined treatment with vemurafenib and pasireotidel no significant

additive effects on cell viability while cell prédiration was not investigated. In
pasireotide sensitive cells (A375 and M14), the losadditivity may be due to
the activation of escape pathways and/or to theklty of vemurafenib to

affect the SSTRs trafficking.

Taking together, the results of the current studyeha potential translational
value since the expression of SSTRs might indittagepotential use of SST
analogs, radio-labeled SST analogs, SST analogsjugaie with
chemotherapic agents and SSTR scintigraphy in greagement of a subset of
patients with CMM. This study encourages furtheidss to better define the
role of SST pathway in diagnosis, prognosis andpatential target for
treatment in human CMM.
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Conclusion

Our data provide evidence for SSTRs expression MMCsupporting the
hypothesis that this tumor might have some neuroaimnke features. The pan-
SSTRs agonist pasireotide significantly inhibitl e&bility and proliferation
in two human CMM cell lines (A375 and M14), withegter effects as
compared to octreotide. These data suggest that é&falogs, particularly
pasireotide, may have a role in the treatment tepts with CMM. The cell
lines responding to pasireotide present a highetepr expression of SSTR5,
suggesting that strong SSTR5 protein expressioridcbe predictive of
responsiveness to this drug in CMM. Three day-tneat with vemurafenib
significantly inhibits cell viability and cell prdération only in one CMM cell
line (A375) with a well characterizeBRAF mutation. Combined treatment
with vemurafenib and pasireotide do not have adslitnhibitory effects in
most of cases, suggesting that the combinatiorhedet treatments does not
give major advantages.

This study has a potential translational value esitiee expression of SSTRs
might indicate the potential use of SST analogdiortabeled SST analogs,
SST analogs conjugate with chemotherapic agentsS&¥R scintigraphy in

the management of a subset of patients with CMMes€&hresults encourage
further studies to better define the role of SSThyway in diagnosis and

prognosis, and as potential target for treatmehuman CMM.
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