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ABBREVIATIONS

Abbreviations

AJCC: American Joint Committee on Cancer

ALM : acral lentiginous melanoma

AOCD: American Osteopathic College of Dermatology
BAC: bacterial artificial chromosome

BRAF: v-raf murine sarcoma viral oncogene homolog B1
CAV1: caveolin 1

CCND1: cyclin D1

CDK: cyclin dependent kinase

CFS: common fragile site

CGH: comparative genome hybridization

ClI: confidence interval

CNI: copy number index

CSD: chronically sun-damaged

DAPI: diaminofenilindol

del: deletion

DGV: Database of Genomic Variants

DTIC: dacarbazine

ECL: enhanced chemiluminescence

EDTA: ethylenediaminetetraacetic acid

EU-12 members of the European Union after 2004
EU-15. members of the European Union before 2004
EU-27: all the members of the European Union

FDR: false discovery rate

FFPE: formalin-fixed paraffin-embedded

FISH: fluorescencén situ hybridization

GAPDH: glyceraldehyde 3-phosphate dehydrogenase
ha: high level amplification

HRP: horseradish peroxidase

IHC : immunohistochemistry

KCI: potassium chloride

KIT : v-kit Hardy-Zuckerman 4 feline sarcoma viral ogene homolog

la: low level amplification



ABBREVIATIONS

LMM : lentigo maligna melanoma

LN: lymph node

MM : malignant melanoma

nd: no data available

NM: nodular melanoma

NRAS: neuroblastoma RAS viral (v-ras) oncogene homolog
MDB: WHO European mortality database
PBS phosphate buffered saline

PVDF: polyvinylidene difluoride

OD: optical density

OR: odds ratio

gRT-PCR: quantitative reverse-transcription polymerasarcheaction
RGP: radial growth phase

RIPA: Radio-Immunoprecipitation Assay
ROC: receiver operating characteristic

RT: room temperature

SCC. squamous cell carcinoma

SCID: severe combined immunodeficiency
SD: standard deviation

SDR: standardized mortality rate

SNP: single nucleotide polymorphism
SSM: superficial spreading melanoma
TES: testin,; testis derived transcript

TMA : tissue microarray

TNM : tumor — lymph node — metastasis
TSG: tumor suppressor gene

UCSC. University of California, San Francisco
UV: ultraviolet

UVA and UVB: ultraviolet A and B

VGP: vertical growth phase

WB: western blot

WHO: World Health Organization

WT : wild type



INTRODUCTION

Introduction

Malignant neoplasms are the second on the listeaflihg causes of death worldwide
following closely the cardiovascular diseases. Adowm to the Eurostat regional yearbook
2011, Hungary is at the first place among the EUs28ed on the death rate caused by
cancers, preceding Poland and the Czech RepuljlicMdlignant melanoma is one of the
most aggressive skin cancer with a constantly asing incidence worldwide [2]. According
to the AOCD (American Osteopathic College of Dewt@gy, dermatologic disease database,
2012) statistics, the rate of this increment israpnately 5% every year. Featuring serious
public health issues, the high mortality of theedise is primarily due to the resistance to
chemotherapy and aggressive metastatic capacitynelanomas. Therefore, the early
recognition and the exact diagnosis are of grepbmance in the disease outcome. Data from
the World Health Organization (WHO) European MoatyaDatabase 2013 show that the
standardized melanoma mortality rate (SDR) of Hupgmabove the European Union (EU)
average (Figure 1). Furthermore, a mild increaselm shown in the last 30 years mainly
among the more than 40-year-old males [3]. Sinyilewl other tumor types, accumulation of
several genetic and genomic alterations can bergdx$en melanoma development and
progression. Detailed understanding of the molechickground of tumor initiation and
progression may help us to develop new therapeatiproaches beside the deeper

understanding of the causes of aggressive beh@ior

SDR, malignant melanoma, per 100.000
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Figure 1. Standardized melanoma death rates in Hungary comgp@a the EU and the
European region in the last 30 years [3].



INTRODUCTION

Our research group has a more than 15-year experi@ the analyses of molecular
alterations of malignant melanomas. We use statbestirt molecular biologic techniques to
understand the associations between the geneti@tiins and gene expression changes of
primary tumors and the clinical behavior of melaagmBecause the most patients suffering
from melanoma die due to the metastatic progredgerahan the primary tumor itself,

examination of the background of metastasis foronat extremely important [5].

In my doctoral thesis | used several kinds of mal@cbiologic methods, such as FISH
(fluorescencein situ hybridization), real-time quantitative RT-PCR (¢HRTCR), tissue
microarray with immunohistochemistry, western béotd mutation analysis techniques to
examine the genetic alterations and gene expresh@mges of human malignant melanomas.
Interphase FISH was applied to determine the capyber alterations of 7g31 locus and
cyclin D1 (CCND1) oncogene at the single cell levé@hgMan gRT-PCR approach,
immunohistochemistry and western blot were usetktermine the mRNA and protein levels
of testin (TES), caveolin 1 (CAV1) and CCND1 genEmally, we determined the v-raf
murine sarcoma viral oncogene homolog B1 (BRAF) aadroblastoma RAS viral (v-ras)
oncogene homolog (NRAS) mutation states by applgfCR based technique with melting
curve analysis. Alterations were correlated witle ttlinical-pathological parameters of

primary tumors.



BACKGROUND

Background

Human malignant melanoma

Malignant melanoma, originated from melanocytesassidered one of the most aggressive
skin cancers, being responsible for approximat@86 2f all cases [6]. Being the most life-
threatening neoplasm of skin melanoma is respam$iinlalmost all skin cancer deaths [7, 8].
Primary melanomas are characterized by an aggeeasiy heterogeneous phenotype. Despite
the intensive research has been employed to shislylisease, melanoma prognostication is
still under question. Transformed melanocytes Ugualaintain their pigment production
ability, causing brownish lesions on the skin. Hoere in some cases, melanoma cells lose
their ability to produce melanin during malignararisition [9]. Melanoma development and
progression can be divided into morphologically &mogically different phases (Figure 2)
[10, 11]:

1. Typical nevus: congenital or newly developed, ymmetrical nevus

2. Dysplastic nevus: morphologically changed, atypr=alus

3. In situ melanoma: noninvasive, the malignant tumor id sthfined to the upper
layers of the epidermis

4. Radial growth phase (RGP): radially growing lesmmthe epidermal surface with
microinvasion into the dermis

5. Vertical growth phase (VGP): vertically growingil@s into the deeper tissues

6. Metastatic melanoma: lesion forming local and/ataht organ metastases
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Figure 2. Possible biologic steps of the evolution and peegion of malignant melanoma.
[previously unpublished figure]



BACKGROUND

Most melanomas develage novo(ranged from 70% to 90%) [12]. The first step umbr
genesis is the unbalanced ratio of keratinocyteametanocytes. This phenomenon promotes
the latter cell type following hyper- and dysplasfamelanocytes, which creates a precursor
lesion. The process leads directly towards the agpee ofin situ melanomas in the upper
layer of the epidermis and radial growth phase wmibroinvasion to the dermis. During the
vertical growth phase, melanoma cells widely pextetinto the dermis and dermal adipose
tissue. RGP — VGP transition is thought to be teg ktep of the development of an
aggressive melanoma with metastatic potential. &fbeg, the thickness of primary tumor is
considered to be the most important parameter dédmoena prognostication [13, 14]. While
the behavior of RGP melanoma cells is usually grileed by the exogenous growth factors of
surrounding cells, and do not form tumor in immuradent mice [15], VGP melanoma cells
are not dependent from the neighboring keratinacwed fibrocytes, developing a growth
factor- and anchor-independent growth. Melanomébs eelvertical growth phase are able to
induce tumor formation in immundeficient mice, afghtures an aggressive metastatic

behavior both in human and animal models [10].

Melanoma etiology and the main risk factors

Malignant melanoma features multifactorial etiolagyd arises through the interplay of both
genetic and environmental factors [16]. Owing te thtensive research in the last decades,
several risk factors have been revealed as impogbasgenous or endogenous factor for the
development of malignant melanoma. Exogenous factoclude the ultraviolet (UV)
exposure, rising constantly due to the ozone depleind usage of tanning beds and the
multiple sunburns in a lifetime. Endogenous faciadude errors in natural photoprotection
and DNA damage repair mechanisms, photosensitivgsdaind cosmetic ingredients, a family
history or DNA polymorphisms and somatic mutati¢phg, 18]. Acute sun exposure leading
to sunburn plays a crucial and supporting role mstrmelanoma tumors, and is correlated
with the fair-skinned population. Such exposuresindu childhood may be particularly
important [18, 19]. The environmental human cargem present in sunlight is the ultraviolet
(UV) irradiation, mainly the short-wavelength UVR80-320 nm) component. UVA (320-
400 nm) has a smaller contribution to melanoma gjerj&, 20]. The intensive solar radiation
increases direct photon (UVB) absorption by DNAtbé epidermal cells causing direct
damage of the molecule, which ultimately leadshi® development of skin cancer. Cellular
repair mechanisms usually correct these photoinguctamages of DNA, but the incorrect

repair results in formation and the accumulation geihe alterations leading to tumor

9



BACKGROUND

development [7]. In contrast to UVB, UVA rays paa& more deeply into the skin, reaching
also the basal layer of the epidermis and dernbablilasts. UVA has an indirect effect on
DNA and primarily causes oxidative damage of thdemue which is potentially mutagenic
[7, 20]. However, sunburn damage is more dangettoars the chronic sun exposure. There
are epidemiologic evidences that more than fivebsums in a lifetime can cause a
significantly higher risk for melanoma [18]. Besitlee natural UV radiation, the usage of
artificial sources such as popular tanning bedssmtariums causes a 1.2 to 4.7 times higher
annual dose of UVA radiation than is received diyerom the sun [7]. Several studies
conducted in the last 10 years show that people hdgan using tanning devices before 30-
35 years of age were 75% more likely to developamaina [17, 21].

In addition to UV exposure, heritable traits suah skin, hair and eye color, the
presence of large numbers of nevi (benign, atymcaiant congenital), and familial history
of melanoma with at least 3 affected relatives as® important risk factors for disease
development [18, 22]. Owing to the last years’ agiee research about the molecular aspects
of melanoma development and progression, a sepahnafger is devoted to summarize the
current knowledge about this topic.

Subsequent to the development and recognitioneoflibease, prognosis depends on
the Breslow thickness, tumor surface ulcerationniper of infiltrated lymph nodes and
infiltration rate (micro- or macro metastasis). IBrged survival and successful therapies are

usually more characteristic of women [23-25].

Major histological subtypes and distinct clinical-mthological manifestations

of invasive melanomas
More than forty years ago, the current WHO cliniaall histological classification scheme
was described for cutaneous melanoma distinguidbungmain subtypes [19, 26, 27]:

1. superficial spreading melanoma (SSM)

2. lentigo maligna melanoma (LMM)
3. nodular melanoma (NM)
4

. acral lentiginous melanoma (ALM)

Despite the tweaks to the classification schemesetbasic findings form the foundation for
melanoma diagnosis and staging today [28]. SSMhesnbost common subtype responsible

for approximately 75% of all melanoma cases. Itofsen derived from nevus as an

10
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asymmetric edged and variegated colored lesionhwipiows superficially. The second most

frequent subtype is NM (10% - 20% of melanoma pésjewhere the often amelanotic tumor
cells immediately grow vertically, forming a morggaessive lesion with higher metastatic
frequency. Because the tumor pigmentation and edgebe smoothed, it is easy to mix up
with other skin diseases such as basal cell car@nseborrheic keratosis or benign nevus.
The slowly growing LMM frequently occurrs on skirposed to chronic solar radiation such

as face, and shows a direct correlation with UMataoh. This subtype is the most typical in

the elder age groups. Finally, ALM, which is the sh@ommon subtype of cutaneous

melanoma among the non-Caucasian population, develo the skin of palm and sole, under
the nails or perhaps on the genital and oral mucbse to its localization, ALM is often

recognized in a later stage causing a worse pragnos

Besides the classic subdivision, nowadays, andtieeme is emerging based on the
molecular characteristics of tumors [19, 29-31].isThcheme distinguishes two types of
melanoma on non-glabrous skin: 1.) melanomas orchomnically sun-damaged skin (non-
CSD) with frequent BRAF mutations, along with tlesd of chromosome 10q (including
PTEN) and no KIT (v-kit Hardy-Zuckerman 4 felinersama viral oncogene homolog)
mutations or mutations in the NRAS gene alone, andmelanomas on CSD skin with
infrequent BRAF mutations and KIT mutations in appmately 20%. Melanomas
developing on glabrous skin or under the nails veeresidered as acral melanomas based on
the genetic features such as oncogene amplificaaad mutations or amplification of KIT in
40% of cases. Finally, mucosal melanomas, despipeessing frequent alterations of KIT
similarly to the acral subtype, were proposed a&e@arate entity based on the patterns of

chromosomal aberrations.

Classification of cutaneous melanoma, the TNM stagg system (AJCC ¥
edition)

Considering the main factors which influence turposgnosis, a new and uniform staging
system, the TNM (tumor - lymph node - metastasysjesn was established in January 2002
based on the recommendations of a number of irttena organizations [32]. The main
advantage of this classification method is theouhiction of sentinel lymph node biopsy
which reduces the radical, much disputed and oftemecessary removal of local lymph

nodes to prevent metastasis formation. TNM clas#ifin has been changed several times

11
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since its introduction [23, 24]. Its main principleaegarding melanoma, are summarized in

Table 1 and 2.

Table 1. TNM staging for cutaneous melanoma [23]

Primary tumor (T)
Classification Thickness (mm)

Tis NA

T1 <1.0

T2 1.01-2.00
T3 2.01-4.00
T4 >4.00

Ulceration status / mitoses
NA
a: Without ulceration and mitosis <1/mm
b: With ulceration and mitosis1/mn?
a: Without ulceration
b: With ulceration
a: Without ulceration
b: With ulceration
a: Without ulceration
b: With ulceration

Regional nodes (N)
Classification No. of metastatic nodes

NO 0
N1 1
N2 2-3

Nodal metastatic burden

NA

a. Micrometastagis

b. Macrometastagis

a. Micrometastasis

b. Macrometastasis

c. In-transit metastases/satellites without

metastatic nodes

4+ metastatic nodes, or matted
N3 nodes, or in-transit metastases/
satellites with metastatic nodes

Distant metastases (M)

Classification Site
MO No distant metastases
Distant skin, subcutaneous, or
Mla
nodal metastases
M1b Lung metastases
M1c® All other visceral metastases

Any distant metastases

Serum LDH
NA

Normal

Normal
Normal
Elevated

Abbreviations: NA = not applicable; LDH = lactatelydrogenase; Tisin situmelanoma
%diagnosed after sentinel lymph node biopSgiefined as clinically detectable nodal
metastases confirmed pathologicalfgatients with metastases to any other non-pulmonary
visceral metastasis or any distant metastasisdimagjuung with elevated serum LDH.

12
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Table 2. Anatomic stage groupings for cutaneous melanori [2

Clinical staging’ Pathologic staging
T N M T N M

0 Tis NO MO 0 pTis NO MO
IA Tla NO MO IA pTla NO MO
IB T1b NO MO IB pT1lb NO MO

T2a NO MO pT2a NO MO
A T2b NO MO A pT2b NO MO

T3a NO MO pT3a NO MO
1B T3b NO MO 1B pT3b NO MO

T4a NO MO pT4a NO MO
lIC T4b NO MO [ pT4b NO MO
Il Any T N > NO MO A pTl-4a Nla MO

pTl-4a N2a MO
B pT1-4b Nla MO
pT1-4b N2a MO
pT1l-4a N1b MO
pTl-4a N2b MO
pT1l-4a N2c MO
nc pT1l-4b N1b MO
pT1-4b N2b MO
pT1-4b N2c MO
Any pT N3 MO
\Y Any T Any N M1 \Y AnypT AnyN M1

Abbreviations: Tis =#n situ melanoma

4ncludes microstaging of the primary melanoma almical/radiologic evaluation
for metastases. By convention, it should be ustat abmplete excision of the primary
melanoma with clinical assessment for regional disthnt metastases.

Yincludes microstaging of the primary melanoma aath@ogic information about
the regional lymph nodes after partial (ie, sertimede biopsy) or complete
lymphadenectomy. Pathologic stage O or stage & pi&tare the exception; they do not
require pathologic evaluation of their lymph nodes.

Molecular background of malignant melanoma

Malignant melanoma is featured by a high genomiterogeneity. Several molecular

pathways and the complexity of their interactioe arvolved in disease development and
progression. This characteristic suggests thandividual genetic or molecular alteration is

crucial in these processes per se. The accumulafisnch alterations in combination with

the crosstalk between the tumor cells and theirrgeitvironment are involved in the

generation of a specific set of clinical-biologicalitcomes. These findings suggest that
molecular features may help to refine the curree#tisting classification schemes [19, 22,
33].

13
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It is well-known that approximately 10% of melar@npatients have a familial
predisposition associated with a more than 2-falttease in the risk of tumor development
[22, 34]. The major germline alterations are protede single-base mutations and deletions
of the CDKN2A (cyclin-dependent kinase inhibitor 2dene at the 9p21 locus, contributing
to 10% to 40% of familial cases depending on thegggphical location. Mutations harboring
the CDK4 (cyclin-dependent kinase 4) gene, and soméentified genes on chromosomes
1p22 and 20g11.22 have also been observed [223@5,Recent studies focus on the
melanoma susceptibility based on single nuclegimgmorphisms (SNRP)and revealed some
loci such as 16924.3 (MC1R - melanocortin 1 recgp@0qll1.22 (MYH7B/PIGU/ASIP),
11914.3 (TYR - tyrosinaseppl3.2 (SLC45A2), 9p21 (pl4/pl6), 11922.3 (MMP1 atmx
metallopeptidase 1) and 4q11-q12 (KIT) or genesliad in the DNA repair or oxidative
stress pathways, which are significantly associatéld a higher risk of cutaneous melanoma
[37-42].

Several signaling pathways, involving a numbetuafor suppressor genes (e.g. PTEN
(phosphatase and tensin homolog), TES, CAV1 or 9p2ls coding the pl6 and pl4
regulatory proteins) and oncogenes (e.g. BRAF, NRWEF (microphthalmia-associated
transcription factor), cKIT, cMET, CCND1 or EGFRavVe been identified as key regulator in
de novomelanoma progression by somatic mutations, gempy cmmber alterations and
expression changes including the epigenetic evantise different pathway members. Some
of them are already known such as the pl6INK4a-Ub#B and pl4ARF-MDM2-p53
pathways contributing to cell cycle deregulationd atie sensitization by pl6 error to
oxidative stress by UV-induced DNA damage [36, 43]. The RAS/MAPK (mitogen-
activated protein kinaser PI3K (phosphatidylinositol-4,5-bisphosphate iBasg/AKT (v-
akt murine thymoma viral oncogene homolpgthways are the main targets of the receptor
tyrosine-kinase signaling with a crucial role in lam®ma genesis, regulating tumor
proliferation and survival. Through molecular irstetions between the foregoing cascades
they can also enhance tumorigenesis, cellular droahtemoresistance, invasion, migration
and cell cycle dysregulation [8, 22, 36]. Besides, canonical WNT (wingless-type MMTV
integration site family) g-catenin and MSH (proopiomelanocortin)-PKA (prot&inase A)-
MITF signaling also contribute to melanoma survipadliferation and pigmentation,
respectively. Some other pathways are recently gmzed as important. The Notchl
signaling has a mixed tumor suppressor and oncogdfext on cancer progression,

depending on the cell-cell interactions and theaeeilular environment. Moreover, the INOS
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(nitric oxide synthase 2, inducible) cascade cbuotas to the elimination of reactive oxygen
and nitrogen species [22]. The molecular compleaftgignaling pathways is represented on

Figure 3.
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Figure 3. Schematic representation of the signaling pathwaéfgsted in melanoma
progression [22]. Members showed (epi)genetic areipressional alterations are
highlighted with blue.

Our previous array CGH (comparative genome hyhaithn) studies revealed many
chromosomal regions altered in aggressive meland4tasi6] such as 7931 and 11913 loci
(Figure 4A and B). Nevertheless, several other sggsnshow chromosomal gains (e.g. 1q,
3p, 6p, 7, 8q, 11q, 12914, 17q, and 20q) or logses 1p, 6q, 9p, 10q, 11q, 17p, and 21q)
harboring oncogenes or tumor suppressor genesl'f@.7q31 region contains the FRA7G
common fragile site which is neighbored by sevegeties like CAV1 and TES as possible
targets of genetic alterations during tumor gensesislarly to the FHIT (fragile histidine
triad) and WWOX (WW domain containing oxidoreduefagenes [47, 48]. CAV1 as the
main component of membrane lipid rafts can plaigaiicant role in the vesicular transport,

cholesterol homeostasis, receptor internalizatind the regulation of signal transduction

15
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through interactions with several proteins, inchgdiEGFR (epidermal growth factor
receptor), H-RAS (Harvey rat sarcoma viral oncogénenolog) and eNOS (nitric oxide
synthase 3, endothelial) [49]. However, its rolecancer progression is ambiguous because
CAV1 can have both apoptotic and anti-apoptoticavedr, depending on the tumor type and
stage [49-53]. TES is an important member of foadhesions, influencing tumor cell
motility, and behaves as a suppressor moleculegduimor genesis [54-57].

The 11913 locus contains the CCND1 oncogene, whigys a significant role in the
highly regulated @S phase transition of the cell cycle via bindinpK&/6 kinases and
consequently inactivating the retinoblastoma proteThe transcriptional activation of
CCND1 is primarily carried out by tyrosine kinaseeptors and the Ras—Raf-MEK-ERK
signaling cascade [58-60]. In addition, the PI3BK+ARTOR cascade; stimulation through
several cytokines, transcription factors, and estalar matrix proteins; and reduced protein

degradation also have an important role in theeimseed CCND1 levels [61, 62].

Identification of novel genetic alterations, th@oncerted action with epigenetic
alterations in regulating gene expression, andadiigg pathways contributing to cancer
progression and malignant transformation could iol@vnew opportunities for cancer

treatment.
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Figure 4. Frequent alterations are found by array CGH oprmiasome 7 and 11. Ideograms
of representative samples show copy number gatheiiq31 (A) and 11913 (B)
chromosomal regions. Blue color represents copytaurgain, red color represents copy
number loss on both schematic chromosomes andrig®sg Annotation tracks on the upper
side indicate genes, exons, CNVs (copy number tians from The Center for Applied
Genomics’ Database of Genomic Variants), and miRldfa when it was available. The y-
axis indicates the median log ratio value of thabps in the given segment of the sample.
The x-axis indicates the distance in Mb from thd ehthe p-arm.
[previously unpublished figure]
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Current and novel targeted therapies in melanoma

The most effective therapy against melanoma iktk#l surgical resection of primary tumors,
followed by the observation of a sentinel lymph @¢63]. Dacarbazine (DTIC) became the
first chemotherapeutic agent approved for the itmeat of metastatic melanoma with a
response rate of 15%-25%, but the complete respavese only 5% [64]. High dose
interferon-based adjuvant systemic therapy and vadju radiation treatment in given
conditions (e.g. multiple positive lymph nodes aledmoplastic neurotropic melanoma) have
also been applied in high-risk melanomas to cortii®mtisease with more or less success [64,
65]. However, over the past few years, there haaenl3 novel agents approved for the
treatment of melanoma by the US Food and Drug Aditmation with many limitations, but
providing an excellent basis for the future theeagb4, 66]:
1. vemurafenib (PLX4032) a BRAF inhibitor for unresectable or metastatic
melanomas bearing BRA#°F mutation
2. ipilimumab, an immune stimulatory agent for treatment of sectable or
metastatic melanomas

3. pegylated interferon alpha-2bfor treatment of stage Il melanomas

Davies et al. (2002) published at first in NaturattBRAF is harbored by an activating
missense mutation at codon 600 in more than 658atjnant melanomas, causing a valine
to lysine transition (V600E) in the kinase domaithe V600E mutation is account for
approximately 80% of all BRAF mutations [67]. Veratenib introduced by Sala et al.
(2008) as PLX4032, is a highly selective BRAF intal and is capable of silencing mutant
BRAF (V600E) with little effect on the wild-type @tein. This breakthrough discovery could
significantly reduce the likelihood of side-effe¢&8]. Unfortunately, vemurafenib therapy is
limited by a relatively short duration (averageswsnrd 6 months) due to the early resistance to
the drug, and has an important toxic effect by dbeeleration of the growth of cutaneous
squamous cell carcinomas (SCC) and keratoacanthamabout 20% of treated patients.
Fortunately, these tumors are easily removed withllexcision [66, 69].

Whereas ipilimumab is an immunostimulatory antibodgainst the negative
costimulator antigen-4 of cytotoxic T-lymphocyte€T_LA4), therefore, consequently
increases the T-cell activity and promotes thetit@mor activity. Ipilimumab is presumed to
be a potential combination or monotherapy treatneémbelanoma and several other cancers

[70]. However, the response rate and improvemertverall survival is relatively modest,
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and many adverse events can be administered, ingludnmune-related enterocolitis,
hepatitis and dermatitis [66, 71].

There are many other targeted therapies in clinicdbs which may have an impact in
the future melanoma treatment. These include ttaimib, an oral tyrosine kinase inhibitor
against activated c-kit, the lapatinib against ti@ant ERBB4, the anti-VEGF therapies or
the improvement of immunotreatments (e.g. HD IL2amti-PD-L1, which is a negative
regulator of the immune system by which melanomahaught to evade it) perhaps in

combination with molecular targeted therapies [,

Despite recent advances in immunotherapy and &ddberapy, treatment options are
still limited. Therefore, the discovery of agentghanovel mechanisms of action would be

urgent to be able to treat this challenging maligya
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Objectives

The cytogenetic heterogeneity and aggressive nagitasbehavior of human cutaneous
melanomas result in serious problems not justernctassification of histologically ambiguous
primary tumors or differentiation of melanomas frather lesions, such as Spitz, blue or
proliferating congenital nevus, but in the progrczion and effective cancer treatment as
well. Deeper understanding of the molecular alienatbehind tumorigenesis and progression
and evaluating the known molecular targets wilchgcial in predicting subsets of melanoma
patients with particular biologic features who miagspond favorably to a therapy that
specifically targets a characteristic moleculamatgre. Therefore, our research focused on
the identification of alterations that are charaste for melanomas with different biologic

behavior. We also aimed to evaluate alterations pdtssible diagnostic and prognostic value.

Specific objectives of the recent study were thelfowings:

Analysis of the 7q31 region:
1. to evaluate genetic alterations of 731 locus guémerphase FISH in human primary
melanomas and corresponding lymph node metastasisin melanoma cell lines with
different biologic behavior, and to correlate thesults with clinical-pathological

parameters of primary tumors.

2. to define mRNA and protein level changes of CAVitl ZES genes both located at 7q31
in primary lesions and cell lines by gRT-PCR andnumohistochemistry on tissue
microarrays, and to correlate the results withicéihpathological parameters of primary

tumors.

3. to define the possible connection between lodgsations and gene expression changes.

Analysis of the CCND1 gene:
1. to evaluate genetic alterations of the CCND1 oroegin primary melanomas using
interphase FISH, and to correlate the results wiihical-pathological parameters of

primary tumors and mutation state of BRAF and NRy&8es.

2. to define mRNA and protein expression changes@RND1 in primary lesions by qRT-
PCR and immunohistochemistry on tissue microarrags, to correlate the results with
clinical-pathological parameters of primary tumdresides the expression and mutation
state of BRAF and NRAS genes.
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Materials and methods

Melanoma tissue samples

Melanoma tissues were obtained from the Departrobtermatology at the University of
Debrecen (Debrecen, Hungary) from patients whondidundergo therapy prior to surgical
removal of their primary lesions. This study waprawped by the Regional and Institutional
Ethics Committee of the University of Debrecen ara$ performed according to the relevant
regulations. Written informed consent was obtairfeain the patients. Lesions were
diagnosed on the basis of formalin-fixed parafimbedded (FFPE) tissue sections stained
with haematoxylin-eosin and classified based onlabest edition of TNM staging system
[23, 24]. Examinations of the 7931 locus and CCNire not performed at the same time,
thus the studied sets of melanoma samples werenraimplete overlapping. The clinical-

pathological parameters of the tumors are sumnaiizé&able 3 and 4.

The average age of patients with primary melanoraa 61.9 + 13.3 years (range: 33-87
years) in the 7q31 study and 60 + 14 years (raB8€33 years) in the CCND1 study. The
average survival after surgery for the primary tumnatil the end of the 7931 study was 4.1 £
3.0 years (range: 0.04-14.5 years) and until tilecgrthe CCND1 study was 3.9 + 2.8 years
(range: 0.04-12.6 years).
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Table 3. Clinical-pathological parameters of primary melanas analyzed in the 7931 study

No. of tumors detected by

Variables
FISH! qRT-PCR IHG

All patients 75 33 60
Histological subtype

Superficial spreading 43 21 34

Nodular 32 12 26
Gender

Female 34 17 39

Male 41 16 21
Age (years)

20-50 22 9 11

>50 53 24 49
Breslow thickness (mmj

<2 21 16 29

2-4 13 5 8

>4 41 12 23
Location of primary tumor

Extremity 32 19 30

Trunk 35 11 22

Head 8 3 8
Metastasis formatiorf

Absent 20 16 31

Present 48 17 25
Patient’s survival*

Alive 28 23 35

Death 40 10 21
Ulceration

Absent 30 17 34

Present 45 16 26
Location of metastasid

Cutaneous and/or lymph node 16 6 9

Distant organ 18 5 9

Multiple® 14 6 7

'Fluorescencen situ hybridization; 2immunohistochemistry®thickness categories are based on the
current staging systerfipatients with at least a 5-year follow-up periodavimcluded metastasis of
the examined primary tumor&he primary melanoma formed metastases in botskimlymph node
and in a distant organ.
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Table 4. Clinical-pathological parameters of primary melanasanalyzed in the CCND1 study

No. of tumors detected by

Variables mutation analysis of
FISH GRT-PCR IHC BRAF and NRAyS genes

All patients 76 28 54 55
Histological subtype

Superficial spreading 48 19 27 31

Nodular 28 9 27 24
Gender

Female 45 16 35 28

Male 31 12 19 27
Age (years)

20-50 25 8 12 18

>50 51 20 42 37
Breslow thickness (mmj

<2 30 14 23 19

2-4 20 3 9 11

>4 26 11 22 25
Location of primary tumor

Extremity 40 16 27 27

Trunk 29 10 22 21

Head 7 2 5 7
Metastasis formatiorf

Absent 35 13 30 21

Present 40 15 24 34
Patient’s survival’

Alive 43 19 34 29

Death 32 9 20 26
Ulceration

Absent 39 15 29 25

Present 37 13 25 30
Location of metastasis

Cutaneous and/or lymph node 13 6 9 13

Distant organ 16 4 8 14

Multiple® 11 5 7 7

'Fluorescencén situ hybridization;immunohistochemistrythickness categories are based on the
current staging systerfpatients with at least a 5-year follow-up periodevicluded;metastasis

of the examined primary tumordhe primary melanoma formed metastases in botskinélymph
node and in a distant organ.

Melanoma cell lines and cell culturing

The following human melanoma cell lines with diffat biological properties were used in

our experiments:
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« WM35: derived from the radial growth phase, non-metastsuperficial spreading
melanoma of a 24-year-old woman. Breslow thicknafsthe scapula/neck localized
tumor was 0.69 mm [72, 7.3]

« WM983A: derived from the vertical growth phase, aggressnetastatic (lymph node)
primary melanoma of a 54-year-old man. Breslowkigss of the abdomen localized
tumor was 25 mm [74, 75].

« WM983B: derived from the lymph node metastasis of theviptes patient’s primary
tumor [76].

« A2058 - HT168 - HT168M1 Parts of a melanoma model system. The origin&582
cell line is derived from the amelanotic melanomyraph node metastasis of a 43-year-
old man. HT168 line was derived from A2058 line agrafted to nude mice. Whereas
HT168M1 was originated from thén vivo adaptation of HT168 to the lien of
immunosuppressed mice [77].

« HT199: derived from the radial growth phase, metastatidular melanoma of a 23-

year-old woman. The tumor was able to form livetastasis in SCID mice [78].

All cell lines were maintained at 37°C (5% &@n RPMI 1640 medium supplemented with
10% fetal bovine serum and 300 mg/l L-glutamine antibiotics. Monolayer adherent cells
were treated with 0.2% trypsin/EDTA solution (0.94@nand washed twice with PBS (pH
7.2). Cell pellet was then treated with 0.75mM K&}potonic treatment) for 20 min at 37°C,
dropped on slides and fixed with Carnoy’s fixat{@1l methanol:aceticacid). The slides were
stored at -20°C until use. All chemicals were atdi from Sigma-Aldrich (Sigma-Aldrich,
Inc., St. Louis, MO, USA). WM35, WM983A and WM983#Il lines were obtained from
the Coriell Cell Repositories (Coriell InstituteSamden, NJ, USA), A2058 cell line was
obtained from the American Type Culture CollectinGC Standards GmbH, Wesel,
Germany), while HT168, HT168M1 and HT199 melanonedl tnes were generous gifts
from the National Institute of Oncology (Budapéstingary).

Array comparative genomic hybridization

Array CGH experiments were performed on HumanAB4dyusing lug of tumor and normal
reference DNA labeling by random priming with CyBTP and Cy5- dUTP, respectively.
Labeled DNA was mixed with 10Qg of Cot-1 DNA. Sample hybridization to the BAC
arrays, imaging setup, and preliminary analysisngispot and Sproc software were
performed at the UCSF Comprehensive Cancer Cel&ar Fransico, CA, USA). DNA spots

24



MATERIALS AND METHODS

were automatically segmented, local backgroundsuésgracted, and the intensity ratio of the
two dyes for each spot was calculated by-tmgnsformed modeling. Spots for which theslog
SD of the triplicates was more than 0.2 were d®drfrom the further analysis [45]. All

BAC clones were mapped to the human genome (Fegb2(49) using the UCSC genome
browser site (http://genome.ucsc.edu/). In the sowf filtering, BAC clones located on sex
chromosomes or have overlaps with polymorphisni3@V (Database of Genomic Variants)
database were excluded. Analysis of Copy Errorerdlgn in CGH Explorer software 3.2

(Department of Informatics, The Faculty of Matheicgtand Natural Sciences, Blindern,
Oslo, Norway) was applied with a false discovenye rdcDR) of less than 0.01 to determine
gains and losses of each regions. Ratio threshotdsigh copy gains (more than 0.55) and

homozygous deletions (less than -0.8) in aCGH data used based on literature data [79].

Chromosome preparation from normal lymphocytes

Chromosome spread of normal lymphocytes from hgaltbnors was prepared using
EuroClone Chromosome kit ,P” (EuroClone S.p.A., &b, Italy). A total of 500l blood
sample in special medium supplemented with hepeas incubated at 37°C for 72 hours in a
sterile 5% CQ thermostat following by 4-hour incubation with ds of 1Qug/ml colchicine
(Sigma-Aldrich, Inc., St. Louis, MO, USA) in a fihaoncentration of 0.Q8y/ml. After
centrifugation, the cell pellet was resuspende@.t ml supernant, subjected to hypotonic
treatment (5ml 75mM KCI, room temperature), andubated for 20 minutes at room
temperature following by a second centrifugaticgpsand resuspension. Modified Ibraimov
solution (92% distilled water, 5% acetic acid afd Siethanol) was then added to the sample
and centrifuged it. Finally, we treated the sampl#gh 5 ml fresh-made Carnoy'’s fixative and
repeated this latest step till we got a cytoplasse-suspension, which was dropped onto wet

slides. The slides were air-dried at room tempeeadnd stored at -2G.

DNA specific probes
DNA specific probes applied in FISH experimentseviére followings:
* Chromosome 7 centromere-specific / 7931 locus &p&aiNA probes

e Chromosome 11 centromere-specific / CCND1 genefsp&iNA probes

DNA specific probes were obtained from Vysis, Ii&bbott Molecular, Des Plaines, IL,
USA). Centromere-specific probes were labeled v@ffectrum Green conjugated dUTP
(green fluorescence), whereas locus and gene mpecifbes were labeled with Spectrum
Orange conjugated dUTP (red fluorescence). Nucleerew counterstained with
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diaminofenilindol (DAPI, blue fluorescence) dissedv in antifade solution (Vectashield,
Vector USA). Reliability of the DNA specific probesas tested on chromosome spreads

derived from normal lymphocytes.

Fluorescencdn situ hybridization

FISH experiments were performed on imprint prepamnat produced from fresh-frozen
tumors using slides treated with 3-aminopropylttimay-silane (Sigma-Aldrich Inc., St.
Louis, MO, USA) according to the manufacturer’stpoml, with slight modifications [80].
The probe mixture and target cells were denaturadi&neously in a hybridization chamber
(HYBrite) for 2 minutes at 7&, and then hybridized overnight at’87 Aspecifically or non-
binding DNA probes were removed by washing 3-tirmaed45C with pH 7.0 washing buffer
(50% formamid, 10% 20x SSC and 40% distilled water)10 minutesNuclei were labeled
with 200 ng/ml diaminophenylindole (DAPI) in antifa solution. Fluorescence signals were
scored in approximately 100-200 cells per speciosng a fluorescence microscope (ZEISS
Axioplan, Carl Zeiss, Jena, Germany). Three-cotoages were captured using a digital
imaging analysis system (ISIS Metasystems GmbHugdheim, Germany). Copy number
index (CNI) and categories of the 7931 locus andNDC copy number alterations were
defined as follows [81]:

1. Deletion: copy number of locus/gene is less thancopy number of corresponding
chromosome centromere in more than 10% of cells.

2. Apparent amplification: copy number of the chommme is equal to the locus/gene
copy number, but more than 2 (chromosome amplifinatcauses gene
amplification).

3. Low-level amplification: gene copy number is nmaxm 5-times higher than the
copy number of the chromosome, but does not ext@exdpies per cell.

4. High-level amplification: gene copy number isrea¢han 5-times higher than the
copy number of the chromosome, and exceeds 10scppiecell in more than 10%
of cells.

Copy number index was defined as follows: total hamof fluorescent signals / number of
cells counted in one sample. For statistical irtgwa and logistic regression analyses of
CCND1 FISH results, we defined two groups basedthen calculated CNI: nho CCND1
amplification (CNE2.5) and CCND1 amplified (CNI>2.5). The optimal affitvalue was
defined by ROC curve analysis.
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RNA extraction and real time gRT-PCR

RNeasy Mini Kit (Qiagen GmbH, Hilden, Germany) we®d to isolate total RNA frofresh
melanoma tissues. The obtained RNA was quantifedgua NanoDrop ND-1000 UV-Vis
Spectrophotometer (NanoDrop Technologies, Wilmingi®E). RNA quality was determined
using 2100 BioAnalyzer (Agilent Technologies In8anta Clara, CA, USA). Samples with
integrity lower than 7 were excluded. TagMan orepgseverse-transcription PCR (RT-PCR)
was used to determine the mRNA levels of the CAVES, BRAF, NRAS and CCND1
genes. Each reaction contained 150 ng of total EaRNA and was run in triplicate on an
ABI-PRISM 7000 instrument (Life Technologies Coratbon, Carlsbad, CA, USA) with the
following conditions: reverse transcription (48°Q 8ec), polymerase activation (95°C 10
min) and 40 cycles of amplification (annealing &t® for 15 sec and synthesis at 60°C for 1

min). PCR Master Mix and TagMan assays (Table Sewbtained from Life Technologies.

Table 5. TagMan assays used in real-time gRT-PCR analysis

Gene name Assay number Target region
CAV1 Hs00184697_m1 exon 1-2 boundary
TES Hs00210319 _m1 exon 6-7 boundary
CCND1 Hs00277039_m1 exon 2-3 boundary
BRAF Hs00269944 m1 exon 1-2 boundary
NRAS Hs00180035 m1 exon 4-5 boundary
GAPDH Hs99999905 m1  within exon 4

PCR data were analyzed using the Livak methatf (3, with glyceraldehyde-3-phosphate
dehydrogenase as the reference (endogenous cogéd and nevi collected from three

different individuals and melanocyte as calibraamples [82]

Tissue microarrays [83] and immunostaining

Tissue sections (4m) of the original blocks were first stained witagmatoxylin-eosin and
then reviewed by pathologists to select the arelbetpunched automatically using a TMA
Master (Carl Zeiss, Jena, Germany). Most cases vegnesented using three 1-mm tumor
cores taken from the original blocks. Serial sediof 4pum were excised from the TMA
blocks and used for immunohistochemical investigeti following haematoxylin-eosin
validation of the sample spots. After deparaffiimm and blocking of endogenous
peroxidases and non-specific binding sites, weenatd antigens in 1 mM boiling citrate

buffer (pH 6, 3 min). Applied primary antibody sttns are indicated in Table 6.
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Table 6. Primary antibody solutions used for immunohistocisem

Targeted protein Clone  Host organism Isotype Dilution
CAV1 N-20 Rabbit Polyclonal IgG 1:200
TES AA-7 Mouse Monoclonal IgG 1.50
CCND1 SP4 Rabbit Monoclonal IgG 1:25
HMB45 - Mouse Monoclonal IgG 1:200

Anti-HMB45, anti-CAV1 and anti-TES primary antibesi were obtained from Santa Cruz
Biotechnology Inc(Santa Cruz, CA, USA), whereas anti-CCND1 antibedys obtained
from Thermo Fisher Scientific (Waltham, MA, USA).ftér incubation with the primary
antibodies (1 h at RT), the samples were stain@tgute Envision/HRP detection system
(DAKO Inc., Glostrup, Denmark) and the VIP peroxddasubstrate kit (Vector Laboratories
LTD, Peterborough, UK). Nuclei were counterstaimeth methyl green (Vector Laboratories
LTD, Peterborough, UK). Primary antibodies were tb@ai in negative controls.

Positive controls were as follows: A541 human la@agcer cell line and endothelial cells as
controls for CAV1, Jurkat cells as control for TB&d MCF7 human breast cancer cell line as
control for CCND1. The slides were digitized usa@/liraxScan slide scanning device (Carl
Zeiss, Jena, Germany). Digital images were displaysing MiraxViewer software (Carl
Zeiss, Jena, Germany) and evaluated by two dermathiojogists who were blind with respect
to the sample data [84]. Reaction positivity ofleatthe examined proteins (CAV1, TES and
CCND1) was scored on a four-grade scale: 0, noistgi 1+, definite but weak staining; 2+,
moderate staining; and 3+, strong staining (Figuend 6). Scores for triplicate cores were
consolidated to a single value per case. In the cACND1 we also used the quickscore
method, which considers both the staining positidhd the percentage of positive cells
(Table 7) [85].

Table 7. Quickscores used for evaluation of immunohistocbainesults [85]

Score for proportion  Score for intensity of

of stained cells staining
1 —from 0% to 4% 0 — no staining
2 —from 5% to 19% 1 — weak staining

3 — from 20% to 39% 2 — moderate staining
4 — from 40% to 59% 3 — strong staining

5 — from 60% to 79%

6 — from 80% to 100%
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Additive quickscore is defined by the addition aftegory A (proportion of stained cells) to
category B (intensity of staining), whereas catgghAris multiplied by category B in the
multiplicative quickscore method. Tumors were tlategorized into groups with scores from
0 to 2. Using the additive quickscore method, t@res were assigned to groups as follows:
0, scores 1-3; 1, scores 4-6; and 2, scores 7-themultiplicative quickscore method, the
scores were assigned to groups as follows: 0, s 1, scores 7-12; and 3, scores 13-18.
As the different quickscore approaches showed angtmpositive correlation (R=0.996,
p<0.0001, Spearman correlation), we used the nhghipve method for further analysis
because the additive approach did not permit negadisults, which we found in 13% (7/54)
of cases, and the scoring range was wider for thiéphcative method.

weak staining medium staining

CAV1

e
P S

TES

Figure 5. Scoring system for immunostaining intensity of CA&d TES in primary
melanomas. The staining intensity of CAV1 and TE&gns in melanoma samples with
weak (1+), medium (2+) and high (3+) level protekpression. CAV1 and TES proteins

were stained by VIP (purple color) and cell nuglere stained by methylgreen (blue color).
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Figure 6. Scoring system for the immunostaining intensitC@ND1 in primary melanomas.
The staining intensity of CCND1 in melanoma samplgh no (a), weak (b), medium (c),
and high (d) levels of protein expression. Onlylaeacstaining was considered to be specific.
CCND1 protein was stained by VIP (purple color)| naclei were stained by methylgreen
(blue color) and brown color is derived from thelamén within the tumor tissue.

Protein extraction from melanoma cell lines and wesrn blot analysis

Three melanoma cell lines with different biologiehavior (WM35, HT199 and WM983B)
were subjected to western blot analysis. ApproxaiyaSx1G cells per cell line were
harvested in RIPA (Radio-Immunoprecipitation Assdy)ffer containing protease and
phosphatase inhibitors (Thermo Fisher Scientifialtham, MA, USA). The total protein
concentrations were measured using the Bradforayad®io-Rad Hungary Ltd., Budapest,
Hungary). The isolated proteins were then stored88tC. Denatured and reduced p2-
mercaptoethanol) samples were separated on 5-14¥egt SDS-polyacrylamide precast
gels, semi-dry transferred to polyvinylidene difige (PVDF) membranes (Bio-Rad Hungary
Ltd., Budapest, Hungary) and labeled with the fellay specific primary antibodies (Table
8.).
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Table 8. Primary antibody solutions used for western blolgais

Targeted protein Clone  Host organism Isotype Dilution
CAV1 N-20 Rabbit Polyclonal IgG 1:400
TES AA-7 Mouse Monoclonal IgG 1:200
CCND1 SP4 Rabbit Monoclonal IgG 1:200
GAPDH H-12 Mouse Monoclonal IgG2a 1:200

Anti-GAPDH (used as a loading control), anti-CAViddaanti-TES primary antibodies were
purchased from Santa Cruz Biotechnology (Banta Cruz, CA, USA), whereas anti-CCND1
antibody was obtained from Thermo Fisher Scientffi¢altham, MA, USA). For signal
detection, a peroxidase-conjugated secondary ailveas added, followed by exposure
using enhanced chemiluminescence (ECL, GE Hea&hdlar USA). The immunoblots were
quantified using a GS-800 Calibrated Densitometio-Rad Hungary Ltd., Budapest,

Hungary), and protein levels were compared.

Mutation analysis of BRAF and NRAS genes

G-Spin Genomic DNA Extraction Kit (iINtRON Biotechiogy, Kyunggi, Korea) was used to
isolate genomic DNA frorfresh-frozen melanoma tissues. The obtained DNAyuastified
using a NanoDrop ND-1000 UV-Vis Spectrophotome@NA quality was determined by
1.2% agarose gel electrophoresis. Mutation analg$isBRAF®° and NRAS®! was
performed with a LightCycler real-time PCR systdRo¢he Diagnostics, GmbH, Mannheim,
Germany) via melting curve analysis using fluorescerobes (TIB Molbiol, Berlin,
Germany). The sensor probe was conjugated by #gene, whereas the anchor probe was
conjugated by LCRed640. The results were confirtmedirect sequencing of PCR products
(BIOMI Kft, Godollé, Hungary), as described previously [86]. Sequerafeprimers and
probes used for mutation analysis are the folloging

. BRAFVGOOE, V600K

forward primer: 5’-CTCTTCATAATGCTTGCTCTGATAGG-3’
reverse primer: 5-TAGTAACTCAGCAGCATCTCAGG-3’

sensor probe: 5’-AGCTACAGTGAAATCTCGATGGAG-3’

anchor probe: 5-GGTCCCATCAGTTTGAACAGTTGTCTGGA-3’
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. NRASQGIL, Q61K
forward primer: 5’-CACCCCCAGGATTCTTACAGA-3
reverse primer: 5-GATGGCAAATACACAGAGGAAGC-3’
sensor probe: 5’-ATACAGCTGGACAAGAAGAG-3’
anchor probe: 5-AGTGCCATGAGAGACCAATACATGAGCA-3

Statistical analysis

SPSS19.0 (SPSS Inc., Chicago, IL, USA) and R-2.15.0eneged for statistical analysis. The
Shapiro-Wilk test was applied to control the noiityadf the data, and Leven’s test was used
to control the equality of variances. Because ef dbnormal distribution of the data, non-
parametric tests were applied for statistical asedy When necessary, data were normalized
by reciprocal (copy humber index) or JognRNA expression level) transformation. Receiver
operating characteristic (ROC) curve analysis wsexiuito determine the optimal cutoff value
of CCND1 CNI used in survival tests. The model uni@dd the known melanoma prognostic
factors such as ulceration and metastasis formakaher's exact, Kruskal-Wallis, Mann-
Whitney-Wilcoxon tests, and logistic regression evased to compare the 7g31 and CCND1
alterations to the corresponding chromosomes (71andespectively) copy numbers and the
clinical-pathological data of the primary tumorsatistical interactions (univariate analysis of
variance) were also examined to determine whetkemntutational state of BRAF or NRAS
modifies the influence of CCND1 gene alterationsta clinical-pathological data of the
primary tumors. To analyze the relationship betwtbengene expression data of CAV1, TES
or CCND1 and the clinical-pathological parametefsn@lanoma patients, we used the
Kruskal-Wallis and Mann-Whitney-Wilcoxon tests. Tabrrelate the mRNA levels of
CCND1, BRAF and NRAS, Pearson’s correlatiarefficient was calculated. The Spearman
test was used to define the correlation betweenatltbtive and multiplicative quickscore
methods. The Kaplan-Meier, Log Rank and Cox regvassgests were used for survival
analysis. A p value of less than 0.05 was consttistatistically significant. In agreement
with literature norms, changes in the gene expoass&vel of more than two-fold were

considered to represent under- or overexpression.
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Results

CAV1 and TES genes on 7931 as candidate prognostitarkers of human
melanomas

Copy number alterations of chromosome 7 and 7q31 dois in primary melanomas and
melanoma metastases

Seventy-five primary melanoma samples were analyge®&ISH (Table 3.). Centromere 7
and 7931 signals were counted simultaneously isaatiples. Representative images of FISH
results are shown in Figure 7A-D. The copy numberep7 and 7g31 varied from 1 to more
than 10 copies/cell. Chromosome 7 aneusomy was\aasén 79% of primary melanomas,
whereas 95% showed 7931 copy number alterations. cbipy number index (CNI) was
between 1.8 - 13.0 for chromosome 7 and between1323 for 7931 (Figure 7.).

Figure 7. Copy number distributions of the 7q31 region iterphase melanoma cells. A
chromosome 7 centromere-specific probe was lalveitdSpectrumGreen (green signals),
and a 7931 locus-specific probe was labeled wigc8pmOrange (red signals). Nuclei were
stained with DAPI (blue fluorescence). 7931 appbaemplification in a metastatic SSM
melanoma (A), 7931 deletion in a non-metastatic 3&&noma (B), low-level 7q31
amplification in a metastatic NM melanoma (C) aighHevel 7q31 amplification in a
metastatic NM melanoma (D).
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Amplification of 731 was associated with chromosoi polisomy (p<0.001), whereas

deletion was accompanied by chromosome 7 di- orasamy (Table 9.).

Table 9. Significant association (p-valug.001; two-sided Fisher’s exact test) between
alterations of the 7g31 locus copy number and closome 7 ploidy

7931 locus copy number category

Chromosome Amplification status
7 ploidy No. of Deletion No alteration Apparent Low level High level
samples (%) N (%) N (%) N (%) N (%) N (%)
Monosomy 7 (9.3) 6 (85.7) 0 (0.0) 0 (0.0) 1(14.3) 0 (0.0)
Disomy 17 (22.7) 3(17.7) 4 (23.5) 0 (0.0) 9 (52.9) 1)5.9
Polisomy 51 (68.0) 5(9.8) 0 (0.0) 4(7.8) 34(66.7) 8(35.7

'Frequency is given within a copy number categorgtwbmosome 7.

Extra copies of 7931 relative to the copy humbectobmosome 7 were observed in
71% (53/75) of primary tumors, whereas only 19%/{%% exhibited deletion in this region.
High-level amplification of 7931 was observed imaicases (12%). Except for one case,
these tumors were in a more advanced stage witdggressive phenotype, and eight out of

nine melanomas metastasized mainly to distantimta{brain and lung, Table 10).

Table 10. Clinical-pathological parameters of primary melanasnwithhigh-level 731 locus
amplification (N=9)

Localization of

Sample  7q31/7¢ )\ stage* Histological -~ primary  Survival? Metastasis Ulcera
no. ratio subtype tumor tion
1 1.02  T4bN3Mic NM extremities 5.9 brain, lung, 'N  yes
2 1.25 T4bNOMO SSR trunk 2.4 lung yes
3 1.71 T1aNOMO SSM trunk ali¥e no no
4 1.82 T4bNOMO NM extremities 0.7 LN yes
5 2.35 T4bNOMO NM trunk 5.9 brain yes
6 2.38 T3bNOM1c SSM extremities 2.4 brain, lung yes
7 2.39 T4bN2bMO NM head alive lung, LN yes
8 2.48 T4bNOMO NM trunk 4.9 brain yes
9 2.62 T3bNOMO SSM extremities 1.4 lung yes

'TNM stage at the time of surgery of primary tum@urvival in years after surgerynodular
melanoma?lymph node?superficial spreading melanonfajore than 5 years

We examined the 7qg31 locus genetic alterations primary melanomas and their
corresponding lymph node metastasis (Figure 8.)siyoificant differences in the 7931 copy
number were noticed between the primary tumor gnddrresponding metastasis, except for
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three tumor pairs: numbered as 1, 5 and 7. In chpairs No.1 and 5 the 7q31/7c ratio was
significantly increased in the metastatic tumorgeveas in pair No.7 both the primary tumor
and its metastatic lesion showed a high ratio. btates of tissue No. 5 and 7 exhibited a
higher 7931 copy number, whereas in case of tunwrINthe decrease of chromosome 7
copy numbers resulted in an increased ratio imtbtastasis, but similar pattern of 731 was

found in primary tumor and its metastasis.
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7q31/7¢ ratio No. 1 No. 2 No. 3 0.4 0.5 No. 6 No. 7
Primary 1.25 1.10 1.47 1.18 0.69 0.94 2.39
Metastasis 3.28 1.26 1.05 1.11 2.64 1.10 2.47

Figure 8. Average copy number of the 7q31 region and chremes7 in primary cutaneous
melanomas (P) and their corresponding lymph nodestasis (M). Numbers included in the
table below the graph represent the 7q31/7c ratithie tumor pairs.

Correlation of 731 alterations and the clinical-pahological parameters of primary
tumors

Examining the correlation of the average locus copynber with the different clinical-
pathological parameters, we found a significanbeission with metastasis formation, tumor
surface ulceration, patients’ survival and age. Galeulated 7931 locus copy number index
was significantly higher in primary tumors with rastatic property (p=0.012; average
CNI=4.6 £ 2.6 vs. 3.1 + 1.5) and ulcerated surfgse.002; average CNI=4.7 £ 2.6 vs. 3.0 =
1.3). Patients older than 50 years were charaetérds having a slightly higher number of
70931 copies compared to patients in the youngeigemgp (p=0.038; average CNI=4.4 + 2.5
vs. 3.1 + 1.6).
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CAV1 and TES mRNA and protein expression in primarymelanomas

Thirty-three primary melanomas were available feng expression analysis of the CAV1 and
TES genes. Table 11 summarizes the results oféhe gxpression analysis. CAV1 mRNA
level was significantly lower in thick tumors (>40m, p=0.002). TES mRNA levels were
different in the primary tumors depending on thealmn of the corresponding metastasis
(p=0.011). TES overexpression was found only ingamwith cutaneous or lymph node
metastasis (6/17). Tumors that formed cutaneougoargmph node and distant organ
metastasis (6/17) were characterized by TES mRN#&ndegulation. Lesions with only lung,
brain, bone and liver metastasis (5/17) had sinfile® mRNA level as nevus samples.

Table 11. Correlation between the relative CAV1 and TES miiNAls and the clinical-
pathological parameters of primary melanomas

No. of
Variables tumors CAV1 pt TES p
analyzed
SSM 20 4.706 + 0.413 1.640 + 0.413
Subtypé NM 13 2047+1.687 9207 1494+ 0.488-870
Female 17 3.025 + 1.182 1.545 + 0.413
Gender Male 16 5062+ 3.674 2292 1622+ 0.480-980
<50 years 9 1.259 + 0.562 1.792 + 0.624
Age >50 years 24 5046+ 2531 04 T 1504+036%077
Breslow <4.0 mm 21 5.651+2.844 . 1966%0429 » .
thickness  >4.0 mm 12 1147 +0.882 9 0.911 + 0348
+  Absent 16 2.619 + 0.697 2.092 + 0.514
Metastasis o o 17 5416 + 3.602 2997 11351 0.34%1°1
. Alive 23 3.010 + 0.961 1.956 + 0.418
Survival o] 10 6.475 £ 5.925 0125 "7 77g8 4 0.238:0%7
. Lymph node 6 3.960 + 3.384 1.887 + 0.901
Location of /cutaneous 0.702 011
metastasis  Distant organ 5 12.130 £ 11.910™ 1.098 £ 0.2(97
Multiple 6 1.274 + 0.561 0.415 +0.116

"Mann-Whitney-Wilcoxon or Kruskal-Wallis testSSM: superficial spreading melanoma,
NM: nodular melanomawithin a 5-year follow up period; significant p-uals are indicated
in bold

We could examine the protein expression levels AMVC and TES genes in 60
primary melanomas using tissue microarray. Thicgk@mm) and advanced-stage (Clark IV-
V) melanoma samples (n=6) showed high intratumamstg heterogeneity regarding the
morphologically different cell areas (i.e., foanmls®r spindle cells). The other lesions were

homogenous both histologically and with respecptotein staining. The examined nevus
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samples did not show CAV1 and TES positivity. Melanra tissues in general showed strong
membrane and weak, diffuse cytoplasmic CAV1 immteiosng. The TES protein often
formed plagues in the membrane, however, weak @lgssitivity was also observed. CAV1
protein expression was detected in 83% (41/51Yiaiqry lesions. The remaining 10 samples
did not show any CAV1 immunostaining. Breslow thmeks was the only parameter showing
different CAV1 protein levels between the two greufp=0.038; Table 12). Thicker
melanomas have a reduced CAV1 expression; howetes, important to note that a
subpopulation of the thinner lesions exhibited natgin staining. TES expression was found
in 76% (42/55) of primary lesions. However, we didt find any significant associations
between the TES protein expression and the clipatiological parameters of the primary
melanomas.

Table 12. CAV1 (N=51) and TES (N=55) protein staining distrilons of primary
melanomas regarding clinical-pathological paramster

: No. of samples Staining category 1
Variables (%) 0 1+ o e p
Subtype

CAV1 SSM 26 (51) 5 (19) 0 (0) 12 (46) 9 (35) 0.099
NM 25 (49) 5 (20) 5 (20) 7 (28) 8(332
TES SSM 29 (53) 10 (35) 7 (24) 9 (31) 3 (10) 0.196
NM 26 (47) 3(12) 11 (42) 9 (34) 3(12)
Breslow thickness (mm)
CAV1 <4.0 29 (57) 7 (24) 0 (0) 13 (45) 9 (31) 0.038
>4.0 22 (43) 3 (14) 5(23) 6 (27) 8(36)
TES <4.0 32 (58) 9 (28) 9 (28) 11 (35) 3(9) 0.482
>4.0 23 (42) 4 (17) 9 (39 7 (31) 3(13)
Metastasig
CAV1 no 24 (51) 7 (29) 0(0) 9 (38) 8 (33) 0.053
yes 23 (49) 2(9 5 (22) 9 (39) 7(30)
TES no 27 (52) 9 (33) 5 (19) 10 (37) 3(11) 0128
yes 25 (48) 4 (16) 12 (48) 6 (24) 3(12)
Patient’s survival®
CAV1 no 27 (57) 6 (22) 1(4) 10 (37) 10 (37) 0327
yes 20 (43) 3 (15) 4 (20) 8 (40) 525
TES no 31 (60) 8 (26) 8 (26) 12 (38) 3 (10) 0.409
yes 21 (40) 5 (24) 9 (43) 4 (19) 3(14)
Ulceration
CAV1 no 27 (53) 6 (22) 0(0) 12 (45) 9 (33) 0.089
yes 24 (47) 4 (17) 5(21) 7 (29) 8(33)
TES no 29 (53) 8 (28) 6 (21) 12 (41) 3 (10) 0.206
yes 26 (47) 5 (19) 12 (46) 6 (23) 3(12) ™

two-sided Fisher's exact testyithin 5-year follow up period
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Correlation between 7q31 genetic alterations and mMRA and protein expression
changes of CAV1 and TES in primary melanomas and ni@noma cell lines

In case of 14 primary melanomas we had the podgilbd analyze the 7q31 copy number
alterations and the expression levels for both CAarid TES genes in the same tumor
samples (Table 13). The results clearly show d@ngplification of the locus is not or weakly
correlated with mRNA and protein expressions of @AANd TES genes. The alterations of
CAV1 and TES mRNA expressions had an impact oreprdevels in some cases. However,
we did not find any correlation between the genalierations, gene and protein expression

levels.

Table 13. Comparison of 7931 locus copy nhumber status aaexipression level of CAV1
and TES genes in cutaneous melanoma

Tumor 731 Main 7q31 % of cells Relative Immunohistochemical
no CcNl copY number  with 7q31 MRNA level score
' category alteration CAV1 TES CAV1 TES
10 21 Deletion 97.2 0.153 0.092 2+ 1+
11 2.6 Low level ampl. 39.5 2.528 0.484 2+ 1+
12 3.5 Low level ampl. 50.0 0.634 2.174 1+ 1+
13 3.6 Low level ampl. 69.3 0.076 0.137 1+ 1+
14 3.6 Low level ampl. 90.3 0.526 0.096 2+ 3+
15 4.5 Low level ampl. 98.5 0.607 1.663 2+ 3+
16 4.9 Low level ampl. 91.4 59.760 0.607 2+ 0
17 5.0 Low level ampl. 99.1 0.139 0.107 3+ 2+
8 6.4 High level ampl. 70.7 0.212 0.762 2+ 2+
1 13.3 High level ampl.  100.0 0.223 0.319 1+ 1+
18 1.7 Deletion 37.1 nd nd 1+ 1+
19 2.6 Deletion 68.0 nd nd 2+ 1+
20 3.3  Apparent ampl. 84.0 nd nd 0 1+
21 3.4 Low level ampl. 74.4 nd nd nd 2+
22 nd nd nd 0.076 1.503 3+ 2+
23 nd nd nd 1.418 0.128 2+ 2+
24 nd nd nd 3.693 0.690 3+ nd

nd: no data available

In order to get clearer view of this phenomenonanalyzed 7 melanoma cell lines
(WM35, WM983A, WM983B, HT199, A2058, HT168 and HWIM1) with different
biological behavior for 7931 locus copy number agrns, mMRNA and protein (CAV1 and
TES) expressions (the cell line data are summaonegigure 9).

All cell lines exhibited heterogeneous copy numbestribution for chromosome 7
centromere and 7931 copy numbers. Low-level ancgliibns and deletions were present in
all cell lines with different frequencies. Locusleten was observed with high frequency in

38



RESULTS

three (WM983B, HT199 and WM35) and low level amipétion was present in two
(WM9B3A and HT168), whereas high level amplificatisvas detected in two cell lines
(A2058 parental cell line and HT168M1 cell lineesgkd in vivo from the A2058 with a high
liver metastatic capacity).

The relative mRNA expression of the CAV1 gene wasilar in the WM35,
WM983A, WM983B, HT199 and HT168 melanoma cell lin@agure 9). A significant
association between high level amplification of tbeus and the relative mRNA level was
observed for two aggressive cell lines (A2058 add.&8M1). All cell lines showed CAV1
protein expression, but the level was differentgiHprotein expression was found in the
invasive but not metastatic WM35 and the metasiat\d983B, HT199, A2058, HT168 cell
lines and low expression in the WM983A cell linag{ire 9). No CAV1 protein expression
was observed in the HT168M1 cell line.

The mRNA level of TES was higher in the cell linesmpared to the mRNA
expression in melanocytes and was associated wadhgsprotein expression as detected by

immunohistochemistry (Figure 9).
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Figure 9. Relative mRNA and protein expression in human nmiaa cell lines. The main
7931 copy number categories are labeled on thefttpe columns: la = low level
amplification, del = deletion, ha = high level aifiphtion. Error bars represent + SD. The
lower part of the figure summarizes the stainirtgnsities of the CAV1 and TES proteins: no
staining (0), weak (1+), medium (2+) and strong)(3+
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In case of three melanoma cell lines (WM35, HT188 &/M983B) we confirmed protein

expression results obtained by immunohistochemigtiyg western blot analysis (Figure 10).

. GAPDH CAV1 TES
Cell line WB trace WB trace CAV1/GAPDH WB trace CCND1/GAPDH
WM35 1.410 1.254 0.889 0.891 0.632
HT199 2.203 2.339 1.062 1.542 0.670
WM983B  1.727 0.154 0.089 1.522 0.881

CAV1 --t 22 kDa

TES w— w48 kDa

GAPDH == ssss s 37 kDa

WM35
HT199
WM983B

Figure 10.CAV1 and TES protein expression in human melanoatidines (WM35, HT199
and WM983B) with different biological properties.BNrace: CAV1 or TES protein levels
after quantification of the western blot resulteeTdensity was obtained based on the optical
density (OD) multiplied by the area occupied (mm).

CCNDL1 as a prognostic marker of human cutaneous mmhoma

CCND1 copy number alterations in primary melanomasand association with the
mutations of BRAF and NRAS genes

A total of 76 primary melanoma samples were analyae FISH (Table 4). Chromosome 11
and CCNDL1 signals were counted simultaneouslylisaashples. Representative images of the
FISH results are shown in Figure 11A-D. The copgnbars of chromosome 11 and CCND1
varied from 0 to more than 10 copies per cell. Glosome 11 aneusomy was observed in
66% of primary melanomas, whereas 83% of samplesvestt CCND1 copy number
alterations. The calculated copy number index (CMWBs between 1.3 and 4.9 for
chromosome 11 and between 1.5 and 15.0 for CCNilL{eere was a significant association
between the copy numbers of CCND1 and the chromesbincentromere (p=0.008; Table
14).
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Figure 11.Copy number aistributions " @CND1gene in interphase melanoma cells. A
chromosome 11 centromere-specific probe was lalvelibdSpectrumGreen (green signals),
and aCCND1gene-specific probe was labeled with SpectrumQGerdrey signals). Nuclei
were stained with DAPI (blue fluorescenc€CND1deletion in a metastatic NM melanoma
(A), apparent amplification in a non-metastatic S@lanoma (B), low-level amplification
in a non-metastatic SSM melanoma (C) and high-lamgdlification in a metastatic NM
melanoma (D).

Table 14. Significant association (p=0.008; two-sided Fiskazxact test) between alterations
of the CCND1 gene copy number and chromosome idyplo

CCND1 gene copy number category

Chromosome Amplification status
11 ploidy slzfr;p?::‘s Deletion No alteration Apparent Low level EI\?ehl
0, 0, 0, 0
(%)! N (%) N (%) N (%) N (%) N (%)

Monosomy  8(10.5) 7 (87.5) 1 (12.5) 0(0.00 0(0.0)  0(0.0)
Disomy 26 (34.2) 5(19.2) 8 (30.8) 0(0.0) 11(42.3) 7.
Polisomy 42 (55.3) 12 (28.6) 4 (9.5) 4(9.5) 16(38.1) 6.8)4

frequency is given within a copy number categorglobmosome 11.
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Extra copies of CCND1 relative to chromosome 1lensbserved in 51% (39/76) of primary
tumors, whereas 32% of primary tumors (24/76) esdiba CCND1 gene deletion. A high
level of CCND1 amplification was observed in eighses (11%). With the exception of one
case where the patient died for a reason othernielanoma, these tumors were metastatic
and showed ulcerated surfaces. Through searchingpfeelations between the average CNI
and different clinical-pathological parameters, feend a significant association of the
average CNI with the location of the primary tumlmgation of the metastasis, and tumor
surface ulceration. The calculated CCND1 CNI wamificantly lower in primary tumors
located at the extremities (p=0.043; Table 15)waibout ulceration (p=0.048; Table 15) and
was increased in primary melanomas with brain, llimgr, and spinal metastases and similar

observation was made for multiple metastases (280 .Dable 15).
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Table 15. Correlations between the CCND1 copy number indekdinical—pathological

parameters of primary melanomas

No. of tumors Avg. CCND1

Avg. chr 11

Variables analyzed copy number crt P’ copy number Cl P
Subtype 0.304 0.563
SSM 48 4.2 2.5-5.8 2.5 2.2-2.8
NM 28 3.5 2.1-4.8 2.6 2.2-2.9
Gender 0.191 0.843
Female 45 4.2 2.2-6.1 2.6 2.2-3.1
Male 31 3.5 2.3-4.7 2.5 2.2-2.8
Age 0.919 0.919
<50 years 25 4.4 1.7-7.2 2.5 2.1-2.8
>50 years 51 3.5 2.5-4.6 2.6 2.3-2.9
Breslow thickness (mm) 0.277 0.673
<2.0 30 4.1 0.4-8.5 2.3 15-3.1
2.0-4.0 20 2.9 2.0-3.8 2.5 2.0-2.9
>4.0 26 4.2 2.6-5.8 2.6 2.3-3.0
Location of primary tumor 0.043 0.032
Extremities 40 3.5 2.7-4.3 2.7 2.3-3.1
Trunk 29 4.0 1.4-6.7 2.2 2.1-2.3
Head 7 4.2 0.7-7.6 2.9 2.2-3.7
Ulceration 0.048 0.110
Absent 39 2.4 2.1-2.7 2.2 2.0-2.5
Present 37 4.2 2.9-55 2.7 2.4-2.9
Metastasis 0.059 0.210
Absent 35 2.5 2.2-2.8 2.3 2.2-25
Present 40 3.7 2.7-4.7 2.5 2.3-2.8
Patient’s survival® 0.160 0.173
Alive 43 3.7 2.0-5.4 2.5 2.1-2.9
Dead 32 3.8 2.5-5.1 2.6 2.3-2.9
Location of metastasié 0.029 0.025
LNS/Cutaneous 13 2.7 2.0-34 2.5 2.0-2.9
Distant organ 16 3.8 1.9-5.6 2.4 2.1-2.7
Multiple® 11 5.0 2.4-75 2.9 2.4-35

ICI confidence interval (95 %JMann—Whitney—Wilcoxon or Kruskal-Wallis test®atients
with at least a 5-year follow-up period were in@dg*Metastasis of the examined primary
tumors; >Lymph node;*The primary melanoma formed metastases in bothskirelymph
node and in a distant organ; Significant p valuesradicated as bold
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Logistic regression analysis also showed an ineregfsCCND1 amplification in
melanomas with ulceration [odds ratio (OR) =2.938% confidence interval (Cl) =1.155—
7.454; p=0.024] and multiple metastases (OR=11.888p CI=1.297-102.654; p=0.028).
Analysis of the association between CCND1 copy remddterations and survival after
correction of the known predictors of poor outcosueh as ulceration, Breslow thickness,
and metastatic potential revealed that patienta ®ICND1-amplified melanoma (CNI >2.5
based on ROC analysis) had a 1.6-fold higher risdeath from the disease, though this

association was not significant (p=0.278, Figurgd@bably due to the small amount of data.

1.0 ~ - -«*% CCNDI1 not amplified
"1_1 -7 CCND1 amplified

0.8 |
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of patient’s il

survival
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Figure 12.Association ofCCND1genetic alterations with patients’ survival. Kaptdleier
survival curves of CCND1-amplified (continuous lireexd unamplified (dotted line) primary
melanoma samples. The Cox regression coefficienivgd 1.6, with a significance of
p=0.278. Cutoff value (2.5) between the two defigealips was determined by ROC analysis
correcting for ulceration and metastasis formation

BRAF mutations at codon 600 were present in 24 ajub5 primary melanomas
(44%). Of these, 21 lesions (88%) carried V600Emmta 2 tumors were V600K mutant
(8%), and only one melanoma carried V600R muta®h) (BRAF gene. NRAS mutations at
codon 61 were present in 8 out of 55 primary mataam® (15%). Of these, five lesions (63%)

carried Q61K mutation, two tumors were Q61R mut@i%), and only one melanoma
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carried Q61L mutation (2%). No sample was foundvaioth BRAF and NRAS mutations in

the same tumor. We handled the different types RABV600 and NRASQ61 mutations

together because of the relatively low number afesawithin one type and the fact that
mutations affecting the same molecular pathway wematually exclusive. Table 16

summarizes the data of average copy numbers of AC&Hd chromosome 11 in primary
melanomas with (N=32) or without (N=23) BRAF or NBAnutations.

Table 16. Average CCND1 copy numbers in primary melanomds (M£32) or without
(N=23) BRAF or NRAS mutations

Sample chronic metastasis localization of . BRAF.V o NRAS.Q61 CCND1 copy
no. formation? metastasis ulceration  mutation  mutation n_umber
exposuré status status index
1 — — — — V600E WT 2.0
2 - + liver - V600K WT 2.3
3 + - - - V600E WT 2.1
4 — - - + V600E WT 2.2
5 — + brain + V600E WT 2.1
7 + + LN“, lung, brain + V600E WT 4.1
9 — + brain + V600K WT 3.3
10 + + LN + V600E WT 5.3
11 — + brain + V600E WT 15.0
12 + - - - V600E WT 4.1
13 — + LN - V600E WT 2.1
15 - — - + V600E WT 3.2
24 + - - - V600R WT 3.0
25 — — - - V600E WT 1.7
26 — + LN + V600E WT 2.1
27 — + liver - V600E WT 2.4
28 — + brain, liver + V600E WT 3.0
29 — + brain + V600E WT 2.5
30 - — - + V600E WT 3.5
31 — + LN + V600E WT 2.6
32 — + lung, brain + V600E WT 6.8
33 — + liver + V600E WT 2.2
34 — + LN, liver + V600E WT 2.3
35 - - - - V600E WT 2.7
6 + + LN, lung, brain + WT Q61K 3.3
8 + + LN, cutaneous, + WT Q61K 4.4
14 + - - - WT Q61R 2.1
36 — + lung + WT Q61K 8.2
37 + + LN + WT Q61K 2.6
38 - - - - WT Q61K 35
39 — + LN - WT Q61R 2.2
40 + + LN, cutaneous — WT Q61L 2.5
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Table 16. continuous

Sample chronic metastasis localization of . BRAF.V o NRAS.Q61 CCND1 copy
sun formation metastasis ulceration mutation mutation n_umber
exposure status status index
16 - - - - WT WT 1.9
17 + + LN + WT WT 1.9
18 - + LN + WT WT 2.0
20 + + LN + WT WT 45
21 — — - - WT WT 1.8
22 - + LN - WT WT 2.8
23 + - - - WT WT 5.9
41 - - - - WT WT 2.1
42 + — — + WT WT 2.5
43 + - - - WT WT 2.6
44 — + lung, brain + WT WT 2.0
45 — — - - WT WT 2.4
46 — + LN - WT WT 2.0
47 — + LN - WT WT 2.0
48 - - - - WT WT 2.4
49 — — - - WT WT 3.8
50 — + cutaneous, lung + WT WT 15.0
51 + + liver + WT WT 15
52 + + brain + WT WT 2.3
53 + + LN, lung + WT WT 9.1
54 - - - - WT WT 1.7
55 + + LN, liver + WT WT 5.0
56 - + lung, liver, bone + WT WT 1.9

Tprimary tumor is located on the face, lower arnshin; “within the 5-year follow-up periodwild
type; lymph node metastasis
Examination of the interactions between CCND1 capymber alterations and

mutations in BRAF and NRAS revealed no common éff@cany of the clinical-pathological
parameters. After correction for BRAF and NRAS ntiota status, we found that CCND1
amplification was still associated with a higheeduency of ulceration (OR=3.185; 95%
Cl=1.025-9.896; p=0.045) and multiple metastaseR=0817; 95% CI=0.753-81.175;
p=0.085). However, the latter association was mptificant, probably due to either the wide
confidence interval or the relatively low samplember involved. Melanomas showing
CCND1 amplification but without BRAF and NRAS mutais developed 4.4 times more
frequently on sun-exposed skin (95% CI=1.195-16.480.026).
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CCND1 mRNA expression in primary melanomas

A gene expression analysis of CCND1 was performe®8i primary melanomas. A greater
than twofold decrease in the CCND1 mRNA level waanfl in 39% (11/28) of these
melanomas, whereas overexpression was observedlyn18% (5/28) of the examined
samples. In determining the relationship betweenegexpression levels and clinical—
pathological parameters, we found that the patte@CND1 mRNA expression significantly
affected the location of metastasis formation (p%8, Figure 13).
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Figure 13.Log-transformed CCND1 mRNA levels in melanomas reéativ control nevi
with respect to the location of metastasis. Multipletastases were defined as when the
primary melanoma formed metastases in the skinplynodes, and in a distant organ. The
vertical line at zero indicates the normal mRNAdethe average CCND1 mRNA level of
tissue samples within a given group is the santhaf the average level in control nevi
Samples with multiple metastases (33%) were cheniaetl by reduced CCND1 mRNA
levels, whereas tumors that formed only cutanecwoa lymph node metastases (40%)
showed a moderate increase in CCND1 expressionmnatmhomas with lung, brain, bone, or
liver metastases (27%) did not show differenceSGND1 mRNA levels compared to nevus
samples.
CCND1 expression changes were moderately correlatéd the BRAF (B=0.553,

p=0.002, Figure 14A) and NRAS (B=0.678, p<0.00lguFe¢ 14B) mRNA levels.
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Furthermore, the expression of BRAF showed a reaidykstrong association with the
expression of NRAS (B=0.832, p<0.001, Figure 14C).
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Figure 14.Correlation of CCND1, BRAF, and NRAS mRNA levelsgnmary melanomas.
(A) Pearson correlation between theltgnsformed relative mRNA levels of CCND1 and
BRAF genes (B=0.553, p=0.002). (B) Pearson coicgldietween the log2-transformed
relative mRNA levels of CCND1 and NRAS genes (B¥8.,60<0.001). (C) Pearson
correlation between the lpgransformed relative mRNA levels of BRAF and NRééhes
(B=0.832, p<0.001)

The CCND1 mRNA level was significantly associatedhwthe mutation state of
BRAF and NRAS genes (p=0.009, two sided exact M#fmtney—Wilcoxon test). Samples
without BRAF or NRAS mutations exhibited an approately 2.3-fold higher CCND1
expression level relative to the melanomas bedBRAF or NRAS mutations (Table 17).
Examining the association between the CCND1 prd&ial and mRNA expression, we did

not find a significant correlation.
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Table 17. CCND1 mRNA levels in primary melanomas with or @attBRAF and NRAS

mutations
Sample no. BRAF™™ NRAS™ relative CCND1
mutation status mutation status mRNA level
1 + WT? 0.465
2 + WT 1.151
3 + WT 0.729
4 + WT 0.727
5 + WT 0.338
6 + WT 0.152
7 + WT 0.026
8 + WT 0.167
9 + WT 1.858
10 + WT 0.229
11 + WT 4.447
12 + WT 1.363
13 WT + 0.321
14 WT + 1.822
15 WT + 0.46726
average CCND1 mRNA level (£SD) 0.951 +£1.133
16 WT WT 1.977
17 WT WT 3.130
18 WT WT 0.870
19 WT WT 0.269
20 WT WT 5.608
21 WT WT 0.999
22 WT WT 2.898
23 WT WT 1.392
average CCND1 mRNA level (£SD) 2.143 £1.715
wild type

CCND1 protein expression in primary melanomas and mlanoma cell lines

We examined CCNDL1 protein expression levels in Bhary melanomas and three human

melanoma cell lines exhibiting different biologichéhaviors. Melanomas showed strong
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nuclear and, in some cases, weak plasma CCND1 ssipre but only nuclear CCND1
staining was considered to be specific. We detegthithat 87% of the melanoma samples
were positive for CCND1. High intratumor heteroggnevas not characteristic of the
examined tissues. CCND1 positivity showed a sigaiit correlation with Breslow tumor
thickness, metastasis formation, and patient satv{p=0.047, p=0.028, and p<0.001,
respectively, Table 18). Melanoma samples presgrdirgreater thickness (>4.0 mm) and
metastasis, and causing the death of the patiemteshstronger CCND1 staining. Examining
the association between the CCNDL1 protein levelawgtage CNI, no significant correlation

was found.

Three melanoma cell lines with different biologitedhaviors were also analyzed for
CCND1 protein expression using immunohistochemiatrgd western blot techniques. Strong
CCND1 protein expression characterized the HT198chvis an aggressive cell line derived
from a primary tumor. In contrast, the invasive boh-tumorigenic (in nude mice) WM35
cell line exhibited less CCND1 protein expressiarhe melanoma metastasis-derived
WM983B line exhibited the lowest CCND1 protein ley€igure 15). Western blot analysis

confirmed the immunohistochemical results (Figusg 1

GAPDH CCND1

Cellline IHC WB trace  WB trace CCND1/GAPDH
WM35 2+ 1.410 0.143 0.101
HT199 3+ 2.203 0.702 0.319

WM983B 1+ 1.727 0.159 0.092

CCND1 = == = 36 kDa

GAPDH s - 37 kDa

WM35
HT19¢
WMO983B ]

Figure 15.CCND1 protein expression in human melanoma cedkliwith different biological
properties. IHC: immunohistochemistry. The stainimgnsities for the CCND1 protein are
reported as follows: no staining (0), weak (1+)dmen (2+) and strong (3+). WB trace:
CCNDa1 protein level after quantification of the we¥s blot results. The density was obtained
based on the optical density (OD) multiplied by #nea occupied (mm).
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Table 18. CCND1 proteinstaining distributions and quickscores of primamlamomas with respect to clinical-pathological paeters

Parameters No. of Staining intensity (%) o-valud Qace’ category (%) o-value
tumors (%) 0 1+ 2+ 3+ 0 1 2
Subtype 0.083 0.108
Superficial spreading 27 (50.0) 4 (14.8) 9(33.3) 9(33.3) 5(18.6) 32.9) 9(33.3) 4(14.8)
Nodular 27 (50.0) 3(11.1) 6 (22.2) 4(14.8) 14 (51.9) 39.8) 7(25.9) 11 (40.8)
Gender 0.481 0.480
Female 35 (64.8) 4(11.4) 12 (34.3) 7 (20.0) 12 (34.3) (486) 9(25.7) 9(25.7)
Male 19 (35.2) 3 (15.8) 3 (15.8) 6(31.6) 7(36.8) 6.6 7(36.8) 6(31.6)
Age 0.535 1.000
<50 years 12 (22.2) 3 (25.0) 2 (16.7) 3(25.0)0 4(33.3) 7@ 4(33.3) 3(25.0
>50 years 42 (77.8) 4(9.5 13(31.00 10(23.8) 15(35.7) (4838) 12(28.6) 12 (28.6)
Breslow thickness 0.047 0.157
<2.0 mm 23 (42.6) 3(13.0) 6(26.1) 10(43.5) (14.4) 10 (43.5) 10(43.5) 3(13.0)
2.0-4.0mm 9 (16.7) 1(11.1) 4 (44.4) 1(11.1) 3(33.4) 585 1(11.1) 3(33.4)
>4.0 mm 22 (40.7) 3(13.6) 5(22.7) 2(9.1) 12 (54.6) 843 5(22.7) 9(40.9)
Ulceration 0.169 0.453
Absent 29 (72.2) 4 (13.8) 8(27.6) 10(34.5) 7(24.1) (438) 10(34.5) 6(20.7)
Present 25 (27.8) 3(12.0) 7 (28.0) 3(12.0) 12 (48.0) (400) 6(24.00 9(36.0)
Metastasi$ 0.028 0.021
Absent 30 (55.6) 4(13.3) 9(30.0)0 11(36.7) 6(20.0) (44.7) 12 (40.0) 4(13.3)
Present 24 (44.4) 3(12.5) 6 (25.0) 2(8.3) 13(54.2) .63 4(16.7) 11 (45.8)
Survivaf <0.001 0.026
Alive 34 (63.0) 4(11.8) 10(29.4) 13(38.2) 6(20.6) (451) 13(38.2) 5(17.7)
Death 20 (37.0) 3 (15.0) 5 (25.0) 0(0.0) 12 (60.0) B3 3(15.0) 10 (50.0)
Location of metastasis 0.054 0.146
Cutaneous /Lymph node 9 (37.5) 0 (0.0) 1(11.1) 1(11.1) 7(77.8) 101 2(22.2) 6(66.7)
Distant organ 8 (33.3) 2 (25.0) 1(12.5) 0(0.00 5(62.5) 387. 1(12.5) 4 (50.0)
Multiple® 7(29.2) 1(14.3) 4 (57.1) 1(14.3) 1(14.3) 541 1(14.3) 1(14.3)

Two-sided Fisher's exact tedmultiplicative quickscore’within a 5-year follow up periodmetastasis of the examined primary tumors;
*the primary melanoma formed metastases in botekimdymph node and in a distant organ. Signifiganalues are indicated as bold.
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Discussion

Although the incidence of malignant melanoma haseiased over the last few decades, the
accuracy of clinical diagnosis is limited, and scaf) resection in combination with
observation of a sentinel lymph node is still thesin effective therapy against this
malignancy [63, 87]. Beside the increasing incidgruccurrence of melanoma can also be
remarkable in younger age groups. Early detectimhsairgical removal of primary lesion are
currently the only chance for the permanent curenefanoma patients. Patients’ survival
decrease dramatically with the appearance of nasiastand in the presence of distant
metastases the five-year survival falls below 18%].[It is well known that similarly to other
solid tumors, cutaneous melanoma is a genetic skseaused by the accumulation of several
genetic alterations during cancer development amdgrpssion, affecting regulatory
mechanisms of genome integrity on the moleculagl|levhich is consequently resulted in the
activation of oncogenes and inactivation of tumapmessor genes [89]. Therefore,
understanding the molecular alterations during tupmogression may contribute significantly
to the classification, particularly in cases oftbliggically ambiguous or difficult-to-identify
primary melanomas, moreover, may improve melanoagndsis and prognostication or may

become an effective therapeutic target in the &80, 91].

Associations between the alterations of 7q31 locasd melanoma progression

In this study one of our aims was to define 7g3dusocopy number aberrations in a
relatively large number of primary melanoma sampigieg FISH, and correlate the genetic
results with the clinical-pathological parametefgatients. The strength of this study is that
beside the copy number changes at site of the faagde site, FRA7G, we also determined
the mRNA and protein expression levels of the irtgdrlocus-related genes (CAV1 and
TES) surrounded the fragile site and defined thele during melanoma progression.
Common fragile sites (CFSs) are non-randomly pms#d, large (megabase or more) regions
in all individuals’ genome showing site-specificpga breaks on metaphase chromosomes
after partial inhibition of DNA synthesis. Theseesi are parts of the normal chromosomal
structure and normally stable in somatic cells. Heoer, CFSs and associated genes are
frequently deleted, rearranged or amplified in mamgor cells reflecting their importance in
genome instability of cancers [92-95]. Their gemetistability is due to their special

structure: these sequences are G-band characemathin an R-band site. This discrepancy
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between CFSs and their flanking region may afféet ¢ontrol of DNA replication and
chromatin condensation, and thus contribute tor thiagility [96, 97]. Interestingly, some
obvious similarities like large size or paralleihgeexpression profile between CFSs suggest
that these sites and their associated genes mgyaplanportant role in a normal protective

response of cells to environmental and cognitivesst[98-100].

FRA7G is a common aphidicolin-inducible fragileesdt 7931.2 locus, which is the
fourth most frequently expressed one after FRA3B@ining FHIT tumor suppressor gene),
FRA16D (containing WWOX tumor suppressor gene) &#RAGE [101, 102]. This
chromosomal region has an extent of 544 kb comtgiisieveral genes like TES which is
prone to viral integration, and CAV1 which is oftamplified in some solid tumors [47, 48,
103]. Similarly to others, our research group hatsced the deletion and also amplification of
the 7q31-qgter in cancer cells by high-throughpaohtégquesLocus deletion may be resulted
by discrete homozygous intra-locus deletions omdi@cations [48]. Whereas gene
amplifications on FRA7G possibly via breakage-fasisidge mechanism are essential
features of advanced cancers and have prognostigedsas therapeutic significance in
clinical cancer treatment [47, 104]. Accumulatioh iotrachromosomal amplicons might
responsible for drug-resistance of cancers [92]. Mi@posed that the instability-induced
alterations of the FRA7G, disturbing the normaldiion of the associated genes, contribute
to melanoma progression observed as FHIT and WW@Xot suppressor genes (TSGS) in
many human cancers through genetic and epigene&chamisms, such as promoter
hypermethylation or histone hypoacetylation [105410

Using FISH, we found deletions and different levefsamplification of the 7q31
locus. Deletion was associated with a favorablgposis in contrast to the amplification that
resulted in a poor clinical outcome and made prynmamors liable to form metastases.
Increased CAV1 protein level statistically showeligh association with tumor thickness in
several cases. The influence of TES expressiomglumnielanoma progression requires more

detailed investigation.

As previously found, CAV1, a multifunctional scdffong protein has a controversial
role in the development of several human tumors8].1The upregulation of CAV1 gene
expression was associated with an elevated lev&@A¥1 protein, and had an influence
mainly on tumor thickness in our melanoma samplesthe other hand, downregulation of

CAV1 was also observed in a subpopulation of thirmaenples and melanoma cell lines with
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poor clinical outcome suggesting that CAV1 may pdaglual role in melanoma progression.
Furthermore, the lack of CAV1 protein in the HT16BMell line, despite the high CNI and
MRNA level, raises an issue that it would be wofthe to extensively examine the
epigenetic processes affected this molecule. TAes@nportant observations, because it has
recently been tested that CAV1 protein is a poatriiomarker for melanoma prognosis,
since it contributes to tissue invasion and mesastéormation [109, 110]. The reduced
expression of CAV1 may be associated with an irsgdagroliferative ability of tumor cells
or the loss of tumor cell apoptosis through cas{3asensequently leading to the development
of metastatic disease [111]. Furthermore, a receianoma study provided evidence for the
possible anti-metastatic function of the CAV1 pnotgl12]. Total loss of the protein may
result in decreased tumor neovascularisation, tusugpression through the inhibition of
cytokine receptor signaling or diminished tumor |cemotility through the
regulation/stabilization of focal adhesion domargamization [113, 114]. It is also possible
that CAV1 protein has a dose-dependent effect ogaracells. Another reason might be that
CAV1 has multiple interacting partners; therefothe alterations of these interacting
molecules may have a significant impact on CAVicfion during cancer progression [108]
as it can be found in thyroid cancers where Gale®tian accurate marker for the diagnosis of
differentiated thyroid cancer, can override the dursuppressor function of CAV1. Gal-3, in
concert with CAV1, is able to promote focal adhastarnover, tumor cell migration and
invasion [115]. Finally, a recent study showed hygmportant difference in the function of
the two caveolin 1 variants: the full-length forrA\Z1a (wild-type CAV1) and the truncated
form CAV1p, which latter variant lack of a Tyr-14 region BetN terminus. In the case of
CAV1la, the phosphorylation of Tyr-14 can facilitate neibondrial apoptosis, and
consequently increases the sensitivity of breastaracells to paclitaxel. Therefore, CAV1

composition of the tumor cells may have an effectinug resistance [116].

Downregulation of TES, which has previously beersasbed in head and neck
squamous cell carcinomas [117], gastric cancer8][add breast cancers [57] at both mMRNA
and protein levels, was frequently found in oumaiy melanoma samples. Although TES
did not exhibit a significant association with negtesis formation, the mRNA level was
significantly altered between lesions with differ@neference of site to form metastasis, and
might have a predictive value in the future. Thelsservations support the idea that TES may
play an important role in primary melanomas. Howet@rther studies, including metastatic
melanomas, are required to clarify the exact ré[EES in cancer progression.
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The deletion of 7931 locus was followed by the dmgulation of the CAV1 and TES
genes in some cases, but we did not find signifiessociations. One reason could be the
relatively small available set of paired samplegpéoform the correlation analysis. Another
reason can be that we observed only heterozygo8% dgletion; therefore, the remaining
copy may make uninterrupted mRNA synthesis possitavever, amplification might not
affect the entire locus, and the size of the alteegion is difficult to determine. It is also
difficult to define whether the alterations areluted in a definite gene [119]. Furthermore,
an error in the epigenetic regulation of genesaa@lso affect the mRNA and protein levels
[103, 120].

In conclusion, 79g31 amplification is associated hwiinfavorable prognosis and
reduced CAV1 protein level could have an impactr@ianoma cell invasion. Whereas TES
may play a part in the anchoring of circulating turoells, defining the location of metastasis
[121]. This study shows that in the future it isrttvhile to examine deeper the role of these
genes in melanoma genesis. Because cancer develbmree complex process that alters a
large number of genes and molecular pathways, ial$® important to consider these
alterations on the basis of their own complexity.

Associations between the alterations of CCND1 genBRAF and NRAS mutation status

and primary melanoma progression

Gast et al. have identified two distinct molecut@athways in melanomas: the first
group involved melanomas presenting BRAF and NRA®Raftions in combination with
alterations in the CDKN2A and PTEN tumor suppredsor, a molecular profile that was
mainly connected to sun-exposed areas of the 8kensecond group included lesions bearing
amplifications of a number of oncogenes, such aCMyY CCND1, together with loss of the
13qg and 16q regions [122]. These newly revealedeaubhr characteristics can potentially
provide crucial guidance in predicting subsets aflanoma patients who may respond

favorably to therapies that specifically targetaracteristic molecular signature [63].

CCND1 gene copy number changes together with RREBC and chromosome 6
copy number alterations are widely tested as disiimand classification tools of melanocytic
lesions applying FISH method [90, 123, 124]. Ryasigenetic studies have been conducted
to address the role of CCND1 in melanoma progresaia have frequently found CCND1
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gene amplifications in acral melanomas [29]. Furtigre, lesions on skin with chronic sun-
induced damage showed CCND1 copy number gains aechpa tumors from skin without
such damage, which was inversely correlated witiABRnutations [31]. As CCND1 is an
important transcriptional target of several welblum and novel molecular pathways affected
in melanoma progression, the aim of the presernt @faour study was to examine copy
number alterations and expression changes in th&lDdCgene in primary cutaneous
melanomas also in relation to the mutational anglession status of the BRAF and NRAS
genes. We aimed to evaluate whether CCND1 amgidicacould be a prognostic factor in

cutaneous melanoma independently from the mutatatas of BRAF and NRAS genes.

According to the American Joint Committee on CanBeeslow tumor thickness and
tumor surface ulceration are the most effectiveepahdent predictors of survival [23]. Our
results showed that CCND1 genetic alterations axpression changes strongly affect
metastatic potential, Breslow thickness, survivdteration, and the mode of metastasis
formation, with the last association being shownthe first time in the present study [125].
Melanomas with multiple metastases showed a sgamifiincrease in CCND1 copy number
and decrease in CCND1 mRNA level. Although in tlasecof mMRNA expression, further
examinations are needed because of the relativaly mumber of samples analyzed.
Predicting the preferred site of metastasis foriveerg tumor on the basis of molecular
alterations could have a remarkable prognostic anpa the future. Examination of the
correlation between CCND1 genetic alterations afNW and protein expressions did not
show significant associations. One reason coulthbeelatively small available set of paired
samples to perform the correlation analysis. On oleer hand, we did not observe
homozygous deletion of CCND1 gene; therefore, émeaining copy may make uninterrupted
MRNA synthesis possible. However, amplification imigot affect the entire gene or the
extra copies of CCND1 may not function properlyqLIFinally, it would be also worthwhile

to examine the epigenetic processes affecting CCéipiession.

The protein expression of CCND1 showed a signiicassociation with Breslow
thickness in our set of tissue samples (CCND1 proggpression was increased in thick
lesions, as Oba et al. have also found [126]). Hewethe distribution was heterogeneous
within the different thickness categories and tigmificance was disappeared regarding not
just the staining positivity, but the number of piee cells as well (Quick score evaluation).

To clarify these results, we conducted experimeémtsnelanoma cell lines with different
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biological properties. These experiments revedhed the aggressive primary tumor-derived
HT199 cell line, which shows a high colonizationpaeity, expressed stronger CCND1
protein positivity compared to the invasive, buhiamorigenic (in nude mice) WM35 line
and the metastasis-derived WM983B cell line. Dethstudies have previously shown that a
progressive increase in the CCND1 protein level wadibited during malignant
transformation of the melanocytic lesions, whereagelative decrease in its protein
expression was detected in advanced-stage cart®Zr$ We observed decreased CCND1
MRNA and protein levels in primary melanomas withltiple metastases, reflecting the role
of CCNDL1 in the early stages of melanoma progressémother reason for the changes in
CCND1 expression levels could be the role of CCNiD1he interplay between cancer cell
proliferation and migration, similar to its role loneast cancer. Cells in a steady state (G0/G1
phase) exhibit an enhanced migratory capacity coeap#o proliferating ones in which
CCND1 has a major driving role. However, CDK-indegent modulation of tumor cell
migration through direct regulation of several seniption factors unrelated to the main role
of CCNDL1 in the regulation of proliferation hasalseen observed [128]. Therefore, as an
integral part of a complex multi-molecular mechamisnvolved in the development of
melanoma, CCND1 may exert its effect through pedgisontrolled molecular interactions
[122].

In relation to the mutation states of BRAF and N&RR@genes, CCND1-amplified
tumors without such alterations developed moreueetly on sun-exposed skin, and CCND1
MRNA level was also higher in samples with wildegyBRAF and NRAS. These results
support the idea that the abovementioned molealtarations may develop in different
ways, defining distinct melanoma subgroups [122irtlkermore, CCND1 amplification and
mutations in BRAF or NRAS were not mutually excuesi and the CCND1 mRNA
expression level showed only a moderate degreeroélation with BRAF and NRAS mRNA
levels in our specimens, indicating that CCND1 dhd upstream molecules BRAF and
NRAS may also have an independent effect on pragmwsmight cooperate with each other
to enhance for instance drug resistance [129]. Weaolt detect any significant correlation in
our tumor dataset between the changes in CCND1 mRi#ession and CCND1 protein
expression. This finding may be due in part to gelaion of protein degradation, which is
enhanced and regulated by the ROC1 protein. Thesiedsed expression of ROC1 can
increase the CCNDL1 protein level, without mMRNA @xgaression being involved [130].
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Another explanation for this result could be thestfranscriptional degradation of CCND1

MRNA regulated by the recently discovered miR-188tro RNA [131-133].

Although CCND1 genetic alterations and gene exprasshanges may have an
impact on melanoma progression, it would be impadrta examine its role in a larger set of
cutaneous melanoma to clarify the borderline assiocis. It would be also useful to compare
the CCND1 alterations of primary tumors and therresponding metastatic pairs. Finally,
the high intratumoral heterogeneity characterigiicmelanoma is also a huge problem and
may hide some important associations.

In recent years several research groups condutiéies to gain deeper insight into
the molecular background of malignant melanoma. éles, due to the high complexity of
the disease the achievements are limited and degeestions have remained. Therefore,
identification of biological markers that are alite improve the prognosis of aggressive
behavior would be essential. Based on our reshésatterations of both CCND1 and 731
including the expression changes of the locusedl&@AV1 and TES genes could have a
prognostic relevance in melanoma progression anwbiticells’ ability to form metastasis.
Finally, the interaction found between the CCNDheayalterations and activating mutation of

BRAF and NRAS emphasizes the importance of sysiemiagiw of malignant melanoma.
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Summary

The main purpose of the doctoral thesis was to @@rthe genetic alterations and gene
expression changes of candidate genes (CCND1, BRIFAS) and loci (7g31) with a
possible role in human melanoma progression, ardkefime the associations between these

alterations and the clinical-pathological paranmsetdmprimary melanomas.

Analysis of the 7931 region:

1. Significant associations were found between theycapmber alterations of 7931 and

poor clinical outcome.

2. mRNA expression analysis of CAV1 and TES genestéotan 7931 locus showed a
decreased CAV1 mRNA level in thick lesions, andrdased TES mRNA level in
samples formed multiple metastases, whereas eteViElES mRNA expression was

exhibited by primary melanomas formed only cutasemulymph node metastases.

3. CAV1 protein level was significantly higher in thjprimary tumors. Whereas TES
protein expression did not show significant assama with any of the examined

clinical-pathological parameters.

4. Amplification of 7931 is not or weakly correlateditiv the mRNA and protein
expressions of CAV1 and TES genes.

Analysis of the CCND1 gene:
1. Interphase FISH analyses of the copy number albesaiof CCND1 gene in primary
melanomas revealed significant correlations witlorpolinical outcome, which was

influenced by the mutation status of BRAF or NRASh@s in the term of sun exposure.

2. CCND1 mRNA level decreased in lesions with multipietastases and was correlated

with both the mRNA levels and mutation state of BR&hd NRAS genes.

3. CCND1 protein expression was associated with Bveskhickness, metastasis

formation, and shorter survival time.

In conclusion, amplification of 7931 and CCND1 abutave a prognostic relevance in
cutaneous melanoma predicting unfavorable outcofethermore, our data show that
expression alterations of the CAV1, TES and CCNPheg possibly affect many aspects of

tumor behavior.
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Osszefoglalas
A disszertaciéban ¢sszefoglalt vizsgalatok célji atyan gének (CCND1, BRAF, NRAS)

illetve lokuszok (7q31) genetikai és gén expresseitéréseinek vizsgalata, melyek szerepet
jatszhatnak human melanomak progresszidjaban. K&hihtovabba a fent emlitett eltérések
és a primer daganatok klinikai-patolégiai jelleinkdzotti 6sszefliggések atfogé analizise is.

A 7q931-es régio vizsgalata:
1. A 7q31 koépiaszam eltéréseinek primer melanomaklmrateéétekben veégzett FISH

analizise szignifikans 6sszefliggést mutatott kedvkstlen klinikai kimenetellel.

2. A lokuszon elhelyezkegd CAV1 és TES gének mRNS expresszios analizise esdkk
CAV1 kifejezodést tart fel vastag melanomakban, és a TES mRME csdkkenését a
tobbszoros attétképzrimer mintdkban; mig azok a 1ézidk, melyek csukaran vagy
nyirokcsomé metasztazissal rendelkeztek, emelked€ES mMRNS szinttel

jellemezheik.

3. A CAV1 fehérje szint szignifikdnsan magasabb vékprigner tumorokban, mig a TES

fehérje expresszié nem mutatott dsszefliggést egyeitsgalt paraméterrel sem.

4. A 7931 amplifikdcié nem vagy csak gyenge korrelgaio allt a CAV1 és TES gének
MRNS és fehérje expresszids valtozasaival.

A CCND1 gén vizsgalata:
1. A gén kopiaszam eltérések analizise primer melakbaraszignifikans 6sszefiiggést
tart fel a kedvedtlen klinikai kimenetellel. Ezt az dsszefluiggéstdbgisolta a BRAF és

NRAS gének mutaciés statusza a napsugarzasnakitett§ég esetében.

2. CCND1 mRNS szint cstkkenés figyelbeheg azokban a primer tumorokban, melyek
tobbszoros attétképzéssel jellemetkpts a gén expresszié korrelaciot mutat mind a
BRAF és NRAS mRNS szintekkel, mind pedig ez utd@#nek mutacids statuszaval.

3. A CCND1 protein fokozott expresszidja attétkepzEsserévidebb tuléléssel tarsul,

valamint a fehérje szint 6sszefliggést mutat a Bnetllmor vastagsaggal is.

Eredményeinket 6sszefoglalva, a 7q31-es lokusz@$l géen amplifikcidja prognosztikai
jelentbséggel birhat kutan melanomak kediten klinikai kimenetelével kapcsolatban.
Tovabba, az eredmények azt mutatjak, hogy a CAES Bs CCND1 gének expresszios

eltérései is szamos szempontbol befolyasolhatjdktumor biologiai viselkedését.
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