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Zusammenfassung

FGF18 ist einer von insgesamt 22 Fibroblasten Wachstumsfaktoren (FGFs).
Deregulierung der zugehorigen RezeptorTyrosinkinasen (FGFR1-4) ist in diversen
Krebsarten in der Tumorigenese involviert. FGF18 wird hauptsachlich von FGFR3 llic
und FGFR4 gebunden. Seine Funktion ist vor allem in der Embryogenese und in der
Entwicklung von Knochen- und Knorpelgewebe bekannt. Im Erwachsenenalter wird
FGF18 in Haarfollikeln exprimiert und reguliert die Instandhaltung der Haut und das
Haarwachstum. Melanome sind bosartige Tumore, die aus Melanocyten entstehen und
die meisten Todesfalle durch Hautkrebs verursachen. Untersuchungen haben ergeben,
dass FGF18 in hepatozelluldren und kolorektalen Karzinomen erhéht exprimiert wird
und die Expression mit fortschreitender Tumorentwicklung steigt. In kolorektalen
Karzinomen wird FGF18 durch den Wnt-Signaltransduktionsweg aktiviert und
stimuliert das Wachstum von Darmkrebszellen sowie die BlutgefaBbildung durch
endotheliale Zellen. Jiingste Untersuchungen zeigten erhéhte Expressionsmengen an
FGF18 in Melanom Zelllinien, was als Rationale zur genaueren Analyse lber die

Funktion von FGF18 in Melanom in dieser Diplomarbeit diente.

Eines der Ziele dieser Diplomarbeit war es die Expressionsanalyse auf weitere Zelllinien
auszudehnen. Weiters wurde die Expression von FGF18 als Protein in Gewebeproben
von Navi und malignen Lasionen in einem ,tissue microarray” verglichen. Die zwei
Melanom Zelllinien MJZJ, welche geringe endogene FGF18 Expression zeigt, und
FTSL/a, die FGF18 mittelhoch exprimiert, wurden herangezogen, um mittels , knock-
down” und Uberexpression genauere Funktion von FGF18, beziiglich Viabilitit,
Migration und Invasion in diesen Zellen zu analysieren. Da bereits bekannt ist, dass
FGF18 Expression im kolorektalen Karzinom durch den Wnt-Signalweg aktiviert wird,
wurde der Zusammenhang zwischen FGF18 Expression und der Wnt-
Signaltransduktionsaktivitdit in Melanom Zelllinien Uberprift. Um festzustellen
inwiefern FGF18 die Neoangiogenese in Melanomen beeinflusst, wurden zweierlei
Tests durchgefihrt. Einerseits wurde festgestellt, ob in Melanom Zelllinien, wie es in

Wachstumsfugen der Knochen der Fall ist, FGF18 die Expression von VEGF induziert
I



und dadurch die Neovascularisierung steuert. Andererseits wurden Lymph- und
Blutendothelzellen auf ihre Expression von FGF18 und allen FGF-Rezeptoren getestet,

um ihre potenzielle Signalverarbeitung von FGF18 zu lGberprifen.

Die Expressionsanalyse zeigte hohe Werte von FGF18 in einem grolRen Teil der
Melanom Zelllinien. Ebenso wurde im ,tissue microarray” eine signifikante Erhéhung
von FGF18 in malignen Lasionen gefunden. Die Analyse etwaiger autokriner Effekte
von FGF18 hat gezeigt, dass die Uberexpression keine Auswirkung auf Viabilitit, jedoch
einen positiven Effekt auf Migration und Invasion in den endogen wenig
exprimierenden MJZJ Zellen hat. FGF18 Uberexpression in den fiir gewdhnlich moderat
exprimierenden FTSL/a Zellen hatte keinerlei Auswirkung, jedoch zeigte der ,knock-
down” einen steigernden Effekt auf Viabilitdt und die Formation von Zellklonen in 2D
Zellkulturen und 3D Soft Agar Zellkulturen. Eine direkte Korrelation zwischen Wnt-
Signalaktivitat und FGF18 Expression in Melanom Zelllinien konnte nicht nachgewiesen
werden, weshalb hier vermutlich andere Regulationsmechanismen zugrunde liegen.
Ebenso scheint die VEGF-A Expression im Melanom nicht von FGF18 induziert zu
werden. Jedoch ist eine Beteiligung von FGF18 and der Neoangiogenese nicht
ausgeschlossen. In Lymph- und Blutendothelzellen wurde eine prinzipiell niedrige
Expressionsrate an FGF18 gefunden, was autokrine Stimulation dieser Zellen
ausschlieBen lasst. Andererseits exprimieren diese Zellen addaquate Mengen an FGFR4,
was die Signalverarbeitung von FGF18, das aus den Melanomzellen stammt, generell

moglich macht.



Abstract

FGF18 is one of 22 fibroblast growth factors. Research findings show that associated
receptor tyrosin kinases (FGFR1-4) are involved in tumorgenesis in a variety of cancer
types. FGF18 predominantly binds FGFR3 Illc and FGFR4 and plays a role in embryonic
morphogenesis and in development of bone and cartilage. In adulthood it is expressed
in hair follicles and regulates skin maintenance and hair growth. Melanoma is a
malignancy derived from melanocytes and causes most skin cancer deaths. Previous
publications reported upregulation of FGF18 in hepatocellular and colorectal
carcinoma with increasing levels during tumour progression. FGF18 was regulated via
the Wnt-pathway and stimulated growth of colon cancer cells and of colon-associated
fibroblasts as well as tube formation of endothelial cells. Recent studies unravelled a
generally high level of FGF18 in melanoma cell lines, which lead to investigation of the

roles of FGF18 in melanoma.

First, a panel of melanoma cell models was analysed for FGF18 transcript expression.
Furthermore a tissue array of 100 samples was evaluated for expression data on the
protein level. Two melanoma cell lines, MJZ) with low endogenous FGF18 expression
and FTSL/a with moderate endogenous expression were chosen for knock-down and
overexpression, in order to analyse effects of FGF18 on growth and viability as well as
migration and invasion. Since FGF18 was found to be controlled by the Wnt-pathway in
colorectal cancer, the correlation between B-catenin activation and FGF18 expression
was investigated. To unravel the contribution of FGF18 to neoangiogenesis in
melanoma, two approaches were performed. Since FGF18 regulates expression of
VEGF in the growth plate and thereby coordinates skeletal vascularisation, VEGF-A
expression was analysed in melanoma cell lines and correlation to FGF18 expression
was determined. Furthermore, immortalised lymph and blood endothelial cells were

analysed for their expression of FGFRs and FGF18.

The FGF18 expression data of 28 cell lines showed high expression in a considerable

fraction of melanoma cells. However, a correlation between type and origin of



melanoma and FGF18 expression was not found. Tissue array data revealed significant
increase of FGF18 in malignant lesions compared to nevi. Analysis of autocrine effects
suggest, that FGF18 overexpression has no impact on viability, but induces migration
and invasion in a low expressing melanoma cell line. In FTSL/a, a cell line with higher
endogenous FGF18 expression, overexpression did not show any effect. Interestingly,
knock-down of FGF18 in these cells seems to increase their viability and clone
formation in 2D clonogenic assay and 3D soft agar assay. Unlike in colorectal cancer,
FGF18 expression is at least not directly regulated by Wnt-pathway. Neither does
FGF18 induce VEGF-A expression, in contrast to what is described for the growth plate.
Analysis of lymph and blood endothelial cells unravelled the possibility of paracrine
angiogenic effects of FGF18. Expression data showed very low levels of FGF18, which
precludes autocrine signalling in endothelial cells, but sufficient levels of FGFR4 to

enable signal reception.
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Introduction

. Introduction

1.1 Cancer

The development of cancer is a process that can last for decades, in which a normal
cell becomes highly malignant. The disruption of homeostatic regulation is generally
regarded as the event that enables any kind of tumourigenesis in the first place.
Homeostasis determines whether cells remain quiescent, proliferate, differentiate or
undergo apoptosis.[1] By the accumulation of several genetic changes the cell acquires
specific properties to evade this control mechanism and enable malignancy. Six so
called classic hallmarks of cancer are described in the literature. One of them is the
self-sufficiency of the cells in growth signals. In combination with insensitivity to anti-
growth signals, the ability to evade apoptosis and limitless replicative potential,
uncontrolled cancer cell proliferation is enabled. Another crucial feature of malignant
cells is the capability to invade adjacent normal tissue and metastasise to distant
organs. When the tumour has reached a certain size, the sustainment of angiogenesis
is essential to provide the cells with nutrients and oxygen. [2-6] In the last couple of
years, research revealed some additional hallmarks of cancer. Enhanced anabolic
metabolism, cancer-related inflammation and genetic instability also seem to be

universal features of malignancy.[4, 7]

Carcinogenesis is a highly complex process and the variety of mutations which finally
lead to malignancy in each individual case is huge. Frequently, multiple genes are
affected by mutations. In many cases chromosomal abnormalities promote
malignancies and very often gene expression patterns are altered.[5] Generally, it is
distinguished between so-called “driver mutations” and “passenger mutations”. The
former, in principle lead to over-activation of growth promoting oncogenes and to
inactivation of growth-inhibiting tumour suppressor genes and therefore lead to a

growth-advantage. The “passenger mutations” have no contribution to cancer

1
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progression and exacerbate the quest to identify the malignancy promoting mutations.
[8-9] However, in many cases malignancy depends to a large part on aberrant
expression of one single oncogene. This so-called “oncogene addiction” denotes the

relevance of molecular targeted therapies.[10]

1.2 RTKs and cancer

Receptor tyrosine kinases (RTK) are one family of growth factor receptors, which is
commonly affected by mutations or expression alterations in human cancer. RTKs
feature an extracellular ligand binding domain, a single-pass transmembrane domain
and an intracellular tyrosine kinase domain. Ligand binding at the extracellular domain
leads to homo- or heterodimerisation of two RTKs. Thereby intracellular kinase
domains are activated and induce auto- and transphosphorylation. The
phosphorylated tyrosines act as docking sites for adaptor proteins. An intracellular
signalling cascade follows, which alters gene expression patterns. The signalling
pathways activated by RTKs often regulate cellular processes like proliferation,
differentiation, migration and survival. [11] As already mentioned, deregulation of
RTKs is commonly found in human cancer and in most of the cases RTKs act as

oncoproteins. Rarely, RTKs are found to be tumour suppressive. [12-13]

Not only RTKs but also their ligands potentially enhance progression of malignancies.
Receptors and growth factors may be involved in epithelial-mesenchymal transition
(EMT), a process by which an epithelial cancer cell acquires a mesenchymal phenotype
in terms of migratory capacity, a requirement for invasion and metastasis.
Furthermore RTKs and their ligands also play a role in cancer cell expansion and

angiogenesis.[13-14]

1.3 FGFs and FGFRs

One group of ligands and corresponding receptors of the RTK family, which are known

to be potentially involved in tumour progression are fibroblast growth factors (FGFs)
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and their receptors (FGFRs). There are 22 FGF genes in the human genome that code
for peptide mediators which are related in structural motives and their functions. [15]
FGF11, 12, 13 and 14 are referred to as FGF homologous factors (FHFs). They are FGF-
like peptides which are not secreted and neither bind to FGFRs nor activate FGF
dependent signalling pathways. Nevertheless, they show high sequence identity with

FGFs.[16]

Eighteen of the 22 genes encode genuine FGFs which are secreted. They are divided
into two sub-families, the hormone-like and the canonical sub-family. The former
consists of FGF19, 21 and 23 which act as endocrine factors in a FGFR-dependent
manner. FGF 1-10 16-18, 20 and 22 belong to the canonical sub-family and produce
autocrine and/or paracrine signals by receptor binding.[17] By means of structure
homology and phylogeny, the canonical FGFs are subdivided into 5 groups. The FGF1
group consists of FGF1 and FGF2. In contrast to all the other canonical FGFs, the
members of the FGF1 group are not actively secreted by cells but remain intracellular
till the cell decays. Genes of the FGF4 group (FGF 4-6), FGF7 group (FGF3, 7, 10, 22)
and FGF8 group (FGF8, 17, 18) encode a signal peptide which enables secretion by the
endoplasmatic reticulum pathway. Members of the FGF9 group (FGF9, 16, 20) are also

secreted although they do not contain such signal peptides.[15, 18-19]

Heparan sulphate proteoglycans (HSPG) play a considerable role in the efficacy of FGF-
FGFR binding. They consist of a proteoglycan core that is bound to two or three linear
polysaccharides. FGFs bind these negatively charged polysaccharides via electrostatic
interactions.[19] In the extracellular matrix of connecting tissue, HSPGs prevent
degradation, limit the diffusion and build micro environmental stores of FGFs. FGFs can
be released from these stores either by proteolytic enzymes or FGF binding protein
(FGF-BP). This protein is also secreted into the extracellular space and reduces the
affinity of heparin to FGFs, which, thereby, become available for signalling.
Additionally, membrane-bound HSPG acts as co-receptor and is involved in complex

formation between FGF, FGFR and heparin sulphate.[11, 19-20]



Introduction

The high affinity receptors for FGFs, the FGFRs, are a sub-family of RTKs, of which 4
genes are found in the human genome, FGFR1, FGFR2, FGFR3 and FGFR4. The gross
structure of FGFRs is very similar to most RTKs, and consists of an extracellular binding
domain, a single-pass transmembrane domain and an cytoplasmatic kinase
domain.[21] A schematic picture of FGFR structures can be seen in figure 1. The kinase
domain is split by an insert, a feature that is shared by kinase domains of two other
RTK families, VEGFRs (vascular endothelial growth factor receptors) and PDGFRs
(platelet-derived growth factor receptors). Within the FGFR family the extracellular
domains are also highly homologous and consist of three Ig-like (immunoglobulin-like)
loops, I, Il and Ill, and an acidic, serine rich region called the “acid box”. Ig-like loop |
and the acid box act autoinhibitory, while Ig-like loops Il and Il enable FGF ligand
binding.[22] FGFR1, 2 and 3 occur in two splicing variants in Ig-like loop Ill, referred to
as lllb and lllc. Accordingly, there are 7 FGFRs (FGFR1 lllb, FGFR1 llic, FGFR2 Illb, FGFR2
llic, FGFR3 lllb, FGFR3 llic and FGFR4), which differ in the spectrum of FGFs that they
can bind.[23-24] Table 1 shows the most prominent FGF receptor isoforms and their

binding ligands.

Igl Igl
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Figure 1: Structure of FGFRs, taken from Heinzle et al., 2011[25]



Introduction

Table 1: FGF receptor isoforms and their binding ligands [25]

Receptor Ligands

FGFR1-llb FGF1, FGF2, FGF3, FGF10, FGF22

FGFR1-llic FGF1, FGF2, FGF4, FGFS, FGF6, FGF8, FGF9, FGF16, FGF17, FGF18, FGF20, FGF21, FGF23
FGFR2-llIb FGF1, FGF3, FGF7, FGF10, FGF22

FGFR2-llic FGF1, FGF2, FGF4, FGFS, FGF6, FGF8, FGF9, FGF16, FGF17, FGF18, FGF20, FGF21, FGF23
FGFR3-llib FGF1, FGF9, FGF16

FGFR3-llic FGF1, FGF2, FGF4, FGF5, FGF6, FGF8, FGF9, FGF16, FGF17, FGF18, FGF20, FGF21

FGFR4 FGF1, FGF2, FGF4, FGFS, FGF6, FGF8, FGF9, FGF16, FGF17, FGF18, FGF19, FGF20, FGF21, FGF23

1.3.1 Downstream signalling of FGFs

Activation of FGF/FGFR signalling is accomplished by extracellular ligand binding
whereby the receptors are dimerised. This brings the cytoplasmic kinase domains in
close proximity and enables transphosphorylisation of tyrosine residues. Some of the
phosphorylated tyrosine sites act as docking sites for downstream signalling molecules
containing SH2 domains.[26-27] Downstream intracellular signalling pathways of
FGFRs are shown in figure 2. PLCy (Phospholipase Cy) for example, binds a
phosphotyrosine on the C-terminal tail of activated FGFR and hydrolyses PIP,
(phosphatidylinositol 4, 5-triphosphate) and thereby produces DAG (diacylglycerol)
and Pls (inositol 1, 4, 5-triphosphate). This triggers the release of calcium and PKC
(protein kinase C) gets activated. PKC is known to activate the MAPK (mitogen-
activated protein kinase) pathway.[27-28] Another adaptor protein, FRS2 (FGFR
substrate 2) binds a phosphotyrosine at the juxtamembrane region of the receptor and
gets phosphorylated. FRS2 potently activates several downstream pathways. Growth-
factor-receptor-bound protein 2 (GRB2) interacts with FRS2, followed by the
recruitment of either SOS which activates the MAPK pathway, or GRB2 associated
binding protein 1 (GAB1) whereby the PI3K/Akt (phosphatidylinositol-3 kinase/protein
kinase B) pathway is regulated.[23] A number of other signalling molecules are known
to be activated by FGFRs, like RSK2 (p90 ribosomal protein S6 kinase 2), STATs (signal
transducers and activators of transcription) and the non-receptor tyrosine kinase

Src[19, 29]
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Cytosol

Figure 2: Downstream signalling of FGFs, taken from Wesche et al., 2011 [30]

1.3.2 Regulation of FGF signalling

The duration and intensity of FGF signalling is strictly controlled by auto-regulatory
negative feedback-loops.[31] Sprouty proteins are the most important endogenous
inhibitors of signalling which are induced by FGFs and thus create a self-limiting feed-
back loop. In all analysed organisms Sprouty was found to have an inhibiting
function.[32-35] There seem to be several mechanisms by which Sprouty inhibits FGF
signalling. One of them leads to binding of GRB2, by which downstream signalling is
interrupted.[36] MKP3 (MAPK phosphatase 3) and Sef (similar expression of FGF) are
two other FGF signal inhibiting factors. Both attenuate the MAPK pathway.[29, 37-39]
MAP kinases, in general, cause a negative feedback-loop by phosphorylation of
additional serine and threonine sites of FRS2 which inhibits the recruitment of
GRB2.[40] On the other hand there exist some positive regulators as well. The
transmembrane protein FLRT3 (fibronectin-leucine-rich transmembrane protein 3)
advances MAPK signalling activated by FGFR.[41] FLRT1 and FLRT2 also positively

regulate FGF signalling.[42]
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The final termination of an FGF signal happens via internalisation of the receptors by
endocytosis, followed by degradation in lysosomes. The establishment of FGFR
ubiquitination, the signal for receptor degradation, is accomplished by the ubiquitin
ligase Cbl. After binding activated FRS2 the receptor gets ubiquitinated. [43]
Alternatively, endocytotic adaptor protein extended-synaptogamin binds FGFR, which
leads to clathrin-mediated and ubiquitin-independent endocytosis via adaptin-2.[44]
After endocytosis the ubiquitylated receptors are sorted by the ESCRT (endosomal
sorting complex required for transport) machinery. Depending on their grade of
ubiquitination, receptors are either transported to lysosomes where they undergo
degradation, or they are recycled by endosomes and transported back to the
membrane. [45-46] FGFR1 for example generally becomes heavily ubiquitinated and
subsequently degraded in lysosomes. FGFR4 normally receives light ubiquitination and
is therefore rather recycled to the membrane. This is consistent with the fact that
FGFR4 shows prolonged signalling compared to FGFR1.[45, 47] SPRED2 (Sprouty
related protein) is one factor which attenuates signalling by directing the FGFR to
lysosomes and causing degradation.[48] Different ligand binding can influence the
route of the receptor, as it was shown for FGFR2IIIb (KGFR, keratinocyte growth factor
receptor). FGF7 leads to degradation in lysosomes, while FGF10 prevents
ubiquitination and causes recycling of the receptor and prolonged signalling.[49] The
binding of N-CAM, a membrane bound cell adhesion molecule which can act as
alternative ligand of FGFR1, leads to recycling and sustained signalling of FGFR1 which

is important for cell migration.[50]

1.3.3 Physiological role of FGF signalling

In many cell types, FGF signalling was found to be involved in proliferation by
activating pro-survival, or anti-apoptotic pathways. In this context the MAPK pathway
is known to induce proliferation while the PI3K/Akt pathway has an anti-apoptotic
effect. By signalling cross-talk of MAPK and PI3K/Akt pathway migration can be
stimulated via FGF signalling.[19] Several FGFs are found to play a crucial role as

stimulating agents of cell growth and migration during embryonal development.[51-

7
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52] A very important function of FGFs is their role in wound healing. After damaged
tissue is removed by proteases FGFs are recruited. The upregulation of FGF-BP also
mobilises FGFs to lesions.[53-54] In detail, FGF1, FGF2 and the epithelial specific FGF7
and FGF10 greatly support wound closure and re-epithelialisation by stimulating
proliferation and cell migration of mesenchyme and epithelium.[55-56] The fact that
epithelial cells predominantly express splicing variant lllb of FGFRs and mesenchymal
cells mainly harbour FGFR lllc creates an epithelial-mesenchymal tissue cross-talk
which was found to have important functions in embryonal development and wound
healing.[53, 57-58] The FGF19 subfamily members, the hormone-like FGFs,
predominantly circulate systemically and show a variety of metabolic control
functions. To generate full activity, the binding of co-receptors like HSPG or klotho, a
transmembrane protein, is necessary.[17, 59] This subfamily predominantly binds
FGFR4 compared to most other FGFs. Studies with transgenic and knock-out mice
suggest a function in energy metabolism of FGF15/19.[60-62] Furthermore, FGF21 was
found to regulate lipid metabolism and FGF23 controls serum phosphatase levels and
vitamin D synthesis.[63-64] By influencing other key signalling molecules like HGF
(hepatocyte growth factor) and VEGF (vascular endothelial growth factor), FGFs

potentially influence angiogenesis. [65]

1.3.4 Mechanisms of aberrant FGF signalling regulation in cancer

As already mentioned, FGF signalling is involved in a variety of key processes within the
whole body and therefore needs to be regulated tightly. Aberrations in FGF signalling
are very often connected to human disease including the development of malignancies
whereat constitutive activation is implied mostly.[66-72] The mechanisms by which a

proper regulation is obviated are manifold.

Mutated FGFR genes are common initiators of theses aberrations. Dimerisation
causing mutations are the source of several developmental syndromes.
Achondroplasia for example arises from a mutation in the transmembrane helix in

FGFR3 leading to dimerisation and constitutive tyrosine kinase activation.[73] This
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mutation is also often found in bladder cancer.[74] Mutations of the kinase domain
itself, which result in constitutive activation, are involved in the development of
childhood sarcoma RMS (rhabdomyosarcoma).[66] Interestingly, in some human
cancers loss-of-function mutations are found in FGFR genes, which suggests, that they
feature tumour suppressing functions.[75] Mutations in FGF ligands are also found in
human disease but are mostly germline loss-of-function mutations. An FGF3 deficiency
leads to deafness. Ligand mutations in cancer are quite rare and their consequences
are not clear. Germline SNPs are thought to modulate malignant phenotypes in some
cancer types. An SNP in the FGFR4 gene seems to be linked to a more aggressive
behaviour and increased metastatic potential in a variety of cancer types, for instance
in lung, breast, skin, colon, and prostate cancer.[76-80] Several SNPs in intron 2 of
FGFR2 seem to increase the risk of breast cancer.[81-82] Particularly potent oncogenes
are fusion proteins of dimerising protein domains with kinase domains of FGFRs
caused by chromosomal translocations. They are permanently dimerised without any
ligand and continuously activate signalling. Due to the fact that they are not localised
at the cell surface but in the cytosol they escape any negative regulation and lysosomal
degradation. SCLL (stem cell leukemia lymphoma syndrome) is often linked to a fusion
protein containing the FGFR1 kinase domain.[83] Other chromosomal aberrations, for
example leading to multiple copy numbers of FGFRs are also found in connection with
cancer. Thus, 10% of all breast cancer patients harbour an 8p 11-12 amplicon which
leads to FGFR1 over-expression.[84-86] furthermore, amplification of FGFR1 is
frequently found in squamous cell lung cancer.[72] Alternative splicing in FGFR1,
FGFR2 and FGFR3 leads to altered ligand specifity which can result in aberrant
autocrine or paracrine signalling loops.[24] Impaired down-regulation of FGF signalling,
hence defective internalisation leading to higher receptor levels and prolonged
signalling is potentially caused by mutation in any involved protein and is found in
many types of cancer.[87] The inactivation of negative regulators is also suggested to
be involved in oncogenicity.[29] In prostate cancer, decrease of Sef and Sprouty is

common.[88-89]
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1.3.5 Targeting FGF signalling for therapy

One of the strategies to attenuate aberrant FGF signalling for cancer therapy is to
develop small molecule tyrosine kinase inhibitors. [90]By targeting the ATP binding site
on the intracellular tyrosine kinase domain such inhibitors have already been used
successfully against other RTKs in cancer.[12-13] This type of therapy may be relevant
for cancers deriving from FGFR over-expression, activating FGFR mutation, or
dimerised fusion proteins. Unfortunately, due to the high degree of homologies of
kinase domains within the whole RTK family, even receptor subtype-specific inhibitors
may have at least some effect on other related receptors. In combination with the fact
that RTKs are expressed all over the body, the high potential for systemic side effects
of these small molecule tyrosine kinase inhibitors are obvious. Although there have
been successful efforts targeting other RTKs, only few clinical studies targeting FGFR

have been completed.

Another approach of interfering with FGF signalling for cancer therapy is the use of
monoclonal antibodies. They can potentially target FGFRs as well as ligands. Blocking
of receptor binding and/or dimerisation can be achieved. Additionally monoclonal
antibodies may promote the removal of tumor cells by the immune system.[91] They
have already been used successfully in treatment of various cancer types with
deregulated RTKs. [12-13, 91] The advantage of this approach is the possibility of
generating antibodies that target specific FGFs or FGFR subtypes.[92] The monoclonal
antibodies act extracellularly and are therefore relevant as therapy tools for cancer
types that derive from over-expression of FGFs or FGFRs or harbour activating FGFR

mutations. Cytoplasmic fusion proteins cannot be targeted by this approach.

FGF ligand traps are another strategy and are most useful in cancer types that show
FGF over-expression. These traps consist of FGFR ligand domains and sequester FGF
ligands extracellularly and consequently prevent receptor binding on the cell

membrane. A most promising FGF ligand trap, FP-1039, a soluble fusion protein
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containing an FGFR1 llic domain and an Fc portion of 1gG1 prevents FGF1, FGF2, and
FGF4 binding and potentially blocks proliferation and angiogenesis. FP-1039 is being

tested in phase Il clinical trials.

1.4 FGF18

FGF18 belongs to the FGF8 group and is, besides FGF1, 2, 9, and 22, one of the factors
whose expression is not limited to embryonic development but occurs throughout life.

[93]

1.4.1 Structure, receptor binding and signalling pathways of FGF18

FGF18 is a glycoprotein with two potential N-linked glycosylation sites.[94] Its structure
is most similar to those of FGF8 and FGF17 since they all belong to one group. [95-96]
The nucleotide sequence of the human FGF18 gene shows 90% identity with the
murine gene and the FGF18 amino acid sequence of human and mouse is identical to
99%. [97-98] The first 26 amino acids form a hydrophobic tail which functions as signal

peptide for secretion.[95]

FGF18 has great receptor selectivity and binds to the llic splicing variant of FGFR3 and
to FGFR4 with high affinity and to FGFR2 lllc modestly. [99-103] Additionally, in
endochondrial development FGF18 interacts with FGFR1 in prehypertrophic and
hypertrophic zones. [104] FGF18 binding and subsequent dimerisation of FGFR3,
FGFR1 and FGFR2, lead to activation of MAP kinases and ERKs (extracellular signal

regulated kinases).[105]

1.4.2 Physiological role of FGF18

Embryonic development
Much of the investigation that was made on FGF18 leads to the conclusion that this

factor plays a considerable role in embryonic development. In studies performed in
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vitro and in vivo on embryos of mice, rats and chicks, FGF18 expression was found in
midbrain, lungs, pancreas, muscle and the intestinal tract.[95, 101, 106-111]
Furthermore, FGF18 seems to play a role in cortical neuron activity, hair growth and
skin maintenance and survival differentiation and proliferation of adenohypophyseal
progenitor cells.[112-114] Additionally, FGF18 expression was found in cephalic and

mandibular mesenchyme and in the heart of human embryos. [98]

Skeletal development

FGF1, FGF2 and FGF18 are the most important factors of the FGF family for bone
development and repair.[115-116] Accordingly, llic splicing variants of FGFR3 and
FGFR2 are positive regulators of bone formation.[117-118] FGF18 is required for whole
skeletal growth as several in vivo and in vitro studies have shown.[99-100, 118-120]
FGF18 knock-out mice die within 30 minutes after birth which is thought to be caused

by skeletal abnormalities that reduce thoratic volume and lead to cyanosis.

During long bone development FGF18 is expressed in the perichondrium, and during
calvarial bone development it is found in mesenchyme and osteoblasts. Especially in
the processes of chondrogenesis and osteogenesis, FGF18 seems to be involved.
Studies with knock-out mice unravelled FGF18 as a regulator of ossification in
endochondrial bone growth. FGF18 deficient mice also demonstrated the involvement
of this factor in osteogenesis, since they showed delayed long bone ossification and
low expression of osteopontin and osteocalcin, two osteogenic markers. Furthermore,
the closure of cranial structure was retarded. Other investigations discovered some
details of the involved signalling cascades within the MAPK pathway in this process.
Transcription factors Cbfal/Runx2 (core binding factor Al/runt-related transcription
factor 2) which are activated via the MAPK pathway control downstream expression of
the osteoblast differentiation genes osteopontin osteocalcin and collagen 1.
Osteoblast proliferation was found to be mediated by ERK and osteoclasts were
stimulated via RANKL (receptor activator of NF-kB ligand) and cyclooxygenase-2.[105]
Consequently, FGF18 can be considered as a positive regulator of osteogenesis. On the
other hand, since knock-out mice embryos show an increase in chondrocyte
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proliferation, chondrogenesis seems to be negatively regulated by FGF18. This may
happen by the inhibition of IHH (Indian hedgedog) signalling, a process involved in
chondrocyte differentiation.[99, 116, 119] These results are consistent with the fact
that FGFR3 activation was found to regulate osteogenesis positively but inhibit
chondrogenesis.[99] However, the effect of FGF18 on chondrogenesis may vary,
depending on the type of cartilaginous tissue it acts on. In the growth plate
chondrogenesis is suppressed by FGF18, but it seems to promote cartilage repair when
expressed in the periosteum during embryonic development. Furthermore, a study of
an osteoarthritis rat model showed that intra articular injection of FGF18 promotes

repair of damaged cartilage.[118, 121]

FGF2 is also known for its high significance in modulation of bone and cartilage
functions and the mitogenic action of FGF18 towards osteoblasts and chondrocytes
was found to be as strong as the one of FGF2.[105] Nevertheless, studies with mouse
models showed that targeted deletions in FGF2 result in a light decrease of the
number of osteoblasts and do not have an effect on chondrogenesis.[122] In contrast,
FGF18 deficient mice have severe problems with ossification and long bone
development, which highlights the more specific function of FGF18 on bone and
cartilage cells and may be sufficient for compensating the role of FGF2 in skeletal

formation. [105, 119]

Another study that displays the importance of FGF18 in bone development compared
FGF18 and FGFR3 knock-out mice. Both models showed similar phenotypes of long
bones and embryonic development, but compared to wild type, the FGF18 knock-out
resulted in shorter bones than the FGFR3 knock-out. This suggests an involvement of
interaction of FGF18 with other receptors like FGFR2 in long bone development.[99,
116]

Wnt and hegdgehog signalling, which are regulated by GSK3 (glycogen-synthase kinase
3), are essential for endochondrial bone formation. Investigations with mouse

embryonic cultures discovered that the repression of GSK3 results in activation of
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FGF18 by which chondrocyte and osteoblast differentiation is influenced. This led to
the suggestion that FGF18 may be regulated, by the wnt-pathway, in detail by GSK3 via

upregulation of B-catenin.[123]

Non-skeletal functions of FGF18
FGF18 seems to act as a pleiotropic growth factor, since several mesenchymal and
epithelial cells and tissues were found to be stimulated by FGF18 for proliferation,

including lug, kidney, heart, testes, spleen, skeletal muscles and brain.

Especially the effect on the digestive system has been demonstrated by administration
of recombinant FGF18 to mice. After only a few days, liver and small intestine showed
weight gain due to high proliferation. Ectopic expression led to similar symptoms, at
least in the liver. [95] FGF18 was found to be expressed in embryonic pancreas and
presumably has a specific function there, which is not yet understood.[110] Increased

expression of FGF18 may promote tumorgenesis in colorectal cancer.[124]

Respiratory system

FGF18 is expressed in embryonic and postnatal lungs. Studies with knock-out mice
suggest that FGF18 is involved in alveolar development in a late phase of embryonic
development but does not have an impact on lung branching morphogenesis. [95, 99,

109, 125]

Brain

In the course of many studies FGF18 expression was detected in brain tissue during
embryonic development but also in adulthood. It seems to be involved in the
organisation of the midbrain and the specification of left-right asymmetry.

Furthermore FGF18 stimulates glial cells.[101-102, 106-108, 111, 126-127]
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1.4.3 FGF18 in cancer

So far the role of FGF18 in cancer is a relatively unexplored field. However, recent
studies suggest that FGF18 may contribute to tumour progression in colorectal and
hepatocellular carcinoma. Analysis of colorectal tumour samples determined that 34
out of 38 tumours showed up-regulation of FGF18 and that expression levels increase
with tumour progression. In this study, FGF18 was found to have pro-tumourigenic and
pro-metastatic effects on tumour cells and the tumour microenvironment and may
stimulate neoangiogenesis.[128] Likewise in hepatocellular carcinoma, a study
unravelled the involvement of FGF18 in tumour cell survival and

neovascularisation.[129]

1.5 Melanoma

Skin cancer is the third most common malignancy in humans and two to three million
new cases are diagnosed per year. The most common forms are basal cell carcinoma,
squamous cell carcinoma and melanoma. Though with 132 000 cases melanoma
makes up only a small portion of new skin cancer cases each year, it is the most
dangerous type, causing the most deaths (WHO). Eighty percent of melanoma cases
are diagnosed at an early stage and are cured by surgery. Nevertheless, as soon as the
tumour has progressed and metastasized, prognosis is very poor. The median survival
rate of patients suffering from metastatic malignant melanoma is 6 months and only

5% survive 5 more years.[130]

There are 4 clinical subtypes of melanoma.[131] Nodular melanoma appears as a
raised nodule without any significant flat portion. The acral letiginous melanoma (ALM)
is the only type which does not seem to be associated with UV exposure, since it
occurs mainly on the palms of the hands, the soles of the feet or the nail bed. Lentigo
maligna is a subtype that predominantly is found on sun-exposed regions of elderly
persons. Superficial spreading melanoma (SSM) is the most common subtype and
appears flat with an intra-epidermal component. Frequent severe sunburns, especially

at early age seem to be in connection with the development of this decease.
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1.5.1 Melanocytes and the development of melanoma

Melanocytes are pigmented cells and predominantly reside in skin and eyes.
Coutaneous melanocytes are found in the basal layer of skin and hair follicles where
they produce pigments for skin and hair colour. A so-called epidermal melanin unit in
humans consists of one melanocyte which is associated with about 36 keratinocytes
that interact mainly via gap junctional intercellular communication.[132]. During
childhood, the stable ratio between melanocytes and keratinocytes has to be
maintained when the total skin surface expands. Proliferation of melanocytes
therefore has to follow distinct steps. First the melanocytes have to decouple from the
basement membrane and the keratinocytes. The melanocyte dendrites are retracted
before the cell can divide. Division is followed by migration along the basement
membrane in order to preserve correct distribution. Finally the melanocyte recouples
to the matrix and the keratinocytes, whereby another epidermal melanin unit is
formed. Not much is known about the half-life of melanocytes in adulthood but it is
suggested that they have very low proliferation rates unless stimulated by sunlight or
wounding.[133] Homeostasis of melanocytes is on the one hand regulated by
endocrine and paracrine factors like hormones, growth factors and cytokines, and on
the other hand by intercellular communication via cell- cell or cell-matrix adhesion
and gap junction intercellular communication (GJIC). Keratinocytes are known to play a
crucial role in several regulatory mechanisms of melanocytes. [134-135] Upon UV
radiation keratinocytes secrete factors which have an impact on melanocyte survival,
differentiation proliferation, motility and the production of melanin. The latter is
known as tanning response, which highlights the importance of melanocytes in

protection against UV radiation and skin cancer. [136]

E-cadherin is expressed on melanocytes and keratinocytes and is the major adhesion
molecule between these two cell types. The loss of E-cadherin expression seems to be
most critical for tumour progression since it leads to loss of keratinocyte control. In
most melanomas E-cadherin is down-regulated, as well as connexin (Cx) 26, 30 and 43,

which leads to the loss of GJIC and contributes to tumourigenesis.[134, 137-139] This
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may be associated with the expression of Snail family transcription factors, which is
also detected frequently in melanoma but not in melanocytes and correlates directly
with the loss of E-cadherin. Experiments showed that forced expression of Snail leads
to the down-regulation of E-cadherin. [140-141] The transcription factor Twist is
known to be expressed in carcinomas and leads to down-regulation of epithelial
markers like E-cadherin, but at the same time to up-regulation of mesenchymal
markers like N-cadherin and therefore may contribute to EMT in melanoma. Generally
melanomas with up-regulated Twist have poor prognosis.[142] Effectively, besides the
loss of E-cadherin, a gain of N-cadherin is generally observed in melanoma. This switch
in adhesion molecules leads to a change in communication partners, from
keratinocytes to other N-cadherin expressing cells, like fibroblasts and vascular
endothelial cells. This affects tumour stromal cell adhesion, invasion, migration and
gene expression of melanoma cells. N-cadherin expression on melanoma cells changes
cell morphology from a dendritic to a more rounded cell shape, thus making cells less
adherent, which plays a key role in metastasis. The tight junction protein, zonula
occludens protein-1 (ZO-1) is another factor found to be overexpressed in melanoma.
In the course of cadherin switching, it is recruited to N-cadherin based junctions and
subsequently reorganises the cytoskeleton, which leads to greater invasiveness of the
melanoma cell.[143] another melanoma associated antigen is Mel-CAM, whose
expression seems to be linked to down-regulation of E-cadherin.[132] It is considered
to be the major part of gap junctions between melanoma cells and its ligand functions
as co-receptor of N-cadherin. Mel-CAM is known to be involved in invasion and
metastasis.[144] Figure 3 gives an overview of cell-cell interactions of melanocytes and

melanoma cells, with the factors involved listed.
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Figure 3:(a) Interaction between melanocytes and keratinocytes is mediated via E-cadherin,
desmoglein 1 and connexins. (b)Melanoma cell-melanoma cell contacts are established by N-
cadherin/N-cadherin, Mel-CAM/ligand, avB3 integrin/L1-CAM, ALCAM/ALCAM and interactions of
connexins. (c) The connection of melanoma cells to the basal membrane is mediated via N-cadherin
and connexins and communication between melanoma cells and endothelial cells is accomplished via
N-cadherin/N-cadherin, Mel-CAM/Ligand, oavp3 integrin/L1-CAM, a4l integrin/VCAM-1 and
connexin interactions.[145-147] This figure is taken from Haass and Herlyn, 2005[148]

There is a traditional model for melanoma progression which describes six distinct
steps from normal melanocytes to a metastatic malignant melanoma: development of
a common nevus (1) with lentiginous melanocytic hyperplasia (2), aberrant
differentiation and nuclear atypia of melanocytes (3), radial growth phase (RGP)
melanoma (4), vertical growth phase (VGP) melanoma (5) and metastatic

melanoma(6). [131] Figure 4 shows schematic pictures of some progression stages of

melanoma.
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Figure 4: Schematic pictures of different steps in melanoma progression. (a) Normal skin. (b) Step 1:
nevus. (c) Step 4: radial growth phase (RGP) melanoma. (d) Step 5: vertical growth phase (VGP)
melanoma. This figure was taken from Grey-Schopfer et al., 2007.[149]
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The mutation of genes involved in regulation of growth which may lead to production
of autocrine growth signalling or loss of adhesion, plays a crucial role already in the
first step of this progression. Especially the disruption of intercellular signalling and the
consequent escape of regulation by keratinocytes enable melanocytes to proliferate
and spread.[134] This seems to be the major trigger for the development of nevi and
moles. Nevertheless, nevi and moles are benign and not necessarily progress to
malignant tumours due to cellular senescence, a natural tumour suppressive
mechanism. At the stage of radial growth phase the tumours are no longer benign,
may involve micro-invasion of the dermis and can progress to VGP melanoma with
metastatic potential. This progression from RGP to VGP is considered to be most

critical for the outcome of the disease.[150]

However, in many cases the development of melanoma cannot be explained by this
classical stepwise progression. Certainly, most melanomas arise within the epidermis
and subsequently invade across the basement region, but beside these in situ
melanomas, there are rare cases of de novo melanoma which originate from the
dermis. Also very rarely, melanomas occur in the dermis in association with congenital
nevi. Remarkably, about 50% of tumours which do not seem to have passed through
the classical steps, arise without any clinical precursor lesion, suggesting that
melanocyte precursor or stem cells may be another potential source for the

development of melanoma.[148]

1.5.2 Deregulated signalling pathways in melanoma

In order to understand the biology of melanoma, methods like comparative genomic
hybridisation and analysis of mutations by gene re-sequencing have been utilised and

revealed aberrant activity of several signalling pathways to be involved.

The signalling cascade along the G-protein Ras, which is attached to the inner cell
membrane, and the cytosolic protein kinases RAF, MEK and ERK was found to be
deregulated in a high percentage of melanoma. This pathway generally is known to
regulate cell fate decisions and is activated downstream of RTKs, cytokines and
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heterotrimeric G-protein-coupled receptors.[151]In normal melanocytes this cascade
is activated by growth factors like FGFs, SCF (stem cell factor) and HGF (hepatocyte
growth factor) which individually cause only a weak transient activation of ERK with
modest mitotic effect. A combined activation of ERK by several growth factors is
necessary for melanocyte proliferation [152-153] In 90% of human melanomas ERK is
found to be hyper-activated and is therefore considered to be a key regulator of
melanoma cell proliferation.[154] The mechanisms behind this over-activation are
manifold. Frequently observed causes in melanoma are for example autocrine signals
of growth factors or mutational activation of their receptors. Especially in melanoma
which are not considered to arise from UV radiation exposure, like the acral and
mucosal melanoma mutation or gene amplification of the RTK c-Kit, the receptor of
stem cell factor, is found.[155] Furthermore, oncogenic Ras genes can be the cause for
ERK hyper-activation. In about 20% of human melanomas a mutation in NRAS is found.
Less frequent are mutations in one of the other two Ras genes, KRAS and HRAS, in
melanoma.[156] However, the most frequently affected gene in melanoma is BRAF,
which belongs besides ARAF and CRAF, to the three human RAF genes. In about 50% of
all melanomas an activating BRAF mutation is found. There are 50 distinct mutations in
BRAF identified but the most common is an activating substitution of valin by glutamic
acid at position 600 (BRAFY®%) which accounts for 80% of all BRAF mutations in
melanoma.[157-159] Besides constitutive activation of ERK, which induces
proliferation and survival of the cell, BRAF'®%® activates several other genes
downstream like MITF (microphthalmia associated transcription factor), BRN-2 (POU

'NK42 3nd the

domain 3 transcription factor), the cell cycle regulators cyclin D1 and P16
tumour maintenance enzymes matrix-metalloprotease-1 and inducible nitric oxide
synthetase.[149, 160] Furthermore, BRAF'®% stimulates autocrine VEGF secretion and
therefore contributes to neoangiogenesis.[161] However, genetic analysis unravelled a
minor subgroup of melanomas that harbour a mutation in BRAF at another position
than V600, which leads to decreased activity of BRAF. This subgroup relies on CRAF
activity for activation of the MAPK pathway and thereby for cell growth and

survival.[159]
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The phosphoinositide-3-OH kinase (P13K) pathway is another signalling cascade which
was frequently found deregulated in melanoma. These kinases hyper-phosphorylate
membrane lipids, the phosphoinositides, which are thereby converted to second
messengers and activate downstream effector pathways.[162] Several cellular
conditions, like survival, proliferation, growth in respect of cell mass and motility are
regulated by the PI3K pathway. In a high proportion of melanomas, this signalling
cascade is hyper-activated. Mutations in PI3K itself are quite rare and occur in only 3%
of metastasising melanoma.[163] Nevertheless, over-expression of Akt (PKB, PI3K
effector protein kinase B) is found in 60% of melanomas.[164] PTEN (phosphate and
tensin homologue) negatively regulates the PI3K pathway activity. Five to twenty
percent of late stage melanomas harbour a loss-of-function mutation in PTEN that

leads to hyper-activation of the pathway.[165]

Interestingly, a study of three dimensional melanoma cell cultures showed that both
pathways, ERK and PI3K signalling need to be inhibited to suppress cell growth, which
suggests the importance of dual inhibition in melanoma treatment.[166] Genetic
analysis of melanomas unravelled that mutations of NRAS and BRAF, or NRAS and
PTEN are mutually exclusive, but a combination of mutations in BRAF and PTEN occurs
in 20% of the cases. This led to the conclusion that Ras must act upstream of BRAF and

PTEN and therefore activate both pathways.[149]

An important feature of melanoma to enable proliferation is the sustained expression
of MITF (microphthalmia-associated transcription factor). This transcription factor is
the major regulator of melanocyte biology, affecting expression of melanogenic
proteins, melanoblast survival and melanocyte lineage commitment. The level of
expressed MITF is essential for the effect on the cells. High levels reduce cell
proliferation and tumourigenicity, whilst critically low levels induce cell cycle arrest
and apoptosis. Only at moderate expression levels, MITF allows proliferation.[167-168]
Additionally, MITF can support melanocyte transformation in combination with
BRAF.[169] However, activated ERK phosphorylates MITF which is thereby tagged for
degradation. Hence, constitutively active ERK leads to constant down-regulation of
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MITF. How melanomas recover MITF expression is not quite clear, since only 10-16% of
metastatic melanoma show gene amplification of MITF. Anyway, MITF harbours a
TCF/Lef (T-cell factor/lymphoid enhancer factor) binding site and is therefore targeted
by B-catenin. Although stabilising B-catenin mutations are rare in melanoma, R-catenin
reservoirs in cells is found in 28%.[170-172] Besides, mutations causing up-regulation
of B-catenin are more common. These may be mutations which lead to silencing of
APC (adenomous polyposis coli), over-expression of transcription factor SKI or

alterations in p14°f¥.[173-174]

1.5.3 Senescence and how it is overcome in melanoma

“Replicative senescence” is a normal process of diploid cells, by which the ability to
divide is lost after a finite number of divisions. It is caused by telomere shortening and
tumour suppressors are activated.[175] “Stress-induced senescence” is a similar
process caused by DNA-damage, oxidative stress, or oncogenes. Accordingly,
senescence represents a barrier to many types of cancer which needs to be overcome

V600E

during tumour progression.[176] BRAF , for example, is a typical melanocyte

senescence inducing oncogene.

Senescence is a very complex mechanism, however, two central inducers are the
tumour suppressors p53 and RB (retinoblastoma protein).[177] The gene locus CDKN2
(cyclin-dependent kinase 2) encodes for 3 additional tumour suppressors, p14”%,
p15™** and p16™**?. p14”**F activates p53, p16™*? inhibits deactivation of RB and
p15™*** is suggested to have a back-up function for p16'™**.[178-179] Nevertheless, it

ARF can induce senescence in a p53 independent manner as well.

was shown that pl4
Studies with murine melanocytes and fibroblasts suggested that the importance of
each of these tumour suppressors in senescence is cell type dependent and unlike

ARF and not

fibroblasts melanocyte senescence seems to be strongly regulated by p14
by p53.[180-181] These findings are consistent with the fact that p53 mutations,
frequently found in human cancers, have a rare occurrence in melanoma of about 9%.

Indeed, aberrations of the CDKN2 locus are quite common in familial melanoma and
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INK4a ARF INK4b

most frequently affect pl6 " -, sometimes p14™ and rarely p15 . Additionally,

ARF

genetic or epigenetic inactivation of p14™ is frequent in melanoma.[182-185]

1.5.4 Strategies of therapy

Due to the manifold etiologies of melanoma several approaches on targeted treatment

have been tested by now.

Since BRAF is the most commonly mutated gene in melanoma, a number of small
molecule BRAF inhibitors have been developed and tested in vitro for potential
applicability in clinical studies. The first one to be extensively studied was sorafenib, a
kinase inhibitor which was originally developed as CRAF inhibitor. Although tumour

V60 melanoma xenografts, other studies showed that

regression was achieved in BRAF
sorafenib has a very weak inhibiting effect on BRAF. The tumour repressing action may
rather be achieved by inactivation of other targets like VEGFR or PDGFR, and may be
independent of BRAF inactivation. Clinical trials with sorafenib showed very low
response rates in melanoma cases with activating BRAF mutations. Nevertheless,
sorafenib showed pro-apoptotic activity on melanoma cell lines with low activity BRAF
mutations which generally rely on CRAF activity.[186-188] More recently developed
BRAF inhibitors were developed with higher specificity for BRAF. Preclinical studies
have been undertaken of dabrafenib, vemurafenib, SB590885, AZ628, XL281 and
GDC08-79.[189-192] Vemurafinib is an ATP-competitive RAF inhibitor and was found to

V600E

selectively inhibit growth of BRAF mutated melanoma cell lines and mouse

V600E

xenografts.[190, 193-194] Forty eight percent of BRAF mutated melanoma

patients responded to vemurafinib treatment, which led to its rapid clinical approval

V600E

and application for the treatment of BRAF mutated metastatic melanoma.[195]

VE0OE  mutated melanoma showed

Nevertheless, a significant percentage of BRAF
intrinsic resistance to vemurafinib.[191] Retrospective genetic studies could not detect
any differences between vemurafinib sensitive and resistant cell lines suggesting a
quite complex mechanism of resistance.[196] Unfortunately, almost all BRAF mutated

melanomas, which responded to vemurafinib ultimately developed resistance and
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therapy failed.[197] Dabrafenib is an ATP-competitve inhibitor of BRAF mutants
V600E/D/K, wild-type BRAF and CRAF and is currently clinically evaluated.[198]
Unexpectedly treatment with sorafenib, vemurafenib, dabrafenib and XL281 induced
proliferative squamous lesions as side effects. Clinical evidence suggests a paradoxical

activation of the MAPK pathway as a result of BRAF inhibition in these lesions.[199]

The members of the Ras protein family are low-molecular-weight GTP-binding proteins
and located at the plasma membrane, which are difficult to target. Franesyl
transferase inhibitors (FITs) were developed to target Ras by preventing membrane
localization. Unfortunately FITs showed only weak single-agent anti-tumour

activity.[200]

Consequently, attention was directed to find tractable downstream targets. Eventually,
efforts to develop MEK inhibitors have been made. Although clinical responses of most
of these inhibitors were disappointing, the MEK inhibitor trametinib showed a 20%

V600E

response rate in BRAF mutated melanoma patients.[201]

Currently there are 5 small molecular c-Kit inhibitors approved for treatment of GIST
(gastrointestinal stromal tumors) and CML (chronic myeloid leukemia), imatinib,
dasatinib, nilotinib, sorafenib and sunitinib. Recent studies suggest that these
inhibitors may be applicable in c-Kit mutated melanoma as well and that the nature of
the individual c-Kit mutation could possibly predict the response to these inhibitors,

which would enable a targeted therapy matched to the mutation.[202-203]

In light of these data the benefits of combination therapies become obvious, especially
in preventing the development of drug resistance of the tumour after a period of
response. In most cancer types, such drug resistances can be acquired by de novo
mutations in the drug-target gene. But there is no evidence for de novo mutations in
relapsing melanoma. Potential resistance mechanisms of melanoma imply up-
regulation of other signalling pathways, mainly PI3K or MEK/ERK.[204] Promising
results have been achieved by dual treatment simultaneously inhibiting BRAF and MEK

or MEK and PI3K by which the onset of resistance was overcome.[205-206]

24



Introduction

Recent preclinical studies, however, unravelled data that highlight the importance of
melanoma genotype analysis as basis for choosing the optimal therapy for each
individual patient. One of these emerging findings is that BRAF inhibitors paradoxically
activate MAPK activity in tumours which lack a BRAF activating mutation.[207]

V600 activity but on

Vemurafenib and others are on the one hand able to inhibit BRAF
the other hand can induce CRAF homodimers in melanomas with Ras mutations
leading to MEK activation.[208] In NRAS mutated melanoma vemurafinib can increase
invasive potential by activation of ERK and FAK (focal adhesion kinase).[209] Several
BRAF inhibitors were found to suppress apoptosis by modulating Mcl-1 (myeloid cell

leukemia sequence 1) expression in NRAS mutated melanomas and thereby contribute

to tumour progression.[210]
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1.6 Aims

Previous studies [211] determined expression patterns of FGFs in melanoma. Figure 5

shows collected expression array data from 11 melanoma xenografts.
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Figure 5: Collected expression array data of FGFs in melanoma.

The data shows that FGF1 and FGF2 are most prominently expressed in melanoma
amongst all genuine FGFs and there have already been some efforts to unravel the
distinct roles of these two ligands in melanoma. Interestingly, the median expression
of FGF18, in the samples, highlighted in red in figure 1, is almost exactly the same as

that of FGF1 making FGF18 one of the most highly expressed FGFs in melanoma.

Studies on colorectal cancer unravelled pro-tumourgenic effects of FGF18 via autocrine
and paracrine signalling. FGF18 expression was found to be elevated in colon
carcinogenesis and highly expressed in carcinoma. Up-regulation was found in 34 out

of 38 colorectal tumours.[128]

Although FGF18 is expressed in quite high levels not only in melanoma but in
melanocytes as well [212], the strong pro-tumourgenic action of this ligand in
colorectal carcinoma provides a rationale for detailed investigation of the role of

FGF18 in melanoma.
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One main aim of this thesis was to expand the expression data of FGF18 transcript
expression to a larger panel of melanoma cell lines and to investigate the expression of

FGF18 protein in tissue samples of human primary and metastatic melanoma.

The role of canonical Wnt-pathway activation, in melanoma progression is so far not
well understood, especially because literature reports concerning R-catenin expression
in melanoma are quite ambiguous. On the one hand, downregulation of RB-catenin was
found in correlation with tumour progression. [213-215] On the other hand, up-
regulation of phospho-R-catenin was found to correlate with poor outcome.[216] In
colorectal cancer, the elevated expression of FGF18 is based on the constitutive
activation of the Wnt-pathway, and a direct correlation between Wnt-pathway activity
and FGF18 expression level was found in colorectal carcinoma as shown in figure
6.[128, 217] Accordingly, another aim of this thesis was the examination of Wnt/R-
catenin signaling activity and whether FGF18 expression is controlled by this pathway

in melanoma cell lines.
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Figure 6: Correlation of FGF18 mRNA levels and Wnt-pathway activity was determined by linear
regression and was found to be highly significant. This figure was taken from Sonvilla et al., 2008.
[128]

Previous expression analysis of FGFR genes in melanoma revealed that the
predominantly expressed receptors are FGFR1 and FGFR4. Collected expression array

data is shown in figure 7.[211] Figure 8 shows the percentage of positive melanoma
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cell lines for each of the FGF receptor variants. [218] Considering the fact that FGF18 is
predominantly bound by FGFR3 llic and FGFR4, this data leads to the suggestion of

autocrine signalling cascades in melanoma via FGF18.
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Figure 7: Collected expression array data of FGF receptors in melanoma.
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Figure 8: Presence of all four FGF receptors and their isoforms displayed as percentage of positive
melanoma cell lines. RT-PCR data of 12 cell lines. This figure was taken from Sonvilla et al., 2008.[218]

These presumed autocrine signals were also subject of investigation in the course of
this diploma thesis. Specifically, the focus was laid on examining the effects of FGF18

on viability, motility and invasion of selected melanoma cell lines.

Besides VEGFs (vascular endothelial growth factors), FGFs are known to be involved in
angiogenesis during embryonal development and wound healing.[219] Sustainment of

angiogenesis of lymph and blood endothelia is a major requirement for progression of
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tumourigenesis and metastasis. So far, especially FGF2 was found to have inductive
effects on angiogensis in a paracrine manner in melanoma and other cancer
types.[220-221] FGF18 was found to promote angiogenesis in hepatocellular and
colorectal carcinoma.[128-129] To investigate a potetnial role of FGF18 in melanoma
angiogenesis the ability of lymph and blood endothelial cells to receive paracrine
signals via FGF18 was determined. Furthermore, in skeletal development, FGF18 is
known to induce VEGF expression and thereby coordinates neovascularisation of the
growth plate.[222] On these grounds, interest was laid on whether FGF18 may

contribute to neoangiogenesis in melanoma by up-regulating VEGF expression.
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II. Materials and Methods

A total of 28 different lines representing different stages and types of melanoma were
used for comparative analysis to unravel the role of FGF18. Table 2 gives an overview
of the used cell lines with respective melanoma type and origin in terms of stage of

progression and tissue of which they have been gathered from.

Table 2: List of analysed melanoma cell lines with information about respective origin and subtype.

cell line origin subtype cell line origin subtype
FTSLA/a VM-1 LN SSM MYAH VM-16 | ME unknown
GCRF VM-2 PT NM RALL VM-19 | PT SSM

GLU VM-4 LN NM RHTP VM-21 | PT NM
GTBS VM-7 PT NM RKTJ VM-23 | PT NM
GUBS/a VM-8 LN NM SHT) VM-24 | LN unknown
GYK VM-9 BN SSM TMFI VM-28 | BR unknown
HOIN VM-50 BR NM WCRE VM-30 | PT SSM
HOST VM-47 BR NM WLTJ VM-31 | ME NM
JMUM VM-10 PT SSM WPZA VM-32 | PT NM

JTST MV-11 ME NM XAPG VM-44 | PT SSM
KAKA VM-48 BR NM XBNE VM-34 | SC unknown
KRFM VM-13 ME NM XZFI unknown | unknown
LCWC VM-14 LN NM YDFR VM-41 | BR unknown
MJzJ VM-15 LN unknown skmel unknown | unknown

Legend: (VM) Vienna Melanoma number, official denotation; origin: (PT) primary tumour, (SC)
subcutaneous, (LN) lymph node, (BN) bone metastases, (BR) brain metastases, (ME) malignant
effusions. Subtypes: (NM) nodular melanoma, (SSM) superficial spreading melanoma.

Several approaches were applied in order to reveal the expression, regulation and
function of FGF18 in melanoma. One approach of investigating FGF18 expression was
done on protein level by evaluation of a tissue micro-array containing samples from
nevi, melanoma primary tumours and metastases. The second approach was

performed on the melanoma cell lines. Via quantitative Real-Time Polymerase Chain

Reaction (qQRT-PCR), expression on RNA level was evaluated.

To determine whether Wnt-pathway may play a role in the regulation of expression of
FGF18 in melanoma, as it was shown for colorectal cancer [128], Wnt-pathway activity
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was examined in several melanoma cell lines. Subsequently, this data was tested for

any correlation to the FGF18 expression data.

Melanoma cell lines with knock-down of FGF18 and FGF18 over-expressing melanoma
cell lines were established, in order to examine the role of autocrine signalling of
FGF18 in melanoma. A set of assays was performed to unravel effects of FGF18 on
viability, motility and auxiliary skills for metastasis of these knock-down or over-
expressing clones. Applied assays associated to viability were MTT assay, apoptosis
assay, clonogenicity assay, cell cycle analysis and establishment of growth curves. To
investigate changes in migration and metastasis auxiliary skills, scratch assay,
transmigration assay, invasion assay and anchorage-independent growth assay were

performed.

In order to analyze the possibility that FGF18 could contribute to angiogenesis,
telomerase immortalised lymph (LECs, T1S1) and blood (BECs, G1S1) endothelial cell
lines were included in the study. Expression analysis of FGF18 and the four FGF
receptors in these cells was done on the RNA level. To analyse whether FGF18
contributes to angiogenesis by activating VEGF expression, correlation between

expression of fGF18 and VEGF-A in melanoma cell lines was determined.

2.1 Cell culture

All melanoma cell lines were cultivated at 37°C and 5% CO, atmosphere in RPMI-1640
medium containing 10% foetal calf serum (FCS), abbreviated R10. According to
requirements either T25 or T75 cell culture flasks were used. Approximately twice a
week, confluent cells were washed with 1 x Dulbecco’s PBS +/+ purchased from PAA

then treated with trypsin/EDTA from Sigma and then passaged at a ratio of 1:10.
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2.2 Expression analysis on protein level - Tissue Micro Array

A tissue micro array containing 100 nevi or melanoma tissue samples plus a negative
control of hepatocellular carcinoma was purchased from Biomax. Twenty four of these
100 samples were from benign nevi and 56 from primary tumours, of which one
sample was stage 1, 48 stage 2, 5 stage 3 and 2 were stage 4 tumours. The residual 20
samples were metastases. The immunohistochemical staining of this tissue micro array
was carried out by my colleague Andreas Lackner. Three different genes were
detected and analysis was performed with primary antibody, enhancers and HRP
(horse reddish peroxidise) polymer tertiary antibodies (UltraVision, Thermo Scientific).
For staining of FGF18 a goat anti-human antibody, that had already been evaluated in
previous studies (Sonvilla et.al. 2008 [128]) was used in combination with DAB+ (3,3'
Diaminobenzidine ) chromogen. S100B antibody was applied in combination with AEC
(3-Amino-9-Ethylcarbazole) chromogen. Staining of the proliferation marker Ki67 was
also performed but proved not to be beneficial for the evaluation. Haematoxylin was
used as counterstain. S100B is an antigen found on benign melanocytic lesions and in
malignant melanomas, although the latter show decreased S100B antibody staining in
correlation with low proliferation rates.[223] This staining served to distinguish
melanocytic tissue from other epidermal tissue. The control samples were stained
solely with blue haematoxylin but also display the brown melanin pigments which are
produced by melanocytes. This is very important for the evaluation of the intensity of
the brown FGF18 staining, whereat the pigment staining needs to be subtracted.
FGF18 staining in hair follicles was also not comprised in the evaluation. By comparing
the control staining, the FGF18 staining and the S100B staining the intensity of the
melanocytic tissue of all 100 samples was comparatively evaluated. Each sample was
assessed with a number between 0 and 3, whereby 0 stands for no visible staining, 1
for slight, 2 for distinct, and 3 for intense staining by FGF18 antibody. Figure 9 shows

the different stainings of one sample.
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Figure 9: Exemplary pictures of control staining, FGF18 and S100B antibody staining of tissue samples
of a primary tumour stage 2 in 10x and 20x magnification.

2.3 Expression analysis on RNA level

In this analysis of expression level of a certain gene, the relative amount of mRNA of
the respective gene compared to a housekeeping gene was measured by qRT-PCR.
Therefore, the first step was to extract RNA from the cells to be analysed. In order to
increase stability of the genetic sequences of the RNA and thus making applicable for
gRT-PCR the synthesis of cDNA was necessary. RT-PCR was performed in an ABI 7500
Real-Time PCR system. This method was applied for analysis of FGF18 and VEGF-A
expression in melanoma cell lines as well as of FGF18 and FGFR 1-4 expression in LECs

and BECs.

RNA extraction

A T25 flask containing the required cell line at a confluence of 80% was used for this
RNA extraction protocol. After removing the growth medium from the flask and
washing the cells with 1 x PBS, 3 ml of guanidinium-thiocyanate-chloroform-phenol
(TRIzol) were added. After 5 minutes of incubation at room temperature the lysate was

transferred to a tube. Point two ml of chloroform were added per ml TRizol.
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Guanidinium-thiocyanate denatures proteins and releases rRNA from ribosomes. After
vortexing, the lysate was centrifuged at 12000 g for 15 minutes at a temperature
between 2-8°C. A biphasic-mixture developed. The lower organic phase mainly
consisted of chloroform and contained all proteins. The nucleic acids were dissolved in
the upper aqueous phase which was collected in a new tube for further purification.
Point five ml isopropanol were added per ml TRIzol, which precipitates RNA. After
mixing vigorously and incubating for 10 minutes at room temperature, the mixture was
again centrifuged at 13000 g for 10 minutes at a temperature between 2-8°C. The
supernatant was discarded and the pellet was washed with 1 ml 75% ethanol by
vortexing and was subsequently centrifuged at 7500 g for 5 minutes. The ethanol
supernatant was again discarded and the pellet was air-dried, then resuspended in 15
pul RNase-free ddH20. Concentration and purity of the RNA were measured with a
NanoDrop spectrophotometer. Nucleic acids show absorbance at 260 nm by which the
amount of RNA can be determined. The ratio of absorbance at 260 nm and 280 nm
indicates the grade of contamination by proteins. The value 260 nm / 230 nm shows
contamination by other organic compounds. Pure RNA shows ratio values of 260 nm /
280 nm between 1.8 and 2 and of 260 nm / 230 nm above 1. Only samples meeting
these criteria were used for further analysis. After measurement of purity and
concentration, integrity of the RNA was examined by agarose-gel electrophoresis. One
ug of each RNA sample was taken up in 5 pl RNAse-free ddH20 and 5 pl of urea buffer
were added. After denaturing the RNA at 70°C for 3 minutes the RNA was stained with
2 pl of the fluorescence stain Vistra Green. The mixture was loaded onto a 1.5%
agarose-gel. Gel electrophoresis was performed at a voltage of 80 V for 30 minutes.
The RNA was examined via a fluorescence detecting imager. Intact RNA shows two
distinct bands of 28S ribosomal RNA and 18S rRNA. Degraded RNA would appear as

smear on the gel. The RNA was stored at -80 °C.

cDNA synthesis
Two pg RNA were filled up to 13 ul with RNase-free H,0. For denaturation the RNA

was heated up to 70°C for 10 minutes. For each RNA sample to be transcribed, 4 ul of 5
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x buffer RT, 1 pl dNTPs (10mM each), 1ul reverse transcriptase (200 u/ul), 0.5 ul
Riboblock RNase inhibitor (40 u/ul) and 1 pl random primers (0.2 pg/ul) were used.
After adding the 13 pl RNA, the mix was incubated at 42 °C for 1 hour. In order to stop
the reaction, the mixture was heated up to 70°C for 10 minutes again. Finally 20 ul of

RNAse-free H,O were added and the synthesised cDNA was stored at -20°C.

qRT-PCR

For normalization of all different melanoma cell lines the mRNA amount of the
housekeeping gene GAPDH was synchronously measured with FGF18. In the same
manner, analysis of VEGF-A in melanoma cells and FGFR1-4 and FGF18 in LECs and
BECs was performed. Individual TagMan probes (TagMan® Gene Expression Assays,
AppliedBiosystems™), for each of the analysed genes, were used for qRT-PCR. Per
sample 6.25 pl polymerase and nucleotides mix (Maxima™ Probe/ROX gPCR Master
Mix, Fermentas), 0.625 ul of the respective TagMan probe, and 0.625 ul ddH,0 were
used and prepared in a Master Mix. After pipetting 7.5 pl of Master Mix into the 96
well plate and adding 5 ul of the fivefold diluted cDNA, the amplification was started

(see table 3). All analyses were performed in duplicates.

Table 3: Programmed stages for Tagman qRT-PCR

temperature | time repetitions
stage 1 50°C 2 1x
stage 2 95°C 10’ 1x
stage 3 95°C 15" 40x

60 °C 1

36



Materials and Methods

2.4 Determination of the impact of Wnt-pathway activity on FGF18

expression

Analysis of Wnt-pathway activity in melanoma cell lines

For this intent the use of a reporter gene system, referred to as TOP/FOP assay was
chosen. Cells were seeded into 24 well plates and each cell line was transfected with
four different combinations of 5 different plasmids. All combinations were tested in
duplicates. Figure 10 shows an overview of the plasmid combinations and the

respective functions.

transfected
plasmids  function
TOP R-catenin reporter
combination AB7 internal luciferase standard
WTOP Al examination of transfection efficacy
bingt FOP negative control for B-catenin reporter
combination . .
FOp* ABT internal luciferase standard
> Al examination of transfection efficacy
combination Al15 positive control for luciferase detection
»luciferase AB7 internal luciferase standard
combination examination of general transfection efficacy
EGFP” Al6 Luciferase negative, blank values

Figure 10: Overview of transfected plasmid combinations and their functions with schematic
illustration of experimental set-up on a 24 well plate.

TOP (TOPFlash, Addgene plasmid 12456 [224]) is a plasmid with 7 TCF/Lef binding sites
and functions as a B-catenin reporter plasmid. TOP also encodes a firefly luciferase as
reporter gene. The corresponding negative control plasmid is FOP (FOPFlash, Addgene
plasmid 12457 [224]) harbouring mutated TCF/Lef binding sites and the firefly
luciferase gene. Reporter gene activity of FOP therefore displays false positive signals
of TOP. A plasmid called pLUC encoding the firefly-luciferase gene controlled by a CMV
(cytomegalovirus) promoter was used as positive control for luciferase activity (pLuc-

IRESe-EGFPneo). pEGFP (pEGFP-N3, Clontech) is a plasmid that encodes an enhanced
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green fluorescent protein (EGFP) and was transfected into separate cell layers on the
one hand, and on the other hand co-transfected with the plasmids TOP and FOP, which
enables quick examination of general transfection efficacy by fluorescence microscopy.
Figure 11 shows two examples of cell lines with different transfection efficacies visible
by fluorescence microscopy. Additionally, pEGFP transfected samples functioned as
luciferase negative blanks. To create an internal standard for luciferase activity and
avoid erroneous evaluation due to differences in transfection efficacy amongst
samples and cell lines, the plasmid pRL (Promega), harbouring a Renilla-luciferase gene

was co-transfected.

Figure 11: Examples of two melanoma cell lines with different transfection efficacies. (a) FTSLA phase
contrast image, (b) FTSLA fluorescence microscopy, EGFP signal; (c) MJZJ phase contrast image, (d)
MJZJ fluorescence microscopy, EGFP signal.

For analysis, the Dual-Luciferase® Reporter Assay kit (Promega) was applied. This kit
consists of a Passive Lysis Buffer to lyse the cells, a Luciferase Assay Reagent Il (LARII)
which contains beetle luciferin - the substrate for firefly-luciferase -and a Stop&Glo
Reagent which arrests firefly-luciferase activity and contains Coelenterazine, the

substrate for Renilla-luciferase. When adding these substrates subsequently to the cell
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lysate, activity and therefore amount of both luciferases can be measured easily by

luminescence. The measurement was done with a TECAN Injector Luminometer.

TOP/FOP Assay — protocol

In the evening of day 1, 2 wells of a 24 well plate were seeded with 1.88 x 10° cells in
500 ul R10 medium per plasmid combination, per cell line. In the morning of day 2,
when the cells had reached about 50% confluence, the transfection was performed.
For each well, 2 ul Lipofectamine® 2000 (Invitrogen) were mixed with 48 pl OPTI-
MEM® | Reduced Serum Medium (Gibco) and incubated for 5 minutes at room
temperature. In the meantime the plasmid combinations were mixed and filled up to
50 ul per well with OPTI-MEM® . Table 4 shows the applied amount of each plasmid in
the respective plasmid combination. Each plasmid/ OPTI-MEM® solution was then
mixed 1:1 with Lipofectamine® 2000 / OPTI-MEM® solution and incubated for 20
minutes at room temperature. In each well medium was exchanged for 300 pl fresh
R10 before 100 pl of the respective transfection mixture were added to the cells. See

figure 10 for experimental set-up.

Table 4: Applied amounts of plasmids in the respective combinations.

plasmid 1 plasmid 2 plasmid 3
plasmid combination , TOP“ 100 ng pRL 800 ng TOP 800 ng pEGFP
plasmid combination ,FOP* 100 ng pRL 800 ng FOP 800 ng pEGFP
plasmid combination , luciferase” | 100 ng pRL 800 ng pLUC
plasmid combination ,EGFP* 800 ng pEGFP

After 6 hours, medium was removed and 500 pl fresh R10 medium were added.
Twenty-four hours later all wells were treated with 10 mM lithium chloride. Another
24 hours later, on day 4, transfection efficacy was checked for GFP fluorescence by
microscopy in order to decide whether further analysis was expedient. Since luciferase
assays are very sensitive in principle, analysis was continued even with very low GFP
signals. The cells were washed with 1 x PBS before 100 ul of 1 x Passive Lysis Buffer

were added. After incubation for 15 minutes at room temperature while shaking, the
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cell lysates were transferred into 1.5 ml tubes and treated with ultra sound for 10
minutes. In order to separate cell debris from protein solution the samples were
centrifuged for 10 minutes at 14000 rpm. Duplicates, in each case 10 ul of supernatant
of the sample, were transferred to a white 96 well OptiPlate™-96 (Packard). The
analysis was performed by an Injector Luminometer. The chosen program conducted
injection of 50 ul of LARII in one well followed by measurement of luminescence for 10
seconds before carrying on with the next well. When all wells were measured for
firefly-luciferase in this way, the program was repeated with Stop&Glo Reagent instead

of LARII, producing values for Renilla-luciferase activity.

The collected data of luminescence measurements were calculated as follows. First
values of blanks, hence of samples with plasmid combination “EGFP”, were subtracted
from all other values. Next, values of firefly-luciferse activity of samples with
combinations “TOP” and “FOP” were divided by respective values of Renilla-luciferase
activity, leading to a normalisation to enable comparative analysis of different cell
lines. Last, a relative value of RB-catenin activity to the negative control samples was
calculated by dividing the normalised firefly-luciferase values of combination “TOP” by
the normalised firefly-luciferase values of combination “FOP”. The result is the ratio
between the false positive signal intensity of the combination “FOP” and the actual R3-

catenin reporter signal intensity of the combination “TOP”.

2.5 Potential of autocrine signalling of FGF18 in melanoma

In order to investigate autocrine signalling of FGF18 in melanoma cells, two cell lines
were chosen for exemplary analysis. The cell line FTSL/a expresses FGF18 on a
moderate level and was utilised to examine the effects of FGF18 knock-down. In
parallel, overexpression of FGF18 was induced in this cell line. MJZJ is the second cell

line, chosen for analysis. Since MJZJ has a very low endogenous expression level of
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FGF18, establishment of a knock-down was not considered reasonable, but the cell line

was suitable for experiments with induced overexpression.

2.5.1 Establishment of FGF18 knock-down in FTSL/a

RNA interference was the chosen method to silence gene expression of FGF18 in
FTSL/a. Stable knock-down clones were created by stable transfection via lentiviral
particles carrying small hairpin RNA (Thermo Scientific, Open Biosystems, Expression
Arrest GIPZ Lentiviral shRNAmir) . These replication incompetent lentiviral particles
carry several sequences on their genome to facilitate simple application for the user as

well as efficient generation of knock-down clones as figure 12 shows.

cmMmv

VB CPPT I Zeo R ltGFP ! IRES!Puro™ shRNAmMir

\.ﬁ /

22
pGIPZ

Amp’ pUC Ori

\- yruis J

/ 5'LTR

Figure 12: Lentiviral vector plasmid (Thermo Scientific, Open Biosystems Expression Arrest GIPZ
Lentiviral shRNAmir Technical Manual).

RNA interference

RNA interference by small hairpin RNA is a natural mechanism of eukaryotic cells and
functions in post-transcriptional gene silencing. This process (see figure 13) starts with
the expression of a primary micro RNA that forms a hairpin structure. In the nucleus,
the dsRNA specific ribonuclease Drosha processes the pri-miRNA to pre-miRNA.
Subsequently the pre-miRNA is delivered into the cytoplasm by Exportin-5 where Dicer
cleaves off the hairpin-loop, separates the complementary strands of the dsRNA and
enables the formation of a complex with RISC. Depending on whether the
complementary sequence matches the target mRNA perfectly or partially, the binding
of the RISC complex to the target leads to translational repression or degradation of
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the mRNA. In both cases, no protein is produced from the targeted mRNA and the

gene is silenced.[225-226]
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Figure 13: RNA interference (http://www.genscript.com/siRNA_technology.html accessed on

9/26/12)

The special design of Thermo Scientic Open Biosystems Expression Arrest GIPZ
Lentiviral shRNAmir leads to expression of human micro RNA 30 (miR30) primary
transcripts in the transfected cell. These miR30 sequences provide recognition sites for
the dsRNA specific ribonuclease Drosha. Due to this miR30 design the processing
efficiency by Drosha in the nucleus and Dicer in the cytoplasm is 10 times higher than
in other shRNA designs [227]. Consequently, more siRNA/miRNA is produced and the
knock-down ability is potentially higher. Another design feature of the construct
provides strand specific incorporation into the RISC (RNA induced silencing complex),
which also increases efficacy. The complementary target sequence itself shows more

than three mismatches to any other human or murine genome sequence.

A set of three FGF18 knock-down viruses differing in their small hairpin target
sequences within the human FGF18 gene, referred to as “6”, “7” and “8”, was applied.

Additionally, a positive and a negative control knock-down virus were used. The
42
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positive control virus targets the housekeeping gene GAPDH and the negative control a
non-silencing construct, carrying a small hairpin which is not complementary to any

human sequence.

Procedure of lentiviral transduction

Sixteen thousand cells were seeded per well of a 96 well-plate in 100 ul of R10. After
incubation of 20 hours at 37°C and 5% CO, the transfection was started. For that
purpose the medium was changed to 110 pl of fresh medium containing 8 pg/ml
polybrene. Virus particles of an MOI (multiplicity of infection) of 10, hence ten viral
particles for each seeded cell, were added. Triplicates for each viral construct were
applied. After another 20 hours of incubation at 37 °C and 5% CO, the medium
containing the viral particles was taken off and 120 ul fresh R10 were added. Two days
after transfection, the selection with puromycin was started. In addition to fresh R10,
0.8 pg/ml puromycin was added to two of the three wells containing transduced cells
of each viral construct. Additionally, untransduced control cells were treated, to
determine the efficacy of puromycin selection. One well per viral construct was not
treated with puromycin and received fresh R10 only, in order to create clones which
would be selected subsequently via Fluorescent Activated Cell Sorting (FACS) on the
basis of GFP expression. On day 3 after transfection, the cells, which had not received
puromycin were expanded to a 6 well plate in 2 ml of R10. After five days the medium
was changed. Another 8 days later, a big part of the cells were not attached to the
bottom of the well but still alive, which was why the supernatant of the wells was
transferred to another 6 well plate. The cells in the old well as well as the transferred
ones received fresh R10. Six days after starting the antibiotic selection, the
concentration of puromycin was raised to 2 pug/ml, since the survival of untransfected,
but treated cells indicated 0.8 ug/ml as an insufficient amount. Additionally, the cells
received fresh R10. Sixteen days after transfection, cells of one of the two wells per
viral construct were expanded to a 6 well plate and received 2 ml of fresh R10 with 2
ug/ml puromycin. The remaining wells on the 96 well plate also received 100 ul fresh

R10 containing 2 pg/ml puromycin. Twice a week the cells received fresh medium. The
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ones on selection were always treated with 2 pug/ml puromycin additionally. Thirty one
days after transfection, the cells treated with the viral constructs GAPDH shRNA and sh
non-silencing control, which did not receive puromycin, had built a stable layer in the 6
well and were expanded to a T25 Flask. Two days later, the unselected FGF18 knock-
down clones were also ready for such an expansion. The puromycin treated cell lines
generally showed lower proliferation velocity and were cultured for further 14 days
before they were ready for expansion into a T25 flask. Again the cells received fresh
R10 and respectively 2 pg/ml puromycin twice a week till they formed a confluent
layer. Next the unselected but transfected cell layers of each virus construct were split
and partitioned to two T25 flasks, of which one was sorted by FACS. Afterwards the
cells were partitioned to two T25 flasks again. The cells of one flask were frozen for
backup as soon as the layer was confluent again. The transfected and puromycin
selected cells were also frozen for storage, but not used for further experiments, since

the unselected cells were preferred for examination.
Freezing living cells

To freeze backups of the stably transduced cells, DMSO, dimethyl sulfoxide, was added

to the medium and functions as cryoprotectant.

The medium was removed from the T25 flask and the cells were washed with 1 x PBS,
before 700 pl of trypsin were added. After 5 minutes of incubation at 37°C and 5% CO,
it was checked microscopically, whether the cells had detached from the flask ground
before 4.3 ml 10% serum medium were added and the cells were collected in a 15 ml
tube. The cells were centrifuged at 700 rpm for 5 minutes and the supernatant was
discarded. The cell pellet was resuspended in 3 ml R10 and 150 pl DMSO were added
dropwise. One ml aliquots were then carried over into cryotubes (Greiner bio-one). In
order to freeze the cells slowly, the aliquots were stored in styrofoam boxes at -80 °C

overnight before storing them in liquid N,.
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Evaluating the efficiency of the FGF18 knock-down

The relative amount of the respective mRNA present in the transfected cells correlates
with the knock-down efficacy of the hairpin. Therefore, RNA was isolated from cells
and cDNA was synthesised. Evaluation was done by quantitative real-time PCR. See
chapter 2.3 for gRT-PCR details. The clones which received the virus with the highest

efficacy were chosen for further analysis.

2.5.2 Inducing overexpression of FGF18 in FTSLA/a and MJZJ

The chosen method for inducing FGF18 overexpression was adenovial transduction
(AdEasy) with a construct carrying the FGF18 under control of a CMV promotor,
referred to as adFGF18. A negative control virus construct featuring a GFP gene, called

adGFP, was applied simultaneously.

Testing the efficacy of adenovirally-induced FGF18 overexpression

The increase of FGF18 expression resulting from adenoviral transfection was kindly
evaluated by my colleague Lukas Ratzinger by gRT-CR analysis. Three different virus
concentrations, MOI 3, MOI 10 and MOI 30 were tested. Already at the lowest
concentration of MOI 3, an elevation of FGF18 expression higher than 11 000 fold in
FTSLA and 6 000 fold in MJZJ was reached and considered to be sufficient for further

application. Figure 14 shows expression levels of FGF18 after adenoviral transfection.
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Figure 14: Expression levels of FGF18 in FTSL/a and MJZJ after adenovial transduction. (a) and (b)
show 2-ACtx105 values of qRT-PCR. (c) and (d) display the respective fold expression compared to
untransduced cells.

Adenoviral transduction protocol

Due to the very high titers of the adenoviral stocks, and the small numbers of cells
required for several of the implemented assays, effective individual transduction in
each well was not feasible. Therefore many of the assays, namely MTT, transmigration,
invasion, clonogenicity, anchorage independent growth assay, apoptosis test and
growth curve establishment, were generally performed synchronously allowing
antecedent transduction of a higher number of cells. Transduction for scratch assay

was performed directly in the 6 well-plates which were used for further analysis.

Per cell line in each case 1.2 million cells were seeded into 3 T25 flasks. After 6 hours of
incubation in the incubator, when the cells had attached to the bottom of the flask,

adenoviral particles adGFP or adFGF18 were added at an MOI of 3 to each flask. The
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cells in the third flask were used as untransduced control group and were also
subjected to the subsequent experiments. On the next day the transduced cells were
washed 3 times with 1 x PBS in order to remove remaining viral particles from the

medium. The FGF18 over-expressing cells were then seeded out for further analysis.

Analysis of viability and growth

2.5.3 Viabilty test - MTT assay

MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) is a vyellow

tetrazol, which is reduced to formazan by reductases like succinate-dehydrogenase, or
reduction equivalents like NADH or NADPH. Since these substances are produced by
viable cells, the amount of produced formazan correlates with the number of living
cells. Formazan has an absorption maximum at 550 nm and can therefore easily be
qguantified by spectrometry. The OD of formazan indirectly reflects the number of

living cells.

For MTT assays, 96 well plates were used and for each sample 3000 cells were seeded
out in 100 pl R10 per well. Triplicates were applied. After 5 days of incubation at 37°C
and 5% CO, atmosphere, the growth medium was removed and a tenfold dilution of
the MTT reagent in R10 was added. Synchronously three wells without cells were also
treated with the MTT solution, which functioned as blanks. When the colouring of the
samples was optimal to detect differences, which was decided by visual judgement,

the absorption at 550 nm was measured.

2.5.4 Apoptosis test — caspase assay

Caspases are proteases that play a key role in inducing apoptosis in mammalian

cells.[228] Thus, analysis of caspase activity is an adequate way to determine the rate
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of apoptosis initiation in cells. The applied Caspase-Glo© 3/7 Reagent (Caspase-Glo©
3/7, Promega) contains, besides an appropriate cell lysis buffer, luminogenic
substrates for caspase 3 and 7. This allows quantitative detection of the activity of

these two caspases in cell lysate by luminometric measurement.

For each approach 4 wells were seeded with 15 000 cells in R10 on a 96 well plate.
After 24 hours cells were washed with 1 x PBS. Two wells of each approach received 50
pl starving medium containing 0.1% serum. The residual two wells served as control
for starvation and received normal R10. For each serum concentration, two wells were
filled with 50 pl of the respective medium, which later on served as blanks, since the
amount of serum was found to have much influence on the measurement of
luminescence, in such an amount as that 0.1 % serum gives values between 50 — 150
emission, whereas 10 % serum show much more Caspase activity with values between
450 — 650. After 48 hours of starvation, analysis was performed. 50 ul of Caspase-Glo©
3/7 reagent were added to each well and incubated for 1 hour and 30 minutes at room
temperature. Then, 90 pl from each well were transferred to a white OptiPlate™-96

(Packard) and luminescence was measured with a TECAN Luminometer.

For calculation of the results the blanks of the respective serum concentration were

subtracted.

2.5.5 Clonogenicity assay

This assay tests the ability to form clonogenic cell aggregates arising from a single cell,

in other words the ability of a single cell to multiply without any cell-cell contacts.

One thousand cells per well were seeded in 2 ml R10 on a 6 well plate. Henceforth, the
progression of clones was inspected from time to time by transmission light
microscopy. Medium was changed every 7 days. When the clones had reached an

appropriate size and eventual differences to control groups were obvious, the cells
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were washed with 1 x PBS and then fixed with 1 ml 1:3 methanol:aceticc acid. After 30
minutes incubation time, while shaking, the fixed cells were again washed with 1 x
PBS, then stained with 500 pl crystal violet solution. Duration of the staining was cell
line-dependent and lasted from 20 minutes up to several hours. Afterwards the
staining solution was removed and the cells were washed once with ddH,0. When the

wells were dry again, pictures were taken.

Analysis of crystal violet staining intensity in clonogenic, transmigration and invasion
assay

In order to measure the intensity of the staining, which correlates with the number of
stained cells, the crystal violet was eluted again with 2% SDS destaining solution. The
amount of applied destaining solution was dependent on the staining intensity and
was chosen, so that the most intensively stained sample was eluted completely.
Usually 250 — 1000 pl were applied on 6 well plates and 100 — 300 pl in 24 well plates.
From each well, duplicates of 50 ul of destaining solution were transferred onto a 96
round bottom well-plate. The intensity of crystal violet in the destaining solution was

measured spectrometrically at its absorption maximum of 550 nm.

2.5.6 Growth curve establishment

On day 1, in each case 70 000 cells were seeded into 8 wells of 6 well plates.
Henceforth, every second day, the cells of two wells were collected and counted. To
collect the cells 300 ul of trypsin were applied per well and after short incubation in
the incubator trypsin was inactivated by adding 950 ul R10. The counting was

performed via a CASY cell counting system.
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2.5.7 Cell cycle analysis

This analysis determines the percentage of cells in each cell cycle stage. The fraction of
cells in one stage reflects the duration of this stage. Determination of the stage was
done by evaluating the DNA amount in the cell via propidium iodide (PI) DNA staining
and subsequent measurement by FACS (fluorescence activated cell sorting). In stage
G0/G1, cells show normal diploid DNA content. Cells with doubled diploid
chromosomes and thus twice the diploid DNA content reside in stage G2/M. When
cells show a DNA amount in between these two values they were in S-phase at the

time of fixation.

DNA staining protocol

First the PI staining solution, containing 50 pug Pl and 50 pg RNase A in 1 x PBS, was
prepared. A confluent cell layer of a T25 flask was gathered for cell cycle analysis. After
applying trypsin/EDTA the cells were resuspended in 5 ml 1 x PBS and transferred into
a 15 ml tube. The cells were centrifuged at 600-1200 rpm and the pellet resuspended
in 3 ml cold 70% ethanol for fixation. Incubation for 30 minutes at 4°C followed.
Alternatively, the cells could be stored at -20°C in 70% ethanol. After another
centrifugation the cells were resuspended in 2-3 ml 1 x PBS and transferred into a
round bottom tube suitable for FACS. Again the cells were centrifuged and after
removing the PBS, resuspended in 0.5 ml staining solution. At least for 10 minutes the

staining was incubated at 4°C before analysis by FACS.

Analysis of migration and metastasis auxiliary skills

2.5.8 Scratch assay

The ability of cells to migrate is a very important feature for metastasis and therefore

indicates the aggressiveness of the original tumour. This assay tests the ability of
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confluent cells to close a scratch wound induced by with a pipette tip on a culture

surface.

Per well, 500 000 cells in 2 ml R10 were seeded on a 6 well pate. As soon as the cells
had formed a confluent layer, a cell-free space was introduced into the cell layer by
precise scratching with a 200 ul tip. Four scratches were made per well. Eventual
unattached cells were removed by washing with 1 x PBS. Pictures were taken of each

scratch after 0, 4, 8, 24 and 48 hours.

2.5.9 Transmigration assay

In this assay special membranes with 8 um pores, so-called trans-well inserts, are used
to test the cells” ability to migrate through this barrier. Hence, here as well, the

aggressiveness of the original tumour is analysed.

For this assay 24 well plate trans-well inserts were needed. First 800 pl of R10 were
added to each well. Then the trans-well inserts were put into the wells and 40 000 cells
were seeded onto the trans-well inserts in 200 pl R10. After 72 hours of incubation at
37°C and 5% CO, atmosphere the inserts were removed and the medium in the wells
was changed. When the clones had grown to a proper size and eventual differences
between the samples were evident, the growth medium was removed and the cells
were washed with 1 x PBS before they were fixed stained with crystal violet and

analysed as described above for the clonogenic assays.

2.5.10 Invasion Assay

This assay differs from transmigration assay by an additional collagen layer on the filter
of the trans-well insert, which the cells needed to invade to migrate through the filter.

This is supposed to simulate the invasion of surrounding tissue in metastasis.

First, 800 ul of 20% serum medium were added per well of a 24 well plate. The higher

serum concentration in the lower well was applied in order to achieve an enticing
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effect towards the cells. Trans-well inserts were put into the well and 28 ul of a cold
collagen/PBS solution (1:12.25) were pipetted onto the filters of the trans-well inserts.
The collagen layer was hardened in the incubator overnight. On the next day 40 000
cells were seeded onto the layer in 200 pl of R10. After 72 hours the trans-well inserts

were removed and analysis was performed in the same way as in transmigration assay.

2.5.11 Anchorage independent growth — soft agar assay

This assay tests, similar to the clonogenic assay, the ability of single cells to form cell
clones without cell-cell contacts. Additionally, the cells are embedded in a three

dimensional nutrient agar and anchorage of any kind is thereby prevented.

One point five ml of a 1:1 mixture of agar (12 mg/ml in ddH,0) and 2 x medium with
additives of glutamine, NaHCOs, folic acid, FCS and penicillin/streptomycin were
poured into wells of a 6 well plate and stored in the incubator overnight. On the next
day, 30 000 cells in 750 ul R10 were mixed with the above described 1:1 mixture of
agar and 2 x medium and seeded onto the prepared soft agar in the 6 well plate. By
incubating the plate at 4°C for 3 minutes the liquids hardened quickly so that the cells
were three dimensionally distributed in the soft agar. Henceforth, the progression of
clone formation was inspected from time to time by transmission light microscopy.
When clones in the soft agar had reached a certain size and eventual differences to
control groups were visible, pictures were taken from all clones within exemplary
vertical areas. The evaluation was made by counting the clones in the pictures and

measuring their diameters.
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lll. Results

3.1 FGF18 protein expression in melanoma tissue samples - Tissue

Microarray

Analysis of FGF18 expression in tissue samples was done by evaluation of a tissue
microarray. Immunohistochemical staining of each core was assigned a value between
0 and 3, whereat 0 stands for no visible staining, 1 for weak, 2 for distinct, and 3 for
intense staining. Table 5 lists staining intensities for the different categories of tissue
samples.

Table 5: Overview of all samples analysed in this tissue array. The numbers of samples of each

melanoma stage showing no (0), weak (1), distinct (2) and intense (3) staining are listed. The bottom
line shows the sum of analysed samples of each stage.

staining intesity nevi primary tumors metastases
(asessement number) stagel stage2 stage3 stage4d
0 8 8 1 3
1 11 1 20 2 10
2 5 20 2 7
3 1 0
total number of
samples 24 1 48 5 2 20 100

In order to illustrate any differences of FGF18 expression between the represented
stages, mean values and standard error of the assessments of each stage were
calculated and are displayed in figure 15. Overall there was a slight increase in FGF18
expression in melanoma tissue compared to nevi. Since there were only 1, 5, and 2
samples in stage 1, stage 3, and stage 4 melanomas, respectively, the apparent
increase of mean staining intensity with tumour stage needs further evaluation. There
was no significant difference between primary tumours and metastatic lesions as it can
be seen in figure 16a. Comparison of non-malignant nevi to all malignant samples,
hence primary tumours and metastases, showed a significant increase of FGF18

expression (p =0.0269), which is displayed in figurel6 b.
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Figure 15: Mean values (with SEM) of staining intensity assessments of each represented stage.
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Figure 16: comparison of mean values (with SEM) of staining intensity assessments of (a) nevi, all
primary tumours and metastases and (b) non-malignant lesions (nevi) and malignant lesions (all
primary tumours and metastases). The asterisk indicates a significant difference of p = 0.0269.

3.2 FGF18 gene expression in melanoma cell models

For analysis of expression of FGF18 in melanoma cell lines, mRNA levels were
measured by gRT-PCR. Therefore RNA was extracted from each cell line. For
evaluation of RNA amount the RNA extracts were transcribed into cDNA and then
analysed via qRT-PCR. Expression of GAPDH was analysed as well, in order to establish

an internal standard. To normalise the FGF18 Cr values, the corresponding GAPDH Cr
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values were subtracted. Since these dCr values are indirectly proportional to the

original amount of cDNA in the sample, they are converted into 2.

Figure 17 and 18 display 279"

values of all tested melanoma cell lines arranged
according to expression level. The colour code of figure 17 assigns the types of

melanoma of each sample, whereas figure 18 denotes the respective origin.

Studies of Thomas Metzner showed that FGF18 expression level of melanocytes would
be integrated into these graphs (figure 17 and 18) somewhere in the midfield.
Consequently, it can be assumed that about half of the analysed melanoma cell lines
show increased levels of FGF18 expression, in some cases, like JTST or XAPG, extremely
high over-expression, whereas the other half express decreased levels, whereat none
has lost expression completely. The distribution of melanoma subtypes along FGF18
expression levels does not indicate any correlation between subtype and FGF18. Also
the respective origins of the cell lines do not seem to be linked to a specific FGF18
expression level, with the notable exception of malignant effusions which tend to have
very high levels. Of the 5 cell lines with the highest FGF18 expression 4 were derived
from malignant

effusions.
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Figure 17: Mean gRT-PCR FGF18 expression data (with SEM) of melanoma cell lines with colour code

representing the type of melanoma
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Figure 18: Mean qRT-PCR FGF18 expression data (with SEM) of melanoma cell lines with colour code
representing the origin of the cell line.

3.3 Contribution of FGF18 to neoangiogenesis in melanoma

For verification of the potential for paracrine effects of FGF18 on lymph and blood
endothelial cells, expression analysis of FGFR 1-4 in these cells was done. To test for
the potential of autocrine FGF18 signalling in these cells or the possibility that
melanoma cells could be influenced by FGF18 secreted by endothelial cells, these cells

were also tested for FGF18 expression.

Evaluation of expression levels of FGF18 and the FGF receptors 1-4 was performed in

the same manner as expression analysis of melanoma cell lines.

Expression levels of FGF18 were quite low in both lymphendothelial cells (LECs, T1S1)
and blood endothelial cells (BECs, G1S1) as figure 19 shows. The comparison in figure
20 of FGF18 expression in LECs and BECs to the melanoma cell lines accentuates this.
Figure 19 furthermore displays expression of FGFRs of the respective cell lines. Both
show very high levels of FGFR1 expression and more moderate expression of FGFR4.
Very slight expression of FGFR3 was found in T1S1. G1S1 showed very slight expression

of FGFR2 and somewhat higher but still very low levels of FGFR3.
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Figure 19: Mean expression data (with SEM) of immortalised lymph (a) and blood (b) endothelial cells
for FGFR1-4 and FGF18.
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Figure 20: Mean expression data (with SEM) of FGF18 in LECs and BECs and melanoma cell lines.

Additionally, VEGF-A expression was analysed in melanoma cell lines and correlation to
FGF18 expression was determined in order to clarify whether FGF18 regulates VEGF
expression in melanoma and thereby contributes to neoangiogenesis. Figures 21 and
22 show VEGF-A expression data of melanoma cell lines. Here as well, the colour code
of figure 21 assigns the types of melanoma of each sample, whereas figure 22 denotes

the respective origin.

57



Results

Correlation between expression levels of FGF18 and VEGF-A was determined by

calculation of a regression curve. Figure 23 shows VEGF-A expression values plotted

against FGF18 expression values and the calculated regression curve in red. A good

portion of melanoma cell lines have high expression levels of VEGF-A. Especially the

cell lines MJZJ and GUBS, which derive from lymph node metastases show very high

exrpression of VEGF-A. However, significant correlation to FGF18 expression could not

be found.
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Figure 21: VEGF-A expression data of melanoma cell lines with colour code representing the subtype

of melanoma.
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Figure 23: Corelation between FGF18 and VEGF-A expression plus regression curve in red. qRT-PCR 2
T FGF18 values were plotted along the x-axis and the respective VEGF-A values along the y-axis.

3.4 Determination of the impact of endogenous Wnt-pathway activity on

FGF18 expression in melanoma cells

Analysis of Wnt-pathway activity in melanoma cell lines

Via transfection of a B-catenin reporter plasmid, carrying a firefly luciferase reporter
gene, activity of Wnt-pathway activity was analysed. Co-transfection of a Renilla
luciferase plasmid was performed to establish an internal standard for luciferase
activity, in order to normalize differences in transfection efficacy amongst samples and
cell lines. Each approach was performed three times and analysed via an injection

Luminomenter.

Figures 24 and 25 display Wnt-pathway activity values of each melanoma cell line,
calculated as ratio between the false positive signal and the actual -catenin activity
signal with respective colour codes for melanoma subtypes and histologic origins from
which the cell lines were established. In 12 out of 22 analysed cell lines R-catenin
activity was detected. Independent of original melanoma subtypes, values of Wnt-

pathway activity are widely different amongst melanoma cell lines. However, cell lines
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derived from primary tumours show no 3-catenin activity, apart from RHTP which has
very low activity. In contrast, in all tested cell lines which were established from

malignant effusions, Wnt-pathway activity was detected.

Correlation between Wnt-pathway activity and expression level of FGF18 was
determined by calculation of a regression curve. Figure 26 shows FGF18 expression
values plotted against B-catenin activity values and the calculated regression curve. No
correlation could be observed in the collected data set, suggesting that FGF18

expression in melanoma cells is independent of Wnt pathway

activity.
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Figure 24: Mean TOP/FOP values (with SEM) represent Wnt-pathway activity of each cell line.
Melanoma subtype, from which the cell lines were established, are indicated by the colour code.

Lowest possible value is 1, which denotes no detectable B-catenin activity and is marked with X.
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Figure 25: Mean TOP/FOP values (with SEM) represent Wnt-pathway activity of each cell line.
Histological orign, from which the cell lines were established, are indicated by the colour code. Lowest
possible value is 1, which denotes no detectable B-catenin activity and is marked with X.
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Figure 26: Correlation between Wnt-pathway activity and FGF18 expression plus regression curve in

red. TOP/FOP values were plotted along the x-axis and the respective FGF18 qRT-PCR 2%%alues along
the y-axis.
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3.5 Potential of autocrine signalling of FGF18 in melanoma

3.5.1 Evaluation of the lentiviral transfection efficacy

After FTSL/a cells were transduced with the three different FGF18-targeting small
hairpin lentiviral particles (shRNA 6-8) and the non-silencing control virus, RNA was
extracted from the resulting stable sublines to investigate the gene expression levels of

GAPDH and FGF18 via gRT-PCR.
qRT-PCR

In order to test the efficacy of knock-down by the applied shRNAs, qRT-PCR analysis
was done. Again FGF18 and GAPDH were analysed simultaneously. An internal
standard was created by the GAPDH values, to normalise FGF18 expression to the
general expression activity of the respective cell line. Thereby the FGF18 values of the
different cell lines could be compared. Further calculation was performed in the same

4T values were

manner as for all the other gRT-PCR results in chapter 3.2 and 2
determined. Additionally, this value of each sample was calculated relatively to the
value of the cell line which received the non-silencing shRNA construct. This displays
the fold expression of the gene in each cell line compared to the non-silencing control,

which can be seen in figure 27
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Figure 27: Mean fold expression (with SEM) of FGF18 of each subline compared to the non-silcencing
control.

62



Results

The relative expression levels of FGF18 in figure 27 show that the shRNA constructs
FGF18 shRNA “7” and FGF18 shRNA “8” have a knock-down effect on FGF18
expression. The cells which received shFGF18 “6” do not show a decrease in FGF18
expression levels compared to the negative control clone. The construct FGF18 shRNA
“8” shows the highest FGF18 knock-down efficacy, which however was still below 50%.

This cell line was chosen for further tests.

In addition to the established stable knock-down clone of FTSL/a, two cell lines, MJZJ
and FTSL/a received adenovirally-mediated induction of FGF18 over-expression.
Efficacy of adenovirally induced FGF18 over-expression had already been determined
before and reached very high levels. See Materials and Methods section for details.
These three approaches were used to test effects of altered FGF18 expression on
viability and growth as well as migration and auxiliary features for metastasis of

melanoma cells.

Analysis of viability and growth

3.5.3 Viability test — MTT assay

In order to test a potential effect of the FGF18 knock-down or over-expression on the
viability of the cells, an MTT assay was performed. Higher deltaOD values of formazan
indicate more living cells. Each approach was performed at least two times in
triplicates. For accentuation of potential differences of deltaOD values to the
respective negative controls, results were calculated as fold of the control and
significance was evaluated as it is displayed in figure 28. The two cell lines in which
FGF18 over-expression was induced did not show significant increase or decrease in
viability, yet the FTSL/a knock-down clones show significantly increased viability (p =

0.0042).

63



Results

MJZJ b FTSL/a
a FGF18 over-expression FGF18 over-expression
15 —_ 154 —_ns
5 5
S 1.04 [ S 1.0 I
(5] (8]
o o
(TR L
0] )
S 0.54 S 0.54
o ©
2 28
0.0 T 0.0 T
adGFP adFGF18 adGFP adFGF18
FTSL/a
c FGF18 knock-down
*%
- A
26
S
[S]
° |
g 4
53
o
22
2 24
o
@ |—_I_—I
<
2o

T T
sh nsc shFGF18

Figure 28: MTT-Assay. Fold control values of (a) MJZJ with induced FGF18 over-expression (adFGF18),
(b) FTSL/a with induced FGF18 over-expression (adFGF18) and (c) FTSL/a with induced FGF18 knock-
down (shFGF18) plus respective negative control values (adGFP; sh nsc, non-silencing control).
Significance is indicated as either n.s. (not significant) or ** (p=0.0042).

3.5.4 Apoptosis test — caspase assay

By evaluating caspase activity via a luminogenic caspase substrate, initiation of
apoptosis was analysed in melanoma cell lines. Measurements were taken at starving
conditions in 0.1% serum medium and control conditions in normal 10% serum
medium. Each approach was carried out at least two times in duplicates. For
calculation of the results the blanks of the respective serum concentration were
subtracted. Here as well, results were calculated as fold of the control in order to
accentuate differences of the values to the respective negative controls. Results are

shown in figure 29. Neither of the cell lines with induced FGF18 over-expression, nor
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the FTSL/a knock-down clones showed significant changes of caspase activity to their

respective controls.
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Figure 29: Fold control values (with SEM) of caspase activity measured by luminescence assay of (a)
MJZJ with induced FGF18 over-expression (adFGF18; adGFP —control), (b) FTSL/a with induced FGF18
over-expression (adFGF18; adGFP — control) and (c) FTSL/a with induced FGF18 knock-down (shFGF18;
sh nsc — non-silencing control) under starving conditions with 0.1% serum medium. Non-significant
values are indicated with n.s.

3.5.5 Clonogenicity assay

This assay was performed in order to test the ability of single sells to form cell clones.
For analysis, clones were fixed and stained with crystal violet. Pictures were taken and
the crystal violet of each sample was afterwards eluted and intensity of the staining
was measured photospectrometrically at 550 nm. Each approach was carried out at
least three times in duplicates. Figure 30 displays representative wells after crystal

violet staining of each of the approaches plus controls. Again results were calculated as
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fold of the control, to highlight differences of values to the control and significance
was evaluated. Figure 31 displays the results. Over-expression of FGF18 did not induce
any significant change in clonogenicity of the cell lines. The FTSL/a FGF18 knock-down

clones have increased ability to form clones compared to the non-silencing control (p =

0.0066).
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Figure 30: Clonogenicity assay: Pictures of stained cell aggregates of MJZJ with induced FGF18 over-
expression and control, FTSL/a with induced FGF18 over-expression and control and FTSL/a knock-
down clones and control.
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Figure 31: Clonogenicity assay: Fold control values of crystal violet staining of (a) MJZJ with induced
FGF18 over-expression (adFGF18), (b) FTSL/a with induced FGF18 over-expression (adFGF18) and (c)
FTSL/a with induced FGF18 knock-down (asFGF18) plus respective controls (adGFP; sh nsc, non-
silencing control). Significance is indicated as either n.s. (not significant) or ** (p = 0.0066).

3.5.6 Growth curve establishment

To compare velocity of growth of cell populations with altered FGF18 expression with
the respective control, growth curves were established. All measurements of each
point of time were performed in duplicates. Figure 32 displays growth curves of the
three approaches in comparison with their controls. Statistically relevant change of

growth velocity could neither be found in the FGF18 over-expressing cells nor in the

knock-down clones compared to respective controls.
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Figure 32: Growth curves of mean values (with SEM) of (a) MJZJ with induced FGF18 over-expression
(adFGF18), (b) FTSL/a with induced FGF18 over-expression (adFGF18) and (c) FTSL/a with induced
FGF18 knock-down (shFGF18) plus respective controls (adGFP; sh nsc, non-silencing control).
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3.5.7 Cell cycle analysis

This analysis determines the percentage of duration of each cell cycle stage within one
cycle. Each approach was analysed two times in duplicates. Figure 33 displays the
portion of each stage in one cell cycle in terms of percentage of cells residing in the
specific stage at time of fixation. No significant changes in cell cycle were found in

FGF18 over-expressing MJZ) and FTSL/a or FTSL/a FGF18 knock-down clones.
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Figure 33: Cell cycle analysis: Percentage of cells, residing in each of the three cell cycle stages, reflects
temporal division of the cell cycle. Mean values (with SEM) for MJZ) with induced FGF18 over-
expression (adFGF18) and control (adGFP) are shown in (a), for FTSL/a with induced FGF18 over-
expression (adFGF18) and control (adGFP) in (b) and for FTSL/a with induced FGF18 knock-down
(shFGF18) and control (sh nsc, non-silencing control) in (c).

Analysis of migration and metastasis auxiliary skills

3.5.8 Scratch assay

In this assay, the ability of remigration of cells into free space on a culture surface is

tested. Scratches were induced and the progression of remigration was noted by
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taking pictures after 0, 4, 8, 24 and 48 hours. Gap widths of each picture were then
measured and evaluated in terms of percentage of total scratch closure. Since FTSL/a
FGF18 knock-down clones generally did not form cell layers but rather grew in clones,
this assay could not be performed for this approach. The non-silencing control clones
also hardly formed cell layers but did not show such distinctive clone formation as the
FGF18 knock-down clones. For the two approaches with induced FGF18 over-
expression the test was performed at least two times in quadruplicates. Figure 34
shows exemplary pictures of the assay of FTSL/a and MJZJ with induced FGF18 over-
expression plus respective controls. Figure 35 displays mean values with standard
errors of evaluated scratch closure. No statistically relevant changes by FGF18 over-
expression were found in general ability or velocity of scratch closure in the two tested

cell lines.

Oh 4h 8h 24h 48h

MJzZ)
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Figure 34: Exemplary pictures of scratch assays of FTSL/a and MJZJ with induced FGF18 over-
expression (adFGF18) and the corresponding control (adGFP) at 0, 4, 8, 24 and 48 hours.
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Figure 35: Scratch assay: mean percentages (with SEM) of scratch closure of (a) MJZ) with induced
FGF18 over-expression (adFGF18) and (b) FTSL/a with induced FGF18 over-expression (adFGF18) at 0,
4, 8, 24 and 48 hours plus respective control (adGFP).

3.5.9 Transmigration assay

This assay tests migration through barriers. This was accomplished by determining the
ability of cells to migrate through a filter with 8 um pores. Analysis was, like in
clonogenicity assays, performed via fixation and crystal violet staining of cells that had
formed clones in the lower chamber. Pictures were taken and the crystal violet was
eluted again. Photometric measurement of crystal violet in the destaining solution
correlated with the amount of cells which surmounted the filter and survived. Figure
36 shows pictures of stained cell aggregates of each approach plus the respective
control. The assay was carried out at least two times in duplicates. Absorption values
were calculated as fold of control and displayed in figure 37. FGF18 over-expression
significantly induced transmigration in the usually low expressing cell line MJZJ
(p=0.0425). Transmigrating ability of the normally moderate expressing cell line FTSL/a
was not significantly affected by FGF18 over-expression, but knock-down lead to a

significant decrease (p=0.0419).
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Figure 36: Transmigration assay: Pictures of stained cell aggregates of MJZJ with induced FGF18 over-
expression (adFGF18) and control (adGFP), FTSL/a with induced FGF18 over-expression (adFGF18) and
control (adGFP) and FTSL/a with induced FGF18 knock-down (shFGF18) and control (sh nsc).
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Figure 37: Transmigration assay: Fold control values for crystal violet staining intensity (with SEM) of
(a) MJZJ with induced FGF18 over-expression (adFGF18; adGFP - control) (p=0.0425), (b) FTSL/a with
induced FGF18 over-expression (adFGF18; adGFP - control) (n.s. p=0.5141) and (c) FTSL/a with induced
FGF18 knock-down (shFGF18; sh nsc — non-silencing control) (p=0.0419).
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3.5.10 Invasion assay

In this assay invasion was tested by seeding cells on a collagen coated filter with 8 um
pores. The relative amount of cells which were able to surmount this barrier and
furthermore progressed to proliferate on the bottom of the well was analysed by
staining cell clones with crystal violet. Pictures were taken and dye was eluted.
Photometric measurement of the crystal violet amount in the destaining solution
corresponds with the number of stained cells and was therefore applied for
evaluation. Figure 38 shows pictures of stained clones of each approach and respective
control. Absorption values calculated as fold of the respective control are displayed in
Figure 39. FGF18 over-expression in the usually low expressing MJZ) induced a
significant increase of invasion (p = 0.0177). FTSL/a did not show any significant change

of invasiveness, neither when FGF18 was over-expressed nor knocked-down.
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Figure 38: Invasion assay: Pictures of stained cell aggregates of MJZ) with induced FGF18 over-
expression and control, FTSL/a with induced FGF18 over-expression and control and FTSL/a knock-
down clones and control.
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Figure 39: Invasion assay: Fold control values for crystal violet staining intensity (with SEM) of (a) MJZ)
with induced FGF18 over-expression (adFGF18; adGFP - control) (p=0.0177), (b) FTSL/a with induced
FGF18 over-expression (aFGF18; adGFP - control) (n.s. p=0.5612) and (c) FTSL/a with induced FGF18
knock-down (shFGF18; sh nsc — non-silencing control) (p=0.87).

3.5.11 Anchorage-independent growth — soft agar assay

This assay tests the ability of single cell s to form clones independent of anchorage of
any kind. Cells were seeded into 3D soft agar. For analysis, pictures were taken from all
clones within exemplary vertical areas. For evaluation, the clones were counted and
diameters were measured. Tables 6, 7 and 8 give an overview of collected data. Figure

40 displays scatter plots of evaluated clone data which were analysed for significance.
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Table 6: Anchorage-independent growth assay: Evaluation of clones and measurement of clone
diameters of MJZJ) with induced FGF18 over-expression (adFGF18) and respective control (adGFP).

MJZJ adFGF18 MJZ) adGFP
total number of clones 62 43
average diameter 45.0 um 38.1 um
% of clones bigger than 30 um in diameter 48.39 60.47

Table 7: Anchorage-independent growth assay: Evaluation of clones and measurement of clone
diameters of FTSL/a with induced FGF18 over-expression (adFGF18) and respective control (adGFP).

FTSL/a adFGF18 FTSL/a adGFP
total number of clones 141 160
average diameter 31.93 um 29.02 um
% of clones bigger than 30 um in diameter 42.55 31.25

Table 8: Anchorage-independent growth assay: Evaluation of clones and measurement of clone
diameters of FTSLA/a with induced FGF18 knock-down (shFGF18) and respective control (sh nsc — non-

silencing control).

FTSL/a shFGF18 FTSL/a sh nsc
total number of clones 120 162
average diameter 48.86 um 35.21 um
% of clones bigger than 30 um in diameter 76.67 57.41
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Figure 40: Anchorage-independent growth assay: Scatter plots of evaluated clones of (a) MJZ) with
induced FGF18 over-expression (adFGF18) plus control (adGFP), (b) FTSL/a with induced FGF18 over-
expression (adFGF18) plus control (adGFP) and (c) FTSL/a with induced FGF18 knock-down (shFGF18)
plus control (sh nsc).
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IV. Discussion

Only a few studies were devoted to the role of FGF18 in cancer. What has been found
so far is that FGF18 seems to be overexpressed in hepatocellular and colorectal
carcinoma. Analysis of colorectal tumours detected FGF18 over-expression in 34 out of
38 tumour samples and progressive increase of FGF18 levels in colorectal cancer along
with tumourigenesis. [128] In hepatocellular carcinoma one of the three FGF8 familiy
members, FGF8, FGF17 and FGF18, was found to be elevated in 59%. [129] Recent
studies on melanoma unravelled that expression levels of FGF18 are, besides FGF1 and
2, the highest amongst FGFs.[211] In this diploma thesis FGF18 expression levels in
melanoma were analysed on protein level in tissue samples via tissue microarray and
on RNA level in melanoma cell lines via qRT-PCR. Comparison of tissue array values of
each progression stage revealed no differences of FGF18 expression levels, except of
primary tumours stage 4 which seem to have elevated FGF18 expression. But since
there were not more than two stage 4 samples analysed this result needs further
confirmation. However, the comparison of non-malignant nevi and the total of
malignant lesions revealed increased expression of FGF18 in malignant melanoma.
Expression data of melanoma cell lines also show elevated levels of FGF18 in about
half of the samples. However, a big portion of cell lines also seem to have down-
regulated FGF18. A correlation between FGF18 expression levels and melanoma
subtypes could not be found. Comparison of origins of the respective cell lines, which
also reflect cancer progression stage, with FGF18 expression did not reveal any
correlation as well, though malignant effusions may tend to have very high levels of
FGF18. However, gradual up-regulation of FGF18 along progression of carcinogenesis,
like it was found in colorectal carcinoma, could not be detected in melanoma.[128]
Additionally, elevated levels of FGF18 in the majority of samples, was not found in

melanoma, at least not as distinct as in colorectal carcinoma.

The widely differing FGF18 levels in melanoma cell lines as well as in tissue samples
gave reason for further analysis regarding regulation mechanisms of FGF18 expression.

Studies on colon cancer identified FGF18 as a downstream target of Wnt-pathway with
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putative B-catenin target promotor regions harbouring Tcf4 binding sites. Activation of
FGF18 via Wnt-pathway in colorectal carcinoma was further demonstrated by
revelation of highly significant correlation between R-catenin activity and FGF18
expression.[124, 128] Such correlation was not found in melanoma cell lines. Therefore
it can be precluded, that FGF18 expression is regulated by canonical Wnt-pathway in
melanoma. Concerning the general role of Wnt/R-catenin pathway in melanoma,
literature reports are quite ambiguous. Some studies observed gradual loss of nuclear
B-catenin during tumour progression, which is associated with decrease of expression
of melanocyte differentiation genes. It is suggested that Wnt-pathway activity has a
homeostatic effect in melanocytes and accordingly its down-regulation promotes the
development of malignancies.[213-214] However, other studies detected up-
regulation of phospho-R-catenin in association with melanoma progression.[216]
Analysis of Wnt-pathway activity detected active B-catenin in 12 of 22 analysed cell
lines. The fact that all cell lines derived from malignant effusions show very high RB-
catenin activity and those originating from primary tumours very low or no activity,
indicate that this activity increases along tumour progression. These findings stand in
contrast with prior reports about progressing loss of R-catenin in melanoma
progression.[213-214] The evaluated data, in this thesis, actually reflect the amount of
active B-catenin. Therefore the observed increase from primary tumours to malignant
effusions also does not accord with the increasing levels of phospho-R-catenin along
tumor progression reported by Kielhorn et.al. 2003.[216] Phospho-3-catenin is not
active and targeted for degradation.[216, 229-230] The obtained data which suggest a
pro-tumorigenic action of Wnt activity in melanoma rather falls into place with what
was found in several other cancer types. Thus deregulated Wnt-pathway activity may
contribute to development of colon adenocarcinoma, colorectal and hepatocellular

and carcinoma, as well as leukemia and hair follicle tumours.[231-237]

Previous studies in hepatocelluar and colorectal carcinoma unravelled FGF18 generally
as tumourigenesis promoting factor. Thus, administration of recombinant FGF18 had

an impairing effect on apoptosis in hepatocellular carcinoma cell lines and stimulated
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growth and survival in colorectal carcinoma cell lines. [128-129] In this diploma thesis,
analysis of melanoma cell lines with andenoviral mediated over-expression of FGF18
did not reveal comparable function of FGF18 in melanoma. Neither MJZJ, a cell line
with low expression of FGF18, nor FTSL/a, which usually expresses FGF18 in moderate
levels showed any significant effect of induced FGF18 over-expression on viability and
growth. Results from MTT-tests, apoptosis tests, clonogenicity assays and growth

curves revealed no statistically significant differences to respective control groups.

Experiments with RNA interference of FGF18 in hepatocellular and colorectal
carcinoma cell lines further confirmed its pro-tumourgenic effects. FGF18 knock-down
in hepatocellular carcinoma led to decrease of viability, clonogenicity and growth in
soft agar. Likewise, in colon carcinoma, clonogenicity and growth was reduced by
FGF18 knock-down.[124, 128-129] The gathered results of this study, about the effect
of FGF18 knock-down in the melanoma cell line FTSL/a are quite ambiguous. On the
one hand, results of MTT-tests show a highly significant increase in FGF18 knock-down
clones compared to the non-silencing control clones. Caspase assays, on the other
hand, revealed no statistically significant differences. However, these results are not
necessarily contradictory, since MTT-assays measure the amount of available
reductases and reduction equivalents, which rather reflects metabolic activity than
general viability, and caspase assays directly measure apoptosis. Establishment of
growth curves and cell cycle analysis did not reveal any effect of FGF 18 knock-down
on growth in FTSL/a. However, clonogenicity was increased in knock-down clones with

high significance.

Research concerning migration revealed some effect of FGF18 on low expressing MJZJ.
Thus, significant increase of transmigration and invasion was detected in FGF18 over-
expressing MJZJ. However, scratch assays and anchorage-independent growth assays
did not produce statistically relevant results with this cell line. FTSL/a, which usually
have moderate expression levels of FGF18, did not show any impact on migration and
metastasis auxiliary skills in response to induced over-expression. Neither scratch-,
transmigration-, invasion, nor anchorage-independent growth assays detected
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significant differences to the non-silencing control. However, FGF18 knock-down in
this cell line resulted in significant decrease of the ability to transmigrate. Interstingly,
FGF18 knock-down in FTSL/a turned out to be of advantage when cultivated in a soft
agar. Anchorage-ndependent growth assay results showed a significant increase of
clone size compared to non-silencing control clones. This finding is consistent with the
increased clonogenicity when FGF18 is knocked-down in this cell line. This promoting
effect of FGF18 knock-down on clonogenicty and growth in soft agar in melanoma cell
lines is exactly the opposite to the effects of FGF18 knock-down in hepatocellular
carcinoma cell lines where clonogenicity and growth in soft agar is decreased.[129]
Likewise in colorectal carcinoma cell lines, FGF18 knock-down lead to reduced

clonogenicity.[128]

Generally, analysis of melanoma cell lines with induced over-expression and knock-
down of FGF18 did not reveal an explicit picture of its function in melanoma. Neither
MJZJ, nor FTSL/a, showed an effect of FGF18 over-expression on viability and growth.
Yet, on MJZJ, which have low FGF18 expression levels, the over-expression seems to
have a promoting effect on migration and invasion. FGF18 over-expression in the
already moderate expressing cell line FTSL/a does not seem to have any effect at all.
Interestingly, FGF18 knock-down seems to have an advantageous effect on the viability
of FTSL/a at least in some respect and a negative impact on migration. A general
assessment of FGF18 being a tumourigenesis promoting factor, as it is suggested in
hepatocelluar and colorectal carcinoma, could not be concluded from these data. The
role of FGF18 in melanoma seems to be very complex and further studies on this topic

may be beneficial.

Besides VEGFs (vascular endothelial growth factors), some FGFs, especially FGF2, are
known to be involved in angiogenesis during embryonic development and wound
healing. [219] FGF18 in the growth plate is known to induce VEGF expression and
thereby regulates skeletal neovascularisation.[222] Additionally, FGF18 showed
neoangiogenesis promoting effects in hepatocellular and colorectal carcinoma.[128-
129] Consequently, the potential for paracrine effects of FGF18 on immortalised lymph
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and blood endothelial cell lines was analysed. The finding of low FGF18 expression in
these cells gives reason to preclude effective autocrine signalling of FGF18 in these
cells. The expression levels of FGFR4 and FGFR3 indicate potential FGF18 signal
reception especially via FGFR4 in both LECs and BECs. Thus, paracrine FGF18 signalling
mediated by melanoma cells towards lymph and blood endothelial cells is theoretically
possible which leads to the suggestion that FGF18 may be involved in
neovascularisation in melanoma as it was already shown in hepatocellular and
colorectal carcinoma.[128] Furthermore, expression of VEGF-A and correlation to
FGF18 expression was analysed in melanoma cell lines. All cell lines showed VEGF-A
expression and in some cases in very high levels. However, no correlation to FGF18
expression was found. Thereby, regulation of VEGF-A expression by FGF18, as it

appears in the growth plate, can be precluded.
Conclusion

FGF18 expression was found to be elevated in malignant melanoma tissue samples and
in a big portion of melanoma cell lines. However, this elevation of FGF18 in melanoma
is not as distinct as it was found in colorectal carcinoma, and gradual increase of FGF18
with malignant progression could not be found. Increased levels were neither limited
to melanoma subtypes nor to histologic origins of samples. Expression regulation of
FGF18 by Wnt-pathway activity could not be confirmed in melanoma, whereas it was
fomerly demonstrated in colorectal carcinoma. However, analysis of -catenin activity
hints at a possible contribution of increased Wnt-pathway activity to melanoma
progression. Autocrine effects of FGF18 in melanoma proofed to be widely different
from those in hepatocellular and colorectal carcinoma. On the one hand, promoting
effects of FGF18 on migration and invasion could be found in a normally low
expressing cell line. But on the other hand, FGF18 knock-down lead to increased
viability, clonogenicity and anchorage independent growth, which demonstrates the
exact opposite effect than shown in hepatocellular and colorectal cancer cells. In
melanoma FGF18 seems to have much more complex effects than any distinct function
can be adumbrated. However, a paracrine effect of FGF18 towards lymph and blood
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endothelial cells mediated by melanoma cells is definitely possible and could thereby
contribute to neoangiogenesis, as it was already shown in hepatocellular and

colorectal carcinoma.
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V. List of Abbreviations

AEC 3-Amino-9-Ethylcarbazole

Akt PKB, PI3K effector protein kinase B
ALM acral letiginous melanoma

APC adenomous polyposis coli

ATP adenosine triphosphate

BECs blood endothelial cells

BRAF V6% BRAF with an activating substitution of valin by glutamic acid at position 600

BRN-2 POU domain 3 transcription factor
Cbfal/Runx2 core binding factor Al/runt-related transcription factor 2
CDKN2 cyclin-dependent kinase 2

CML chronic myeloid leukemia

Cx connexin

DAB+ 3,3' Diaminobenzidine

DAG diacylglycerol

DMSO dimethyl sulfoxide

EDTA ethylene diamine tetraacetic acid

EMT epithelial-mesenchymal transition

ERK extracelllular signal-regulated kinase

ESCRT endosomal sorting complex required for transport
FACS fluorescent activated cell sorting

FAK focal adhesion kinase

FCS foetal calf serum

FGF fibroblast growth factor

FGF-BP FGF binding protein

FGFR fibroblast growth factor receptor

FHF FGF homologous factor

FIT franesyl transferase inhibitors

FLRT3 fibronectin-leucine-rich transmembrane protein 3
FRS2 FGFR substrate 2

GAB1 GRB2 associated binding protein 1

GAPDH glyceraldehyde 3-phosphate dehydrogenase
GIST gastrointestinal stromal tumors

GJIC gap junction intercellular communication
GRB2 growth-factor-receptor-bound protein 2
GSK3 glycogen-synthase kinase 3

GTP guanosine triphosphate

HGF hepatocyte growth factor

HRP horse reddish peroxidise

HSPG heparan sulphate proteoglycan

Ig-like immunoglobulin-like
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IHH
LECs
MAPK
Mcl-1
MITF
MKP3
MTT
NADH
NADPH
N-CAM
oD
PBS
PDGFR
Pl

Pl3
PI3K
PI13K/Akt
PIP,
PKC
PLCy
PTEN
gRT-PCR
R10
RAF
RANKL
Ras

RB
RGP
RISC
RMS
RPMI
RSK2
RTK

SCF
SCLL
SDS
Sef
shRNA
SPRED2
SSM
STATs

Indian hedgedog

lymph endothelial cells

mitogen-activated protein kinase

myeloid cell leukemia sequence 1

microphthalmia associated transcription factor
MAPK phosphatase 3
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
reduced nicotineamide adenine dinucleotide
reduced nicotineamide adenine dinucleotide phosphate
neural cell adhesion molekule

optical density

phosphate buffered saline

platelet-derived growth factor receptor

probidium iodide

inositol 1, 4, 5-triphosphate
phosphoinositide-3-OH kinase
phosphatidylinositol-3 kinase/protein kinase B
phosphatidylinositol 4, 5-triphosphate

protein kinase C

phospholipase Cy

phosphate and tensin homologue
guantitative Real-Time Polymerase Chain Reaction
RPMI + 10% FCS

rat fibrosarcoma

receptor activator of NF-«B ligand

rat sarcoma

retinoblastoma protein

radial growth phase

RNA induced silencing complex
rhabdomyosarcoma

Roswell Park Memorial Institute Medium

p90 ribosomal protein S6 kinase 2

receptor tyrosine kinase

stem cell factor

stem cell leukemia lymphoma syndrome
sodium dodecyl sulfate

similar expression of FGF

small hairpin RNA

Sprouty related protein

superficial spreading melanoma

signal transducers and activators of transcription
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TCF/Lef
TRIzol
VEGF
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