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Abstract

Abstract

FAN (factor a&sociated with eutral sphingomyelinase activity) is an adaptortgirothat
specifically binds to the p55 receptor for TNF (TRB. Previous investigations
demonstrated that FAN plays a role in TNF-inducetinareorganisation by connecting the
plasma membrane with actin cytoskeleton and FANcigity leads to an impaired migratory
induction in MEF (mouse embryonic fibroblasts) sednd Langerhans cells after TNF
stimulation suggesting that FAN may impact on dalumotility in response to TNF and in
the context of immune inflammatory conditions. histwork the translucent zebrafish larvae
was used forn vivo analysis of leukocyte migration after morpholincokkdown of FAN.
FAN-deficient zebrafish leukocytes were impairedheir migration toward tail fin wounds
leading to a reduced number of cells reaching tleind. Furthermore, FAN-deficient
leukocytes show an impaired response to bacterfiatiions suggesting that FAN is generally
required for the directed chemotactic responsemohune cells independent of the nature of
the stimulus. Cell-tracking analysis up to 3h aftgury revealed that the reduced number of
leukocytes is not due to a reduction in random Imp®or speed of movement. Leukocytes
from FAN-deficient embryos protrude pseudopodiaainhdirections instead of having one
clear leading edge. These results suggest that d&fdient leukocytes exhibit an impaired
navigational capacity leading to a disrupted chetat response. Due to the involvement of
FAN in the migratory behaviour in different celpigs it is likely that FAN has a general role
in the migration of cells. Another process, dependms cell migration, is the metastasis of
cancer cells. Cell migration of B16 mouse melanaeils after TNF stimulation was reduced
after FAN down-regulation. In addition, these cealisplayed a reduced tumour growth and
never developed metastasis after injection indle/¢in of wild-type mice.




Zusammenfassung

Zusammenfassung

FAN (factor asociated with_eutral sphingomyelinase activity) ist ein Adaptetpm,
welches spezifisch die NSD Doméane des p55 TNF Remep(TNF-RI) bindet.
Vorangegangene Untersuchungen haben gezeigt, dalls darch die Verbindung der
Plasma-Membran und dem Aktinzytoskelett, an der TiNdfuzierten Reorganisation des
Aktinzytoskeletts beteiligt ist. Die Verbindung vdPlasmamembran und Aktinzytoskelett
erfolgt durch die Bindung von FAN an F-Aktin und PRI (Phosphatidyl-Inositol4,5
Bisphosphat)Die Defizienz von FAN fuhrt zu einer gestorten Aaliration in MEF- (mouse
embryonic fibroblasts) und Langerhans-Zellen nadr &timulation mit TNF. Diese
Beobachtungen haben zu der Annahme gefiihrt, dallseli®e Rolle bei der TNF induzierten
Zellwanderung wahrend immunologisch entziindlichez®sse hat.

In dieser Arbeit wurde der Zebrafisch als Modelrigmus benutzt um die
Leukozytenwanderung zu Wunden zu beobachten. Dieralisch eignet sich auf Grund der
Transparenz der Embryonen und der dadurch ermégfich vivo Observation sehr gut als
Modellorganismus. Dariliber hinaus lassen sich dd3saeine sehr leicht durch die Injektion
von Morpholinos herunterregulieren. Um die Migrativon Leukozyten zu untersuchen
wurden den Embryonen Laserwunden an der Schwageflbgigebracht. Leukozyten, in
denen FAN herunterreguliert ist, zeigen eine géstivanderung zu einer Wunde. Diese
Storung resultiert in einer verminderten AnzahlL&ukozyten an der Wunde. Zuséatzlich zu
der gestorten Wanderung zu Wunden zeigen FAN eefiei Leukozyten auch eine
verminderte Wanderung zu Infektionen riitoli im optischen Tektum. Diese Ergebnisse
implizieren eine allgemeine Notwendigkeit von FAW fdie Wanderung von Immunzellen,
die nicht stimulus- oder gewebeabhéngig ist. Diealgse der Zellwanderung bis zu drei
Stunden nach Verletzung ergab, dass die Reduképinizahl an Leukozyten nicht aus einer
verminderten Wanderungsgeschwindigkeit der Leulezyesultiert, sondern das Ergebnis
des Verlusts der Direktionalitat der Zellen ist.séalle der normalerweise von migrierenden
Zellen gebildeten "leading edge”, bilden FAN defitie Leukozyten Pseudopodien in alle
Richtungen und die Wahl der Migrationssrichtung esch willkirlich zu erfolgen. Die
Ergebnisse, die zeigen dass verschieden Zellliriaan Migrationsdefekt aufweisen wenn
FAN fehlt, legt die Vermutung nahe, dass FAN einchiger Faktor fur koordinierte
Zellmigration ist. Ein weiterer Prozess, fur dea Wanderung von Zellen essentiell ist, ist die
Metastasenbildung von Krebszellen. Um zu untersucble FAN auch einen Einfluss auf die

Metastasierung von Krebszellen hat, wurden stabilé Mausmelanomzellen generiert, in
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Zusammenfassung

denen FAN durch lentivirale Transduktion heruntguteert wurde. Diese Zelllinien zeigten
ebenfalls eine verminderte Migration nach TNF Station. AufRerdem war das
Tumorwachstum reduziert da diese Zellen weniger nalth proliferieren als die
entsprechenden wildtypischen B16 Mausmelanomzellbiach Injektion der FAN-
Knockdown-Mausmelanomzellen in die Schwanzvene Wditdtypm&usen konnten, im
Gegensatz zu den Mausen, die mit den wildtypisdlansmelanomzellen injiziert wurden,

keine Metastasen in der Lunge detektiert werden.
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1. Introduction

1. Introduction
1.1 The TNF signalling pathway

The tumour necrosis factor (TNF), a pleiotropicogythe, was initially identified as a factor
that induces necrosis in tumour cells. Furtherissitientified TNF as a cytokine that acts as
a major proinflammatory mediator and is involvednrany biological processes like host
defence against intracellular pathogens, woundirigeand tumour defence (Locksley et al.
2001; Wajant et al. 2003). The TNF signalling pahwepresents a double-edged sword. On
the one hand TNF is a physiologically importantokyte, required for physiological
responses, on the other hand the inappropriateessipn is harmful and is implicatéad a
wide spectrum of human diseases like sepsis, diapetancer, osteoporosis, multiple
sclerosis, rheumatoid arthristis and inflammatooyvél disease (Aggarwal 2003; Chen and
Goeddel 2002) making research on TNF signallingortgmt for therapeutic approaches
(Choo-Kang et al. 2005).

TNF is primarily produced by activated macrophagssa type Il transmembrane protein
arranged in stable homotrimers. The soluble homettic TNF is released via proteolytic
cleaveage by the metalloprotease TNF alpha comgeetizyme (TACE) (Wajant et al. 2003).
Both forms, the membrane-embedded "pro" as wdathagleaved, soluble "mature” form are
active as self-assembling non-covalent trimers biadl to the two TNF receptors, TNF-RI
(CD120a) and TNF-RIl (CD120b). The expression &fFIRII is limited to cells of the
immune system while TNF-RI is found on many diffdreell types, but receptor numbers on
the cell surface vary (Pfeffer et al. 1993; Vandmede et al. 1995)TNF-RI is bound with a
higher affinity than TNF-RII and most of the sigimad pathways and subsequent biological
effects are triggered by binding to TNF-RI (Hehlgaet al. 2002; Wiegmann et al. 1992).
TNF-RI is involved in many diverse cellular processlike cell survival, proliferation,
apoptosis and inflammatory responses mediated @athivation of kinases of the MAPK
family, transcription factors like NkB, and caspases.

TNF-RI and TNF-RII belong to the TNF receptor sdgerily. These TNFR-like receptors are
type | transmembrane proteins that adopt elongatadttures by a scaffold of disulfide
brigdes which form "cysteine-rich" domains (CRD&ptt are the hallmark of the TNF
superfamily (Locksley et al. 2001). None of the e@ors of the mammalian TNF
superfamiliy display any enzymatic activity. Sigimaj occurs by binding to one or more
TNF-associated factors (TRAFFs) (Aggarwal 2003).

-9-



1. Introduction

Despite the initial thought that receptor activataccurs via trimerisation after TNF binding,
more recent studies revealed that the distal ogteah domains mediate homophilic
interaction of the receptor molecules in the absewicligand. Binding of the TNF trimer
leads to the release of the inhibitory proteinrgity of death domains (SODD) from the
intracellular domain of the receptor which allowenformational changes of the preformed
receptor complex or resulting in the activationtbé receptor complex and subsequent
downstream signalling events (Chen and Goeddel;20@2ant et al. 2003).

1.2 Decision between life and death - a question aflaptor proteins

TNF simultaneously mediates apoptotic and anti-tgi@p or cell-survival signals. The
initiation of the apoptotic caspase cascade doesegpire active protein synthesis, whereas
anti-apoptotic signals do, and synthesis is meditdieugh the activation of NkB. Whether

a cell undergoes apoptosis, survives or prolifesrataesponse to TNF signalling depends on
the balance between pro- and anti-apoptotic sigiajgarwal 2003) (Fig. 1).

Balance between life and death

TNF suparfamiy igands
T~ [TNF, COSSL.TRAIL and VEGI)

Cycioheximice
actinomycin D

Nature Reviews | Immunology

Figure 1: The composition and activation status of TNF resemdapter proteins and
additional downstream factors determines whetheelawill survive, undergo apoptosis or
proliferate. From (Aggarwal 2003)
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1. Introduction

The activation of different signalling cascadesnediated by the different adaptor proteins
that bind to the intracellular domains of TNF-RIft& receptor complex activation the
intracellular death domain of the TNF receptor ctaxps recognized by the TNF receptor-
associated death domain (TRADD) adaptor proteindiBg of TRADD provides a scaffold
for binding other adaptor proteins like receptderacting protein (RIP), TNF-R-associated
factor 2 (TRAF2) and Fas-associated death domahD[¥. RIP, TRAF2 and FADD recruit
key enzymes that are responsible for initiatingnalting events (Chen et al. 2002).
Recruitment of TRAF2 and RIP to the TNF-RI leadsatctivation of the nuclear factor kappa
B (NF«B) pathway. In an un-induced state cellulasBl-proteins interact with the N&B
dimers masking their nuclear localisation sequearaethus retaining the ternary complex in
the cytosol. Binding of TRAF2 and RIP to the TNFJR&ds to the activation of thexB
kinase (IKK) multiprotein complex (Perkins 2000).ctivated IKK phosphorylates the
regulatory domain of ¥B and marks it for proteasomal degradation, thiberéiting NF«<B
dimers for nuclear translocation where they actrasscription factor for a huge number of
inflammatory-related genes.

TNF also mediates the activation of mitogen-acédaprotein kinases (MAPK) and the
distantly related c-Jun N-terminal kinase (JNK) JRAF2 recruitment. TRAF2 interacts
with MAP kinase 7 (MKK7) which leads to the phospfation and activation of JINK. Upon
activation, JNK translocates into the nucleus anbaaces the transcriptional activity of
transcription factors, for example, c-Jun and AT phosphorylation of their amino-
terminal activation domains. c-Jun belongs to aigrof basic region-leucine zipper proteins
that dimerize to transcription factors, commonlgideated as activator protein-1 (AP-1). The
AP-1 proteins have an important role in cellularogasses including proliferation,
differentiation and induction as well as preventwiapoptosis (Wajant et al. 2003). The
importance of JNK activation for TNF-mediated cklluresponses is poorly understood. It
has been reported that it is implicated in up-ratioih of collagenases (Brenner et al. 1989),
the chemoatractant MCP-1 (Hanazawa et al. 1993glé&ctin (Min et al. 1997) and in the
regenerative response to liver injury (Bruccolérle 1997; Diehl et al. 1994).

TNF also activates the p38-MAPK signalling cascaddis requires the additional
recruitment of RIP to TRAF2. The p38-MAPK signafjinpathway is a mediator of
inflammatory processes and activation leads tafheegulation of IL-1 and IL-6.

TNF-RI, like other death domain containing recept® able to induce apoptosis, but the
TNF-RI mediated induction of apoptosis seems teel@Jy a minor roleén vivo compared to

the regulation of inflammatory processes. Inductbapoptosis is inhibited by the activation
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1. Introduction

of NF«B. Mice deficient for components of NéB activation exhibit embryonic lethality
(Yang et al. 2001). Thus, in contrast to Fas andILAR1/2 signalling where apoptosis is
dominant over NReB activation, in TNF-RI signalling NkB activation dominates over

apoptosis-induction (Wajant et al. 2003). TNF-RIdma¢ed apoptosis is thought to proceed

via recruitment of the adaptor protein Fas-assediateath domain (FADD) and caspase-8.

Two signalling complexes are involved in the apsganduction: the plasma membrane-
bound complex | that contains TNF-RI, TRADD, TRA&2d RIP and the cytosolic complex
Il that forms by the dissociation of TRADD and Ri®m TNF-RI and the association of

TRADD and RIP with FADD and caspase-8 via theiefdted death domains (Micheau and

Tschopp 2003). The dissociation of the adapterptexnfrom the receptor probably occurs

after endocytosis of the receptor complex.

a8

Endocytosis
Dissociation
‘/ »/R

RIP ecruitment of

TRADD
RIP

TRAD

@ , FADD and caspase-8
NF-kB ——>tm::.

RIP

l l

Figure 2: TNF-RI signals via two complexegéfter binding of TNF to TNF-RI, TRADD,
RIP and TRAF2 are recruited. The membrane-boundot®a signals for NF-kB activation
leading to inflammatory responses and cell suryivdiereas complex Il, which is formed
after dissociation from the receptor and recruitmeh FADD and caspase-8, induces
apoptosis. (Dissertation Dirk Haubert).
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1. Introduction

1.3 The adaptor protein FAN

So far, nearly all functionally characterised adatroteins bind to the death domain (DD) of
the TNF-RI receptor (Chen et al. 2002; Wajant e2@D3). TNF-RI binds additional factors
that may be important for TNF signalling (Adam-Kémget al. 1996; Boldin et al. 1995). The
more membrane proximal neutral SMase (nSMase)atiivdomain (NSD) of TNF-RI has
been recognised as a distinct functional domainttier activation of nSMase (Adam et al.
1996).

So far, only one protein, the adaptor protein FAAC{or @&sociated with 8Mase activity,
also named NSMAF), binds to the NSD of TNFR-I (AdKiages et al. 1996). FAN belongs
to the family of BEACH (bme and Chediak-Hgashi) proteins. It is the smallest member of
the BEACH protein family usually consisting of velarge proteins with more than 2000
amino acid residues. Human FAN consists of 917 anaiads (aa), and FAN mRNA is
expressed ubiquitously. At the C-terminal part FAddntains five WD-repeats that
constitutively interact with the NSD domain of TN#H-(Adam-Klages et al. 1996). The N-
terminal part of FAN contains a weakly conserved &t the BEACH domain. FAN is
mainly located at the plasma membrane, which istdw interaction of the PH domain with
PIP, (Haubert et al. 2007). Biochemical studies andcstinal analysis suggested that the PH
and BEACH domains interact to function as a singl#, which is essential for the activation
of nSMase (Jogl et al. 2002).

Originally, FAN was identified as an adaptor protthat mediates TNF-induced activation of
nSMase and it has been suggested that FAN playmportant role in the regulation of
major inflammatory cellular responses to TNF (Adktages et al. 1996).

The only obvious phenotype that could be obsermedhice deficient for FAN was a delay in
cutaneous barrier repair, suggesting a physiolbgaia of FAN in epidermal barrier repair
(Kreder et al. 1999).

Additionally, FAN has been implicated in TNF- and4)-mediated induction of apoptosis
(Sequi et al. 1999; Sequi et al. 2001), lysosoreaingabilization (Werneburg et al. 2004), IL-
6 secretion (Malagarie-Cazenave et al. 2004), acten with the WD protein RACK1
(Tcherkasowa et al. 2002) and regulation of cardiaf death (O'Brien et al. 2003).
Peppelenbosch et al, suggested the involvememieafembrane proximal region of TNF-RI
in TNF-induced actin polymerization. Haubert et @keviously reported that mouse
embryonic fibroblasts (MEFs) isolated from FANhice were impaired in TNF-induced actin
reorganization. Mechanistically, FAN connects th@sma membrane with the cytoskeleton
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1. Introduction

and mediates TNF-induced activation of the smalP&3e Cdc42 and actin reorganization.
Furthermore, FAN MEFs are impaired in their motility in response TIF in vitro,

suggesting a role of FAN in cellular motility (Haarbet al. 2007).

1.4 The reorganisation of the actin cytoskeleton ahcell migration

The actin cytoskeleton of a cell comprises a netvadithree types of protein filaments, actin,
microtubules and intermediate filaments. The acyitoskeleton is crucial for the generation
and maintenance of cell morphology and polarityemaocytosis, intracellular trafficking, in
contractility, motility and cell division. (Windeand Ayscough 2005) Many of these
processes depend on the ability of actin to ragidlymerise and depolymerise as a results of
the cell communication with the environment thade to the constant reorganisation of the
actin cytoskeleton. The assembly and disassembbcwh filaments and their organisation
into higher-ordered networks is regulated by abtimding proteins (ABPs) that are controlled
by specific signalling pathways. In principle, actexists in two forms, the globular
monomeric (G) actin, a protein of 43 kDa, and titenfentous, polymeric (F) actin. Actin
filaments are polar since all subunits face theesdirection. Monomers add faster to one end,
designated as the "barbed" or "plus" end than ¢oetid designated as "pointed” or "minus"
end. Polymerisation of actin filaments is mediabgd ATP hydrolysis.In vivo, ABPs are
crucial for rapid filament nucleation, becausestisi an energetically unfavourable process
until a nucleus of three associating monomersrsiéa. After that, the addition of subsequent
monomers at the barbed end is favourable and ldnadnt elongates rapidly. New filaments
can form de novo or from existing filaments.

For the form and function of cells, the organisatad actin into actin networks and higher-
ordered structures is necessary. Higher-order iR-attuctures are formed by two actin-
binding activities: the bundling and cross-linkin§y F-actin (Winder and Ayscough 2005).
Other ABPs do not affect the actin dynamics ormastructures but use actin as a scaffold,
physical support or track. These ABPs are claskifio three main categories: myosins that
use actin as a track to move their specific caag@hors that connect actin to membranes or
membrane proteins; and linkers between actin ahdratytoskeletal elements for example
cell adhesion receptors, microtubules and interatedilaments.

One cellular process that requires the rapid revsgtion of the actin cytoskeleton is the

directional motility of cells which is a fundamehtzellular process essential for embryonic
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1. Introduction

development, wound healing, immune responses asdetidevelopment and also for the
migration and metastasis of cancer cells. Foumgisdeasteps are involved in motility of cells:
protrusion of the leading edge, adhesion to thestsatum, retraction of the rear and de-
adhesion (Pollard and Borisy 2003).

The structures forming the leading edge are lapwdia. These are sites of rapid membrane
protrusion and retraction and are composed of argtenactin network containing branched
actin filaments, the Arp2/3 complex that mediategnafilament branching, capping proteins
and cofilin. The lamellipodia exhibit rapid actitow rates as well as a band of rapid
polymerisation and depolymerisation parallel toltealing edge. This dendritic actin network
terminates about 1 - 3 um from the leading edgey avhich the lamellar network, that is
composed of long actin filament bundles, rich iopttmyosin and myosin Il and exhibits
slower actin flow rates, predominates (Nicholsorkflka et al. 2005). The branching network
at the leading edge induces a protrusion in thection of motility. The induction of
protrusions is regulated by small GTPases of the fhmiliy, namely Cdc42 and Rac. Local
activation of Cdc42 and Rac enhances the activityP8K and the production of
PI(3,4)R/PIP; at the leading edge. PI3K in turn activates integrand other adhesion
molecules that stabilize the protrusion via streadtaonnections to the actin filaments and in
addition signal to Rac that promotes the recruitneéradditional integrins and formation of
adhesions. Adhesions transmit propulsive forcessamde as traction points over which the
cell moves. Disassembly of adhesions and rear ct&ira complete the migration cycle
(Ridley 2003).

1.5 The zebrafish as a model

The zebrafishDanio rerio, is emerging as a powerful model organism to sthé&ygenetics
underlying development, normal body function, andedse. The zebrafish combines a
number of key embryological and experimental adsges. It is easy to maintain and breed
and embryos can be easily manipulated by micrdilmecnd cell transplantation. Another
advantage of zebrafish embryos is their rapid agraknt. Embryogenesis only takes about
24 hours and organogenesis is largely completest &ftdays (Dahm and Geisler 2006).
Furthermore, the translucency in larval stages sékamenable to live-imaging approaches.
Initially, zebrafish research was centered on nenagis screens (forward genetics) but now

also reverse genetic methods like morpholino krabmk and TILLING are well established.
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1. Introduction

Morpholinos are oligonucleotides of 18 to 25 bas#h a modified backbone: instead of the
deoxyribose or ribose molecules, linking the basiesy contain morpholine rings and the
ionic phosphate groups are replaced by non-ionmsphodiamitates. These modifications
make morpholinos inert for nuclease degradatiomltieg in a stable Morpholino-RNA-
heteroduplex. The morpholino oligonucleotide bisdguence-specific to the targeted RNA.
Generally, morpholinos can bind to the start co(®RG) of a target mRNA preventing the
formation of the translation machinery and thugingcas a steric block. Another targeting
strategy is the design of morpholinos that biné tepecific splicing site of the target RNA,
binding of the morpholino masks the splicing sitel #éhis usually results in the loss of exons
in the mature mMRNA leading to frame-shifts and gemeration of non-functional proteins.
Morpholinos can be easily injected into the yolkaobne-cell stage embryo blocking the
expression of the target gene for several daysrasdting effect of a morpholino injection is
a phenotype that closely resembles or is identa#hat of a loss-of-function mutant (Dahm
and Geisler 2006).

1.6 Aim of the study

Reorganisation of the actin cytoskeleton plays wc@l role in the motility of cells. Cell
motility is a fundamental cellular process essénfit embryonic development, wound
healing, immune responses and tissue developmenit, ddso has an important role in cancer
cell metastasis. Haubert et al revealed a role Al kn cell migrationin vitro. For this
purpose the first aim of this work was to revealethier FAN is also involved in cell
migrationin vivo. To investigate the impact of FAN on immune ceigration and motility
live imaging studies in zebrafish embryos were qrenkd. Zebrafish embryos were used to

image the wound- and infection-triggered inflammpat@sponse.

The second aim of this work was to demonstratenaolvement of FAN in metastasis and
growth of tumour cells. To this end, B16 mouse metaa cells were used and stable FAN
knock-down mouse melanoma cell lines were generdfiggration assays were performed
and the path length of knock-down cell lines waspared to that of wild-type cell lines. In
addition to the ability to migrate, to metastasisal|s also need to gain the ability to degrade
the extracellular matrix, thus, degradation assegse performed. To display the metastatic
behaviour of FAN knock-down cell linesn vivo, mice were injected with B16 mouse

melanoma cell lines.
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2.1 Buffers

E3 buffer (6&stock, 2L)

34.4g NaCl, 1.52g KCl, 5.8g Caf2H,0, 9.8g MgSQ@*7H,0

LB Media (1L)

10g Tryptone, 5g Yeast extract, 5aNgpH 7),

50xTAE buffer (1L)

242g TrisBase, 57,1 mL acetic acid, 100 mL 0.5 MTRL
(pH 8,0)

6% DNA loading buffer

20% Ficoll-400, 0.025% Xylenecyanol, 0.025% bronienmol
blue

Oligonucleotide annealin

buffer

#0 mM Hepes (pH 7,4), 100 mM KAc, 2 mM MgAc, 1 m
EDTA

In situ hybridisation

50% Formamide,8SSC, 0.1% Tween 20 ,1 mg/mL tRNA,

Hyb+ 50ug/mL Heparin, adjust pH to 6.0 with citric acid

Hvb- 50% Formamide,8SSC, 0.1% Tween 20, adjust pH to 6.0 w
y citric acid

20xSSC 3 M NacCl, 0.3 M Trisodiumcitrate (pH 7)

Blocking solution

2% goat serum, 2 mg/mL BSA inTPB

AP solution

100 mM Tris pH 9.5, 50 mM Mgg| 100 mM NacCl, 0.1%
Tween 20 in HO

Staining solution

135 pg/mL NBT, 105 pg/mL BCIPAR solution

Western blot

CHAPS lysis buffer

10 mM HEPES (pH 7.4), 150 mM NacCl, 1% CHAPS, caosig
protease inhibitor cocktail (Roche)

SDS sample buffer ¢§

25% glycerol, 0.6 M Tris-HCI, 144 mM SDS, 0.1% brem
phenol blue

Blot transfer buffer

25 mM Tris-HCI, 190 mM glycin20% methanol

S-PBS

120 mM NacCl, 10 mM NaRQ;,, 30 mM KHPO, pH 7.6

Blocking buffer

10 mM Tris-HCI, 150 mM NaCl, 5% milk powder, 2% BSA
0.1% Tween-20, pH 7.4-7.6

SDS running buffer (1L)

190 mM glycine, 20 mM TBsse, 0.1% SDS

Table 1: Buffers

-17 -



2. Materials

2.2

Primer and Oligonucleotides

Primer for RT PCR

Sequence from 5'5 3’

FAN forward RT

ATCTGGAAGTCGGTCTGGTG

FAN reverse RT

CCGTGTTACCGTCAGAACCT

GAPDH for RT

ACTCCACTCACGGCAAATTCA

GAPDH rev RT

CCTTCCACAATGCCAAAGTTG

shRNA oligonucleotides

mFANSsil-sense

GATCCCCGGCTCCTTAAAGATATGTTTTCAAGAGA
AACATATCTTTAAGGAGCCTTTTTA

mFANSsil-antisense

AGCTTAAAAAGGCTCCTTAAAGATATGTTTCTCTT
GAAAACATATCTTTTAAGGAGCCGGG

mFANSi2-sense

GATCCCCGGTTCCAAAGTGTTTCTGATTCAAGAGA
TCAGAAACACTTTGGAACCTTTTTA

mFANSsi2-antisense

AGCTTAAAAAGGTTCCAAAGTGTTTCTGATCTCTT
GAATCAGAAACACTTTGGAACCGGG

Primer for FANsh-construct
sequencing

H1 min AATATTTGCATGTCGCTATGTGTTCTG
super3d’ AGGTCGACGGTATCGATAAG
Primer for zebrafish FAN

amplification

FAN forl ATG GCT TTC ATC ACG AAG AAG
FAN for2 ACG CTA CAG AGA CATGCC TG
FAN revl ACG CTA CAG AGA CAT GCC TG
FAN rev2 CAAGCACATTTT CTG CAG GA
FAN rev3 GCG GTC TGC TAAGTT GTT GA
3-Actin for ATGGATGATGAAATTGCCGCAC
3-Actin rev ACCATCACCAGAGTCCATCACG
Primer for zebrafish FAN

sequencing

FAN seql CTTTGAGTGGAATCTTTAAA

FAN seq2 CCACAAGATACCTGCTGCTC
FAN seq3 TTCAAAGAGCTGATTCCTGA
FAN seq4 GAAACACTTCTTTGTAGGCC
FAN seq5 CTACATTAA AGA TGT TCT CAA
FAN seq6 ATGTCTCTCCAATACTGTTG

FAN seq7 TCTGCTACATGGTTCTCGAG
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Morpholinos

FAN-E212 GTAAGCTGCTCACCTGTTTGTCTCG
FAN-I2E2 GCCATTGGTTCGCCTGTGTACAAAA

control Morpholino CCTCTTACCTCAGTTACAATTTATA

Primer for in situ probes

plastinT3for AATTAACCCTCACTAAAGGGAGACGGCATC

GGCT

TAATACGACTCACTATAGGGATCACCA
plastinT 7rev GCGCATCC

Table 2: Primer and Oligonucleotides

2.3 Antibodies and reagents

All chemicals were purchased from Sigma (Munchegrn@ny) or Roth (Karlsruhe,

Germany) unless indicated otherwise.

Antibody isotype supplier dilution
anti-GFP mouse monoclonal Roche 1:1000
Anti-Digoxigenin-AP Roche 1:5000
Phalloidin Invitrogen 1:1000

Table 3: Antibodies
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3.1 Zebrafish methods

3.1.1 Keeping and raising zebrafish

3.1.1.1 Growth conditions

Starting with day 2, zebrafish were kept in an aigma, consisting of several serial 12 L tank
units, at a water temperature between 26 and 28vdlins et al. 1994). The maximum
extent of utilization of a unit amounted to 40 fiper liter. The aquarium was supplied
continuously with fresh water, whereby daily 1/Xahe liquid volume was replaced by fresh
water. One half of the fresh water was adjustednlgns of an ion exchange resin to a total
hardness between 6-10 degrees of hardness urgspthier half was transmitted from a
reverse osmosis plant. Within the aquarium, theewatas circulated by a pump system.
Suspended particles were sieved by integrated filiés from the water and the filtered water
was sterilized afterwards by UV irradiation. Thecamulation of toxic substances (e.g.
nitrite) was prevented by using a bacterial filtéish were fed thrice daily. Beside the usual
fodder (Tetramin), Artemia and Bosmina were fedplider to ensure balanced nutrition. The
light and darkness rhythm was adjusted to 14 higlsand 10 hours darkness.

3.1.1.2 Zebrafish embryos

The collection of embryos for various experimewigki place in the morning starting with the
light phase. The evening before the adult male fanthle fish were put into a plastic box
containing a sieve which lets the eggs pass thropggventing adult fish eating their own
eggs. Male and female fish were divided by a sépardn the morning the divider was
removed at the designated time point, allowing fiek to mate and 30 minutes later the
embryos were collected. Embryos were kept in pisties with E3 buffer before and after the

experiments and were allowed to develop until tbeired stage in an incubator at 28.5 °C.
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3.1.2 Dechorionisation and storage of zebrafish emjms

3.1.2.1 Mechanical dechorionisation of embryos

Embryos of the desired growth stage were fixed ¥ Raraformaldehyd (PFA) in PBS

(phosphate buffered saline). Embryos were fixedtfar hours up to several days at room
temperature (RT) or at 4 °C, respectively. Aftesafion embryos were transferred to PBST
(PBS + 0.1 % Tween-20) and the chorion was remawg&dg fine-pointed watch-makers

forceps.

3.1.2.2 Storage of embryos

Embryos were stored in 4% PFA at 4 °C until theyengsed for further experiments.

3.1.3 In situ hybridisation of whole embryos

In situ hybridisation by means of Digoxygenin ldbdlprobes is a non-radioactive procedure,
which makes it possible, to determine the spati@r@&ssion of mMRNA (Tautz et al. 1989).
The embryos were incubated with digoxygenin lalelenti-sense RNA probes. The
hybridised probes were then detected immunochelyniday means of alkaline phosphatase
(AP) conjugated anti-digoxygenin Fab fragments, nehg the enzymatic conversion of

specific substrates resulted in the productionobdred precipitates.

In situ hybridisation of zebrafish embryos was perfed as described in Schulte-Merker et
al. (1992) with slight modifications:

Embryos were manually dechorinated and then fixéd ®BS-based 4% PFA overnight at
4 °C.

Embryos were transferred to vials with 25%, 50%¢67&nd 100% methanol in PBST, for 5
min, and subsequently stored in 100 % methand@@FfE until further treatment but at least
overnight.

For rehydration, embryos were incubated for 5 machein 100%, 75 %, 50% and 25 %
methanol in PBST and then washed twice in PBST. igosbwere treated with proteinase K
(10 mg/mL) for 8-12 min. The actual time of digestiwas determined empirically;

depending on the batch of enzyme used and on th®yemc stage. The proteinase K
digestion was stopped with 4 % PFA and a secoratifix with 4 % paraformaldehyde in

PBS for 20 min was followed by four more washe$ABST for 5 min.
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Subsequently embryos were prehybridised. For thipgse embryos were first incubated in a
Hybridisation solution (Hyb+), for 1 hour at 65 °&s much of the Hyb+ solution as possible
was removed without allowing the embryos to comedntact with air. An equal volume of
fresh Hyb+ containing 20 to 100 ng of digoxigenabélled RNA probe was added to the
tubes. After an overnight incubation at 65 °C tmebe was removed followed by several
washing steps:

100 % Hyb- at 65 °C for 15min

75 % Hyb- /25 % 2 SSCT at 65 °C for 15 min

50 % Hyb- /50 % 2 SSCT at 65 °C for 15 min

25 % Hyb- /75 % 2 SSCT at 65 °C for 15 min

2x SSCT at 65 °C for 15 min

75 % 0.XSSCT / 25 % PBST at RT for 15 min
50 % 0.%SSCT /50 % PBST at RT for 15 min
25 % 0.XSSCT /75 % PBST at RT for 15 min
PBST % at RT for 15 min

After these washing steps the embryos were incdifate3h in Blocking solution. Blocking
solution was replaced by an 1:5000 dilution of -@ngoxygenin-AP kg, fragments (Roche) in
Blocking solution. The incubation was carried oudaC overnight, followed by six times
washing for 15 min with PBST and two times washim@\P solution for 15 min. Detection
was performed in AP-reaction buffer containing 1@8mL NBT and 105 pg/mL BCIP in the
dark. The reaction was monitored under a binocafat stopped with 4 % PFA when the
signal was satisfactory.

For analysis of the in situ hybridisation the emdmrywere transferred into 4 %
methylcellulose (Sigma-Aldrich), on a hollow grindi slide and brought into a suitable
position using a fine needle. The embryos were thealysed using a stereomicroscope

(MZFLHIII; Leica) and photographed with a digitadrmera (Axiocam, Zeiss).
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3.1.4 Injection of morpholino oligonucleotides intaebrafish embryos

3.1.4.1 Morpholino design

The appropriate sequences for morpholino designe wsalected from the full length
sequences of FAN and sent to the company Gene fimosy/nthesis. The sequences of the
morpholinos used in experiments are listed in t@blglorpholinos were delivered lyophilised

and were immediately diluted in,8. The concentration of this stock solution wasN.m

3.1.4.2 Injection of zebrafish embryos

Zebrafish embryos were injected in the 1-2 celgstato the yolk directly under the first
cell(s). Embryos were put in a row on a agarostefth % Agarose in E3 buffer), the water
was removed and embryos were injected immediateingu FemtoJ& and a
Micromanipulator from Eppendorf. The injection dadm consisted of 0.3 mM of each
morpholino, 0.2 % Phenol Red and 0.1 M KCI of whioh average, 2 nl were injected per
embryo.

The used capillaries (Hilgenberg) were pulled usar@ytter P9 Micropipette Puller (Sutter)
(pulling conditions: heat 537, pull 100, velocit9Q, time 150).

3.1.5 Tail fin injury and confocal microscopy

2-dpf tg (PU1-Gal4-UAS-GFRVIPX-GFP) (Peri et al. 2008; Renshaw et al. 2006hrgus
either injected with control MO or FAN-MO were atfestised using tricaine (Sigma-Aldrich)
according to standard protocols (Westerfield 1985)prevent embryos from twitching.
Embryos were embedded laterally in a small drod.@f % low-melting agarose (Sigma-
Aldrich) in a glass bottom culture dish (MatTek) fwounding of the fin and subsequent
microscopy. Wounds at the end of the tail fin wer@de using a pulsed 532 nm cutting laser.
Images were taken directly before injury and 1.6rea@fter injury using an Olympus FV1000
confocal microscope and a*@ater objective. Leukocytes that reached a defared after
1.5 h were counted and statistically analysed. thoe-lapse microscopy Z-series were
collected at 2.30 min and 4 min intervals for 3Hdiurs. Projections of summed z-stacks,
time-lapse animation and cell tracking were gemeratising Imaris (Bitplane).

To analyse leukocyte recruitment to the tail-finund each cell was tracked (using Imaris)
from the point when it appeared until the end &f time-lapse series, or in case of the FAN-
MO injected embryos, until it disappeared againe Blverage speed of leukocytes and their

straightness, that means the ratio of netto leagththe total length, were analysed by using
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Imaris. The straightness is a coefficient betweean@ 1. A higher straightness indicates a
more directed migration toward the wound.

The morphology of cells during their migratory rewvas captured from individual frames of
time-lapse movies using Image J and tracing pfieere colour coded. These profiles
outlined the protrusions extended by the cell amdewsubsequently analysed whether a cell
had made the ‘right’ or the ‘wrong’ choice of psepddia. A ‘right’ choice of pseudopodia
means that this pseudopodium is extended in trextihn of movement. A ‘wrong’ choice
means that a pseudopodium is extended againsirdation of movement. This analysis was

performed for 10 morphant and 10 control cells.

3.1.6 Bacterial infection of the otic placode

E.coli (DH5a) carrying the dsRed-expressing pGEMDs3 plasmidg&i et al. 2009; van der
Sar et al. 2003) were grown in standard LB mediamtaining ampicillin (50 pg/mL). For
infections, a 3 mL overnight culture was centrifdger 3 min at 4008g, supernatant was
removed, and the pellet was washed three times RBB. After washing, the pellet was
resuspended in 500 uL PBS. The final injection tsmtucontained the washéglcoli diluted

in PBS containing 1/10 Phenol Red.

2-dpf tg(PU1-Gal4-UAS-GFP) embryos either injectdth a control MO or FAN-MO were
anaesthetised using tricaine (Sigma-Aldrich) andireged on agarose plates for infection.
Infection was achieved by injecting the bacteri® itihe otic placode by using an Eppendorf
Femtojet and micromanipulator. After infection eyds were embedded laterally in a small
drop of 1.2 % low-melting agarose (Sigma-Aldrich)a glass bottom culture dish (MatTek).
Confocal microscopy was performed by using an OlysnBV1000 confocal microscope and
a 40« water objective. Images were taken 30 min aftcition. Leukocytes that reached the

side of infection after 30 min were counted andsiaally analysed.

3.1.7 Sudan Black Staining

Sudan Black stains lipids and more intensely arelvarsibly the granules of granulocytes.
After washing with 70 % ethanol only the stainirfggoanulocytes remains and therefore it is
a suitable method to stain neutrophils. 2-dpf tg{REAI4-UAS-GFP) embryos either injected
with FAN-MO or not injected were injured with aaggel and fixed in 4 % PFA for 2 hours
at RT. Embryos were washed three times with PBS2ktNembryos were incubated in 35 %
ethanol/ 65 % PBST and 70 % ethanol, each for 5 Afterwards embryos were transferred
to a 0.18 % sudan black staining solution (Sigmdriéh 380B) and incubated for 20 min
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followed by two short washing steps in 70 % ethahefore they were progressively
rehydrated. Subsequently PBST was replaced by &b 3§lycerol solution. This step was
repeated with a 60 % and 90 % glycerol solution.

For analysis of the sudan black staining the ensonyere transferred in 90 % glycerol
solution on a hollow grinding slide and broughtoirat suitable position using a fine needle.
The embryos were then analysed using a stereomapes (SMZ1500; Nikon) and

photographed with a digital camera (DSFI1, Nikon).
3.2 Molecular biology methods

3.2.1 Polymerase chain reaction (PCR)

The polymerase chain reaction was performed dftentethod of Mullis et al. (1986).

3.2.1.2 PCR with double stranded (ds) DNA as tempia

For the PCR reaction the T3 Thermocycler (Biometra$ used. The reaction was performed
in a total volume of 50 uL. For one reaction ~1@)template DNA, 10 pM forward and
reverse primer, respectively, and 25 pL High FigeHCR Master mix (Roche) (containing
enzyme, & reaction buffer with 3 mM MgG) and nucleotides (dATP, dCTP, dGTP, dTTP,
each 0.4 mM) were used. For the final volume oftfRPCR grade water was added.

PCR conditions:

(1) 98°C - ®

(2) 98 °C - 30 min for denaturation

(3) 98 °C - 10sec

(4) 55-65°C - 1min for primer annealing (temperature degemuthe primers used)
(5) 72°C - 1min  for DNA synthesis (time depending on prcidength)

(6) 29 repeats of steps 3 -5

(7) 72°C - 7min elongation

(8) 8°C -
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3.2.1.3 PCR with first strand synthesis as template

RNA from zebrafish embryos was isolated from embrgb different stages of development
using the uMACS mRNA isolation kit (Miltenyi Biotgcaccording to the manufacturer’s
protocol, by addition of a DNAsel digest for 7 nitmremove traces of genomic DNA. First-
strand synthesis was performed by utilizing thee®sqript 11l system (Invitrogen) using 300
ng of MRNA and random hexamer primers. For RT-PTR,ng first-strand synthesis and
RedTaqg DNA polymerase (Sigma-Aldrich) were used:-FROR was performed as follows:

2 min at 94 °C

15 (B-actin) and 30 (FAN) cycles

94 °C for 15 sec

55 °C for 30 sec

72 °C for 1 min

7minat72°C

For the amplification of FAN the primers Fan-forhdaFan-revl were used. For the

amplification of [3-actin the primers 3-actin-fondal3-actin-rev were used.

3.2.2 Agarose gel electrophoresis

To separate nucleic acids depending on their sjgeoae gels were used. The amount of
agarose was between 0.8 % und 2 % in 1 x Tris-A&d&trophoresis (TAE)-buffer. 1/6 6 x
loading-buffer was added to the samples and themgsl run in a horizontal flat bed gel
chamber filled with 1 x TAE. To visualize nucleicids Ethidiumbromide was added to the
melted gel (4l Ethidiumbromide-solution (1@/ml) in 100 mL) and the gels were analysed

and pictured on a UV-Transiluminator (Biozym).

3.2.3 Extraction of PCR fragments from agarose gels

The fragment of interest was cut from the gel usingcalpel and transferred into a 1.5 mL
eppendorf. The further extraction was done usirgy NMucleoSpinExtractll Kit (Macherey-

Nagel) according to the manufacturer's protocol.

3.2.4 Restriction enzyme digestion

The total volume of the reaction was @0 Depending on the following experiment 1+§ of
DNA were digested. Furthermore the reaction coedisff 1/10 reaction buffer and 10U of
the desired restriction enzyme and was incubated-fhours at 37 °C. Afterwards the DNA

was cleaned up by gel extraction (3.2.3).
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3.2.5 Ligation

50 ng of the vector were used for the ligation Hr@lamount of the insert-DNA was adjusted
to a molar ratio of 3:1 to the vector in a totalumoe of 20 pL. Additionally the ligation
reaction containedxlrapid ligation buffer, 5U T4 DNA Ligase enzyme agoclaved water.
The reaction was incubated for 30 min at room tewatpee. The product of the ligation was

then transformed into competent bacteria.

3.2.6 Transformation of bacterial cells

Plasmid DNA was transformed into competEraoli and cultured overnight in LB Media at
37 °C. Selection was done with the accordant aottibi

Ampicillin: 150 pg/mL

Kanamycin: 30pg/mL

Transformation of plasmid DNA:

1 ng of plasmid DNA was incubated on ice for 20 miith 100 pL of competent bacteria
followed by a heat shock for 1.5 min at 42 °C irwater bath. After this bacteria were
incubated on ice for 3 min. For the expressionhefrarker of resistence 400 pL LB Media
were added and bacteria were incubated for 1 ho@b@ rpm at 37 °C. The transformed
bacteria were plated on LB plates carrying the ataa antibioticum. Agar plates were

incubated at 37 °C overnight.

3.2.7 GrowingEscherichia coli

E. coli were grown according to existing protocols (Samkreioal., 1989).

3.2.8 Minipreparation of plasmid DNA

Using sterile tips single clones were picked frdra bacteria plate and transferred to 5 mL
LB-medium containing the required antibiotic. Thétare was incubated overnight at 37 °C,
250 rpm. The next morning the plasmid preparati@s werformed using the NucleoShin

Plasmid Kit (Macherey-Nagel) according to the mawtudrer's protocol.

3.2.9 Midipreparation of plasmid DNA

100 pL of the culture for the Minipreparation waseg to 100 mL LB-medium containing
the required antibiotic. The culture was incubate@rnight at 37 °C, 250 rpm. The next
morning the plasmid preparation was performed ushe NucleoBon@ Xtra Midi Kit

(Macherey-Nagel) according to the manufactureidsgool.
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3.2.10 Sequencing of DNA

DNA sequencing was done by GATC Biotech. 20 uLhef Template (containing 20 - 100
ng) and 20 pL of the sequencing primer (10 pmobheveend to GATC Biotech.

3.2.11 In vitro transcription to produce in situ probes

To produce labelled RNA probes the T3 or T7 polyaser(Roche) were used, depending on
the promotor present on the template DNA. The mwaobere labelled using the Digoxygenin-
RNA Labeling Mixfrom Roche.

The transcription reaction contained 200-500 ng DNAL 10x Labeling Mix, JuL RNA
Polymerase (20 WL), 1 uL 10x Transcription-buffer (contains 60 mM Mgzgtland 0.5uL

RNase Inhibitor (40 WL, Roche Mannheim). The total volume was adjusted toulOwith

HZODEPC(DEPC = Diethylpyrocarbonat). The reaction was bated at 37 °C for 2 hours and

subsequently stopped by addingll RNase free 0,2M EDTA. Purification of the trarpts
was done by ethanol precipitation according to Rqgmtotocol. The RNA pellet was resolved
in a mixture of 2Ql HZODEPCand 20uL Formamide and stored at -20 °C.

3.2.12 Quantification of DNA by Spectrometric analgis

To quantify the amount of DNA a Nanodrop photomé¢€E Healthcare) was used. Reading

was taken at a wavelength of 260/280 nm accordirigd manual.
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3.3 ShRNA and lentiviral gene transfer

To silence FAN expression, pENTR constructs wereegged with a pair of oligonucleotides
derived from FAN. Two shRNA sequences were desigonedown-regulate FAN. For each
shRNA construct two oligonucleotides containing récleotides (nt) were designed. After
intermolecular hybridisation these oligonucleotidesn an inverted repeat of 19 nt that is
flanked by a 9 nt spacer. In addition the oligorotides contain the nucleotides necessary for
the start and stop of polymerase IIl and unpairedsdor the cloning in thBgl 11 andHind

[l restriction sites of the pENTR vector. The upstrepart of the inverted repeats
corresponds to the target sequence of the targétAnBense strand), the downstream part of
the inverted repeat is complementary to the tasggtience (anti-sense strand).

The pENTR/FANShRNA constructs were transientlynsfacted into HEK293 FT cells
cotransfected with FAN-GFP. The efficiency of shRKAockdown was determined using
western blot analysis. After confirming that botlEENSTR/FANShRNA constructs are
functional they were stably expressed in cell linsig lentiviral gene transfer.

Starting with the pENTR clones, the pLenti6/V5DEGFP FANShRNA-, or scrshRNA-
expressing vectors were created using LR reconibmathe viral particles were produced
according to manufacturer's instructions (ViraPowkeentiviral expression system;
Invitrogen). %10° B16 melanoma cells (B16 F1 and B16 F10) were thacsd with the
produced viral particles and stable cell lines wgsmerated by blasticidin (Invitrogen)

selection.

3.4 Quantitative real-time PCR

Real-time RT-PCR is a highly sensitive method #@ilaiws the quantification of changes in
gene expression. For the relative quantificationtlud expression of a target gene the
expression of the target gene is related to theesspon of a "Housekeeping Gene" (reference
gene) which is a ubiquitous and homogenously egpresgene like glyceraldehyde-3-
phosphate dehydrogenase (GAPDH). The quantificaiaent of the mRNA starting amount
is the so called Crossing Point (CP). The CP dessrihe number of cycles that are necessary
to reach a constant defined level of fluorescembe. relative expression of the target gene in
treated samples or after gene silencing is reladea Control (Ctrl), for example untreated
samples or wild type expression. This is fa&CP method of quantification. In this method

the a ratio is calculated that expressed the velatinange of target gene expression between

-29-



3. Methods

treated samples and control samples that is nasathlio a reference gene and in relation to
the control. The ratio is determined as descriteddvin:

ACP = CP(target gene) - CP(reference gene)
AACP =ACP -ACP(Ctrl)
ratio = 2°CP

Quantitative real-time PCR and tAACP method of quantification was used to verify FAN
knockdown in the putative knockdown cell lines gaed with lentiviral gene transfer (see
3.3). To this end, CHAPS cell lysates from B16vA]l B16 F10 wt and the putative cell

lines were prepared as described in section 3FNA was extracted from lysates using the
NucleoTrap mRNA Kit (Macherey-Nagel Diren) accoglito the manufacturer's protocol.

RNA was reverse transcribed into cDNA using thed®&Md™ First Strand cDNA Synthesis

Kit (Fermentas) according to the manufacturer'squa. The synthesised cDNA was used
for real-time PCR reactions using an IQ5 thermatlay (BioRad) and SYBRGreen |

chemistry and the following PCR program:

Cycle | Repeats | Step | Time | Temperature PCAI\?q/LI\I/iI;IttiCI)Dnata C-lrf?;?lzé End Temp.
1 1
1 3min 95 °C
2 40
1 15 sec 95 °C
2 1 min 60 °C
3 1 min 72 °C Real time
3 81
1 30 sec 55°C Melt curve 0.5°C 95 °C
4 1
1 0 25°C

3.5 Cell culture and transfection

B16 mouse melanoma cells (B16 F1 wt and B16 F10wete cultured at 37 °C in DMEM
(Biochrom, Berlin, Germany) and 10 % fetal bovireeusn (FCS). B16 F1 knockdown and
scrambled cell lines were cultured at 37 °C in DMEN % FCS supplemented with 2 mM
non-essential amino acids and 10 mM sodium pyruM@®chrom) and 12 pg/mL
Blasticidin. B16 F10 knockdown and scrambled aeks$ were cultured at 37 °C in DMEM/
10 % FCS supplemented with 2 mM non-essential araaids and 10 mM sodium pyruvate

-30 -



3. Methods

(Biochrom) and 17 pg/mL Blasticidin. Blasticidinra®entrations essential for each cell line
were determined by titration.

HEK 293FT cells were cultured in DMEM / 10 % febalvine serum.

Cells were transfected using the calcium phosphaéhod (HEK 293FT) (Wigler et al.
1978).

3.6 Degradation assay

3.6.1 Gelatine labeling with Alex Fluor 594

The labeling of gelatine with AlexaFluor 594 wasfpemed using the AlexaFludr594

Protein Labeling Kit (Invitrogen) according to thenufacturer's protocol.

3.6.2 Generation of Alexa 594-gelatine coated covslips

15 mm cover slips were coated with gelatine cortieajao an Alexa 594 fluorophore. First,
cover slips were sterilised with 70 % ethanol. Bterile cover slips were put on a drop
(20 pL) of AlexaFluor 594-gelatine. Excess gelatives removed with a pipette by tilting the
cover slip. The coated site of the cover slip wantput onto a 100 pL of 0.5 % ice-cold
glutaraldehyde/PBS solution and incubated for 16 ati4 °C. Subsequently, the cover slips
were transfered to a standard 12 well plate withdbated side up. Cover slips were gently
washed three times with PBS at RT followed by atulration with sodium borohydride
(5 mg/mL in PBS) for 3 min at RT. Cover slips wagain washed three times with PBS and
subsequently resterilised in 70 % ethanol for 2@ ati RT. From now on cover slips were
handled in the tissue culture hood. After threeenmashing steps in PBS cover slips were
qguenched in serum free medium for 1 hour at 37 T@e coating of cover slips results in a

red fluorescent background.

3.6.3 Growing cells on gelatine coated cover slips

To observe the degradation of the extracellularimn&16 melanoma cells (B16 F1 wt, B16
F1 scr, B16 F1 L6M5, B16 F1 L6E3, B16 F10 wt, B1BFscr, B16 F10 L8M2, B16 F10
L8E4) were plated on the gelatine coated covesgignerated in 3.6.2. The degradation of
the extracellular matrix results in black areastlom cover slips. Cells were grown on cover
slips for 20 hours. After this time cells were fixir 20 min with 3 % PFA.
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3.6.4 Phalloidin staining of the cells

To visualise the actin cytoskeleton cells werengdiwith phalloidin labeled to Alexa 488.

Phalloidin is a toxin of the death cap (amanitallpiges) which binds to F-actin.

For the phalloidin staining cells were incubatethva blocking and permeabilisation solution
(3% BSA/0.1% Saponin/PBS) for 30 min at RT. Nex¢ itells were incubated with the

phalloidin antibody (1:1000) for 1 hour at RT folled by three washing steps in PBS for
10 min. Cell were embed in Mowiol for confocal muscopy (3.6.5).

3.6.5 Confocal microscopy of B16 melanoma cells gva on cover slips

Images of the B16 melanoma cells that were growfiumrescent gelatine cover slips were
taken using an Olympus FV1000 confocal microscapkaa6& oil objective. Z-series of 200

cells per cell line were taken for analysis of degradation of the extracellular matrix.

3.6.6 Quantification of the degradation of the exwcelluar matrix

For the quantification of the degradation of the&selluar matrix in B16 melanoma cell lines
Image J was used. To this end, the number of eaks determined in the green channel of
each picture. Then the red channel of each pictume turned into a black and white
projection in which white shows the fluorescentkgaound and black the degraded part of
the background. The percentage of degraded areascastained by using particle analysis.
The percentage of degraded area was divided byntimber of cells of the according
phalloidin stained picture to get the average d#gjran of a single cell. This procedure was
done for 200 cells of each cell line.

3.7 Proliferation assay

To determine the proliferation of B16 melanoma deles and to measure if there are
differences in the proliferation rate between wiftét and knockdown cell lines<20° cell of
each cell line (B16 F1 wt, B16 F1 scr, B16 F1 L6\N83,6 F1 L6E3, B16 F10 wt, B16 F10
scr, B16 F10 L8M2, B16 F10 L8E4) were plated standawell plates. The number of cells
was counted using the automated cell counter Cessintéinvitrogen) according to the
manufacturer's protocol after 24 hours, 48 hours & hours. Each cell line was plated in

triplicates for each time.
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3.8 Western Blot

3.8.1 Cell lysates

To extract whole cell lysates, cells were washedvin cold (4 °C) PBS. Cells then were
pelleted at 1.200xg for 3 min at 4 °C and resusedrid 1 volume of CHAPS lysis buffer

followed by incubation on ice for 30 min. Samplesrevcentrifuged at 14.000xg for 20 min at
4 °C and supernatants (whole cell lysates) werevezed.

3.8.2 SDS polyacrylamid gelelectrophoresis

Samples were heated in SDS sample buffer for 5 ahih00 °C and shortly centrifuged.
Samples were then loaded on polyacrylamid gel€41@nd run at 120 mV in SDS running
buffer.

3.8.3 Blotting and detection

Proteins were blotted on nitrocellulose membrafest(an, Schleicher & Schuell) for 90 min
at 240 mA in blot transfer buffer. Afterwards meites were blocked for 30 min in blocking
buffer and incubated with primary antibody overnigh 4 °C. After washing membranes
were incubated with secondary antibody for one retuRT, followed by the detection of

signals on film (Amersham Inc.) using enhanced chemnescence (ECL reagent, Pierce).

3.9 Migration assay B16 mouse melanoma cells

B16 mouse melanoma cells were seeded on 12-wédspla/N and imaged at 37 °C using an
Olympus IX81 inverted microscope with @8upply. For each cell line (B16 F1 scr, B16 F1
L6M5, B16 F1 L6E3, B16 F10 scr, B16 F10 L8M2, B1BOH.8E4) Phase contrast pictures
were taken every 15 min over 10 hours, and moviee wenerated from the pictures using
the software exellence RT from Olympus. Migrati@ihs of individual cells were tracked in

the movies using exellence RT software from Olympus

From the migration paths total path length waswdated using exellence RT software. For
each cell line, 100 cells were tracked in two inelegent experiments.

3.10 Statistical analysis

Results were expressed as mean + SEM. Statistieifsas were standard two-tailed student t
test for two data sets using Prism (GraphPad Ifkcyalues below 0.05 (*), <0.01 (**) and
<0.001 (***) were deemed as significant and higkignificant, respectively.
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4. Results

4.1 FAN mediates navigational capacity of leukocyse responding to

wounds and infection

4.1.1 Identification of zebrafish FAN

FAN is involved in TNF mediated actin reorganisatigiaubert et al. 2007) and leukocyte
recruitment (Montfort et al. 2009). To test thedtion of FAN for leukocyte motilityn vivo

the zebrafish @anio rerio) was used in this work as a model organism. ThHaratish
embryo/larvae turned out to be a powerful modelesysto observe leukocyte functiomvivo
(Cvejic et al. 2008; Feng et al. 2010; Zhang eR@D8). From this end, the first aim was to
identify a FAN homolog in zebrafish, and the genondatabases ensemble (http://
www.ensembl.org/Danio_rerio/index) and NCBI (hthpww.ncbi.nlm.nih.gov) were
searched for FAN homologues. Both databases ravesle sequence that was predicted to
be a FAN homolog, but both of these fragments weshort to represent the whole zebrafish
FAN. Sequence alignment of the two predicted zedhve#FAN homologues with mouse FAN
cDNA revealed that the sequence found in ensemddehigh homology to the N-terminal
part of mouse FAN cDNA while the sequence fountl@BI shows high homology with the
C-terminal part of mouse FAN cDNA. To test if bdthgments represent only one homolog
FAN specific PCR-Primer were designed and PCRs foNA generated from zebrafish
embryos 2 days postfertilization (dpf) were perfednHere, the forward primers bound to
the fragment predicted to be the N-terminal padeirafish FAN, the reverse primers bind to
the part predicted C-terminal part of zebrafishasproduct could only be observed if both
parts represent one homolog (Fig.3). Indeed, bo¢mtified sequences represent only one
zebrafish FAN homolog, and the PCR fragment cooedmg to the full-length zebrafish
FAN was sequenced for further analysis (Fig. 3Aje Eebrafish FAN gene encodes a protein
with 911 amino acids and shows the typical sigratfrthree functional domains: a weakly
conserved PH domain (amino acid 191 — 286), a BEAIGHain (amino acid 302 - 575) and
five WD40 domains at the C-terminus (amino acid 6281 (Fig. 3B).
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Figure 3: A) Schematic drawing of the cloning strategie usedmplify zebrafish FAN. The forward
primers bind to the fragment predicted to be thieidiinal part of zebrafish FAN, the reverse primers
bind to the predicted C-terminal part of zebrafigmerating a product only if both parts represeet o
homolog. B) Schematic drawing of the primary stmwe of zebrafish FAN. The PH, BEACH and
WD40 domains are shown in light blue, dark blue paple, respectively.

Sequence alignments of FAN from different speciesrevmade using Vector NTI
(Invitrogen). Sequence comparison between mouse zadafish FAN revealed a total
homology of 70 % and a consensus homology of 78.8Fgure 4). This high degree of
conservation of FAN is observed in the entire ahikilagdom suggesting its evolutionary

conserved role in cellular processes.

-35 -



4. Results

ot 10 20 a0 a0 52

FAN Daniorerio (1) AFTTKKDR-— - ———— SKERFSLLLLDLEEQTFE QH L AR GPETNRRT

FAN mouse (1) MAFTRKRQREQQLGLY SKERFSLLLLHLEEYYFEQHT QHQGEQEERKT

FAN human (1) MAFIREKOOEOOLOLY SKERFS L LLLNLEEYYFE 0HR ANHIL HR GCSHHERET

Consensus (1) MAFIRKKQREQQLOLYSKERF5LLLLNLEEYYFEQH AFHI HKGS ERKI

Section 2

(53) 53 &0 70 o a0 104

FAN Danio rerio (46) NGSLEICSKSVIFEFDDAVEF ILKIFLRDCSEINAVEET-AHNFFIEBKERC
FAN mouse (53) RGSLETCSKSYIFEPDATS0P I LET PLED CLET GKHGENGANKHF ARARS

FAN human (53) RGSLEICSK5VIFEPDSLSQP ILKTPLRD CIKI GRHGENGANRH FTRARSGG

Conzensus (53) RGSLEICSKSVIFEPDATSQPILEIPLRDCIKIGKHGENGANKHF KAKSAG
Section 3

(105) 105 410 120 130 440 166

FAN Danio rerio (37) TYRKTE QLT QIKEENY VAP TETDRGEKEITFOLGS P IKTEDVYQILLOLHRA
FAN mouse (105) TSLIFS0ITFIKERNIVAP YRIERGRMEYY FELEV sGKVEDVVETLL O LHRA
FAN human (108) TSLIFS 08T FIKERNYYA P TKIERGEMEYY FELDVPGEVED VVETLL O LHRA

Consensus (105) IT5LIFSQITFIKEHNVYAPYKIERGEMEYVFELD VP GKVEDVVETLLOLHRA
Section 4

(157 157 170 120 190 208

FAMN Danio rerio (148) SRLDKQSD UTAMIAATILOSRLARTRFDENS FONVEE L P HME CE AENVEPLYT
FAN mouse (157) SCLDELGDOMAMITAILOSRLARTSFDENRFOS¥SEKLHME CKAEMVTPLVT
FAN human (157) SCLDELGDOTAMITAILOSRLARTAFDENRFONESEELHME CKAEMVTELYT
Consensus (157) SCLDKLGDQTAMITAIL)3RLARTSFDENRFONYSEELHME CKAEMVTPLVT
Section 5
(209) 209 220 230 2490 250 ZE0

FAN Daniorerio (207) NAGHVCITDCNLYFOPLNSYPDSWVOIGLHSVRRIVERRHGLRPLGLEVFCT
FAN mouse (208) NP GHVCITDTELYFOQPLNGYPREVVOITLAD VRRIVERRHGLMP LGLEVFCT
FAN human (208) HEGHVCITDTNLYFOPLNGY PERVVQITLODVRRIYERFHGLMPLGLEVFCT

Consensus (209) NPGHVCITDTNLYFOPLNGYPEPYVVOITLODYRRIVERFRHGLMP LGLEVFCT
Section §

(261) 261 270 280 290 300 312

FAN Danio rerio (253) BNDLCSD 17 LKFYETEDRD BL YR YT ATRLE VAVAEHTAES THL QW ORGHE S
FAN mouse (264) BBDLCSDIYLKFYEPODRDDLYFYIATY LEHHAAEHTAESTHL OWORGHL SN
FAN human (261) EDDLCSDIYLEFYERQDRDDLYFYIATY LEHHVAEHTAESTHL QWOIRGHLSH
Consenzus (261 EDDLCSDITLKFYER QDRDD LYFYTATYLEHHVAEHTAESYML QWQRGHL SN

Section 7

(313) 2313 320 230 240 250 264

FAN Danio reria (305) YOYLLHLNNLADRSYNDLS0YPVFPURISD v ssMoLpL Lnr AEFRDLSKEEG
FAN mouse (313) YOVLLHLNNLADRSENDLSQYPVFPULISDYSSPELDLSNFATFRDLSKENG
FAN human (313 ¥QVLLELNNLADRSCNDLSQYPVFPULIHDY538ELD LENPBTFRDLSKPWG
Consensus (313) YOYLLELNNLADRSCNDLSOYPVFFUIISDYSSSELDLSNPATFRDLSKEVG

ection 8
(365) 65 370 250 200 400 G
FAN Danio rerio (357) ALNRERLERLLERYEDMPE PRFNYGSHYS 8 PGTVLFYLVEWAPERNLCL ONG
FAN mouse (365) ALNAERLERLLTRYOENPE PRFIYGSHYSSPGYVLFYLVRIAPEYMLCLONG
FAN human (365) ALNEERLERLLTRTOENPE PRFNTGSHYSSPGYVL FYLVRIAPEYNLCLANG
Consansus (365) ALNKERLERLLTRYQEHPEPRFMYGSHYSSPGYVLFYLVRIAPEYHLCLEING
@17 M7 450
FAN Danio rerio (405) RFDHADRMFMSIIETHKMCLIGITDFKELIpEFYGsDSSFLRNLLGLDLGI—
FAN mouse (417) RFDNADRIFNS I AE THENC LDGATD FKEL T PEFYDEDWSFL VNS LELD LGER
FAN human (417) RFDNADRNFNS IAETWENCLDGATD FKELIPEFYGRDWSFL VIS LELD LGKR
Consensus (417) RFDNADRMFNS TAETWENCLDGATD FKELI PEFVGDDVSFLVIS LELD LGKR
Section 10
(469 459 430 430 500 510 520

FAN Danio rerio (481 06 GGRVENVEL PBWASDPBDFLOKNCLALE SOTVSEHLHEIDL I FGTRORG
FAN mouse (468) 0GGONVDD LrguasfroprLokifALES LY VSERLIEYIDLIFGYRORG
FAN human (46%) (GCQMVDDVEL P PASSPEDFLIKSKDALE SHEVSEHLHEWIDL I FEYRORG
Consensus (468) (GGOMVDDVELPPUASSPDDFLOE KDALESNYVSEHLHEWIDLIFGYKOKG

Section 11

(521 521 530 590 580 560 572

FAN Danio rerio (513) SEAVASHNYFHF LTYE GGVDCD 3 IED PD QKEAMLTOILEFGQTPROLFVTFH
FAN mouse (521) SEARGAHNYFHP LTVEGGVDLNS TED PDEKYAMLTQI LEFGQTPRALFYTPH
FAN human (521) 5AVGAHNYFHPLTYEGGVDLNSI0D PDEK¥ANLTOILEFGOTPROLFVTPH
Consensus (521) SEAVGAHNYFHPLTYEGGVDLNSIED PDEKVANLTQILEFGQTPEALFVTPH

Section 12

B73) 572 580 590 (=} 510 529

FAN Danio rerie (565) PURITP.FYHLSTTPSLS.SE—LSPVSPCHESFEDLTEESRKIJAT}ISN.ﬁKLV
FAN mouse (573) PREITPKEFESLS0ASSYNASLTDSPVS P GEESFED LTEESRTLAWSNIAKLD
FAN human (573 PRRITPKFESLEQTSS¥NAS - - -MADSPGEESFED LTEESKTLAWNNITELQ

Censensus (573) PRRITPKFESLSOQTSSYNAS SPVSPGEESFEDLTEESRTLAWSNI ELQ
Section 13

525 325 630 550 660 6575

FAN Danio rerio (316) u:cﬁ(IHREAVTGI_VIL:.GD SEFTTS0D STLKNFSKEN - CLORSWS FSUN
FAN mouse (525 LHEQY¥EIHEEAVTGIAVSCHGS S¥FTTSQDSTLEMFSEESEMLORSISFSNHN
FAN human (622) LHEHYKIHEEAVTGITVSRNGS S¥FTTS0DSTLKNFSKESEMLORSTS FSHN

Conzenzuz (525) LHE YEIHEEAVTGIAVS NGESVFTTS0DSTLEKMFSEESKMLORSISFSNM
Section 14

B77) 377 [==lu] Foo 70 TZ=
FAN Danio refio (567) ALSSCLMLPDDKIVEMC SSWDNNVYFYS I AMGRRODTLINGHDD AVSDICURDD
FAN meuse (577) ALS5CLLLEGD TTVIBSSWDNNVYFYSIAFGRRODT LEGHDD AV SEI CWEHND
FAN human (874 AL33CLLLPGEDATVINSSWDNNVYFY 3 IAFGRRUDTLMGHDDAY SRICVEDY
Censensus (677) ALSSCLLLPGD TVISSSWDNNVYFYSTAFGRRQDTLMGHDDAVSETICWHDD
Section 15
720 7za 70 750 760 770 TED
FAN Danio rerie 719) RLVBASWDSTVRVUECVAADE s sNKRTOFD P LAE FEHEAGVNTED LS PAGTL
FAN mouse 728) RLYVSBSWD S TVEVTSGVPAENEF GTRRHOFDL LAELEHDVSVNTINLNAVSTL
FAN human (728) RLYSASWDSTVEVUSEVPAEMEGTERHHFDLLAE LEHDWS VD TI S LHAASTL
Gensensus G29) RLYSASWDSTVKVUSGYPAEMPGTKRHOFDLLAELEHDVSVNTT LNAASTL
Section 1
Fa 781 790 a0 210 a20 232

FAH Danio rerio (771) LATGTEE G DL aBrL PR OBTCES GREHQVAFS PDSRHIL S VGEDSCL
FAN mouse 781 LWSGCTEEGMWNIND LTTATLLHOTSCHS GTVCDAAFSFDSRHILSTGVDGCL
FAN human (778) L¥SGTEE GTVNIVD LTTATLMHOIP CHSGINCDTAF S PDSRENLSTCTDGCL

Consensus 781 L¥SGTKEGTVNIWDLTTATLLHQISCHSG ¥CD AFSPDSRHILSTG DGCL

2233 333 240 850 870
F AN Danio rerio (323) ]-!VTDVQTGHLI-_lEQEQRCFCT-TDGN.VLSGF-ISG.LSVTJNLLW
FAN mouse (833 NVIDVOTGHLISSMASEEPURC FYWDGNSV L 558R S GELLVID L LGAKVSER
FAN human (330) NYVIDVOTGHLISSHTSDEPORC FYWDGNSYL 56605 GELLYUDL LGAKTSER

Consensus (833) NVIDVQTGMLISSM SEEPQRCFVWDGNSVLSGS SGELLVWDLLGAKVSER
Section 12

(885) 385 200 j=Iulu] 210 a1

FAN Danic rerio (878) TPHAHSGAVTCHUMNE(CSSIITGGLDROIILWKF QY
FAN mouse (285) T|§5-HTGAVICHWMNEOCS ST ITCGEDRO INFVEDOY
FAN human (382) TOG-HTGAVTCEVMNEQCSSIITGGEDROITEWKLOY
Consensus (389 IQG HTGAVICMWMNEQCSSIITGGEDRQIIFWELQY

Figure 4: Sequence comparison between zebrafish, mouséwamdn FAN. Sequence comparison
between mouse and zebrafish FAN revealed a totablagy of 70 % and a consensus homology of
78.5 %.
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4.1.2 Morpholino knockdown in zebrafish embryos

To determine if FAN is expressed during the earfgss of development, which is essential
for morpholino (MO) knockdown, RT-PCR analysis wasrformed. mRNA was isolated
from embryos at the indicated time points postifeation (pf), andp-Actin was used as a
positive control. FAN mRNA is already maternallyopided and strongly expressed during
the first 6 days of development, which indicatepassible role of FAN during early
developmental stages (Fig. 5A). After having vedfithe FAN expression during the early
stages of development morpholinos were designe&Ad knowdown. Two so called splice
Morpholinos were designed which bind to the boumsgaof Intronl/Exon2 (I1E2) and
Exon2/Intron2 (E212) masking the splicing siteseofon2 (Fig 5B). Thus, splicing sites of
Exon2 are masked and Exon2 is abolished in the mnanRNA which results in the
generation of stop codons in Exon3 and therefora monfunctional protein (Fig. 5B). To
apply morpholino induced knock-down of FAN, onel athge embryos were injected with
FAN morpholinos and the efficiency of FAN knock-dowvas monitored by RT-PCR.
Injection of the single Morpholinos (I1E2, E212)dadouble injection (DI) abolished the wt-
transcript. The double injection of both Morphokntead to the generation of two shorter
splice variants. Sequence analysis of the two géeeértranscripts revealed a deletion of exon
2 and 3 and parts of exon 4 within the shortersitept. Single injections were performed
with a morpholino concentration of 0.3 mmol. Doulitgections were performed with a
morpholino concentration 0.3 mmol and 0.6 mmol (BE§). Both splice variants have a
frameshift caused by the deletion of exons regyitina truncated protein.

To test if the knockdown of FAN had any impact otat numbers of leukocytes in FAN
morphantsjn situ hybridisation was performed using a probe againglalstin, a marker for
early leukocytes in zebrafish. In situ hybridizaticevealed that FAN morphant and control

embryos have equal numbers of |-plastin positivis ¢Eig. 5D).
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Figure 5: A) RT-PCR analysis of FAN during the early stagéslevelopment. mMRNA was isolated
from embryos at the indicated time poinsActin was used as a positive control. FAN mRNA is
already maternally provided and strongly expressedng the first 6 days of development. B)
Schematic drawing of the targeting strategie of FAbrpholino knockdown. Morpholinos that bind
to the Intronl/Exon2 and Exon2/Intron2 boundary evdesigned to abolish Exon2 in the mature
MRNA, resulting in a nonfunctional protein C) RT{R@ monitor the effect of the injected FAN
antisense Morpholinos. Injection of the single Mwiinos (I1E2, E212) and combined injection (DI)
abolishes the wt-transcript. The combined injectbboth Morpholinos leads to the generation of two
shorter splice variants. Sequence analysis ofvtlbegenerated transcripts revealed a deletion of exo
2 and 3 and parts of exon 4 within the shortersieipt. Single injections were performed with a
morpholino concentration of 0.3 mmol. Double injens were performed with a morpholino
concentration 0.3 mmol and 0.6 mmol. D) Whole mdargitu hybridization for I-plastin to visualize
early leukocytes at 32 hpf. Small pictures on tbhtrside are zoom-in areas for the head and the ta
No difference in number and distribution between amd FAN knockdown embryos could be
detected.
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4.1.3 FAN propels leukocytes motility during woundesponse

To investigate the role of FAN in leukocyte motiliither FAN specific MOs or a control
MO was injected into one-cell stage embryos and tweund inflammatory response was
compared at 2 dpf. For further experiments, untgbsrwise indicated the PU1-Gal4-UAS-
GFP zebrafish line was used, that expresses Glulkocytes allowing their observation
vivo (Peri et al. 2008). 2 dpf embryos were injurechvaitcutting laser at the end of the tail fin
and the leukocytes that had reached the area tediday the dashed line (Fig. 6A) were
counted after 1.5 hours. The number of leukocy@s teached the wound 1.5 hours after
injury was significantly reduced in FAN-MO injectednbryos compared to control embryos.
On average only 1.9 + 0.32 leukocytes reached thend in FAN-MO injected embryos,
whereas 4.3 £ 0.39 and 4.7 + 0.22 leukocytes wewated in control and wild-type embryos,
respectively (Fig. 6B).

To reveal if the reduced number of leukocytes atsite of injury affects both, the recruitment
of macrophages and neutrophils, in a new set oéraxgnts the total number of leukocytes
labelled in the PU1-Gal4-UAS-GFP line was compatedthe number of neutrophils
responding to injury. To achieve this, neutropkisre visualized by sudan black staining in
PU1-Gal4-UAS-GFP transgenic fish. Again, the tetamber of leukocytes recruited to the
wounds was reduced in morphant embryos comparedriol embryos. In control embryos
on average 4.5 + 0.34 leukocytes reach the sitejurfy while in morphant embryos only 3 +
0.35 leukocytes reach the site of injury. The nundfeneutrophils in morphants was reduced
to 0.7 £ 0.17 compared to 1.6 + 0.34 in control grab (Fig. 6 C, D, E). To determine the
average number of macrophages the number of mpilsovas substracted from the total
number of leukocytes. This shows a recruitment 8f acrophages in control embryos
compared to 2.3 macrophages in morphant embryosuimmary the number of both,
macrophages and neutrophils, is reduced in FAN-M®rgos. However there is a stronger
reduction in neutrophil recruitment than in macragé recruitment (Fig 6 E, F), which is in
line with the observations made by Montfort et al.

In another set of experiments a double transgemc(PU1-Gal4-UAS-RFP; MPX-GFP) was
used to observe the number of leukocytes recruibethe wound. The total number of
leukocytes is marked by PU1-Gal4-UAS-RFP (Siegealetn press), while neutrophils are
marked with MPX-GFP (Renshaw et al. 2006). Alsdhiis experiments the number of both,
macrophages and neutrophils that were recruitédetovound was reduced in FAN morphant

embryos (Fig. 6 F).
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Figure 6: A) Tail fin of a zebrafish embryo before laseruiryj and wild-type, control and FAN-MO
injected embryo 1.5hours after laser injury. Theteviarrow indicates the position of injury. The
dashed line indicates the area in which leukocykm® counted after 1.5 hours. B) Statistical analys
of the number of leukocytes recruited to wt, conéiod morphant wounds. (wt n=19, ctrl n=20, MO
n=35; p value wt/MO < 0.001***, p value ctr/MO <@1 ***) C+D) Sudan Black Staining in Pul-
GAL4-UAS-GFP embryos. Embryos were injured withcalpel and fixed 2h after tail fin injury.
Green cells represent the total number of leukacttiat were recruited to the wound, neutrophils
were stained with sudan black (arrowheads). Thaathfine indicates the area in which leukocytes
were counted after 1.5 houlResults were expressed as mean + SEM. E) Statifiisdration of the
total number of leukocytes and the number of netite recruited to control and morphant wounds.
(ctrl n=16, MO=15; p value ctrl/MO (Pul) 8,005**, p value ctrl/MO (sudan black) < 0,03*) F)
Statistical illustration of the total number of kaeytes and the number of neutrophils recruited to
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control and morphant wounds in double transgenibrgas (PU1-Gal4-UAS-RFP; MPX-GFP) (Ctrl
n=5, MO n=5) p value ctrl/MO (PU1) < 0.001***, p kg ctrl/MO (MPX) < 0.001***)

4.1.4 FAN is required for the oriented migration ofleukocytes

The observed migration defect that results in feleekocytes reaching the side of injury
might be due to a slower movement of leukocyteterAhtively, FAN knockdown might lead
to a defect in the chemotactic migratory responsk therefore results in less leukocytes at
the site of injury. To further characterise the ihitgtdefect in FAN-MO injected embryos and
to determine if this is secondary to a reduced ciloof leukocytes or to a defect in
chemotactic migratory response, time-course séoie8 hours after injury were performed
and the movement of leukocytes was tracked usiragisnsoftware (Fig 7A). Speed analysis
of the leukocytes showed that the overall spedéwiocytes in FAN-MO-injected embryos
does not significantly differ from that in contrahd wild-type embryos (Fig. 7B). Thus, the
lower number of leukocytes that reaches the wotied &.5 hours (Fig. 6A, B) is not due to a

reduction of velocity.
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Figure 7: A) Cell tracking from fluorescence movies up todlts after injury at the tail fin from 2dpf

embryos treated with control or FAN morpholino. Ttiashed circle marks the site of injury B)
Statistical illustration of the speed of leukocytesruited to wounds in wt, control and morphant
embryos. (wt n=18, ctrl n=18, MO n=26; p value WBM 0.1 n.s) C) Statistical illustration of the
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straightness of leukocytes recruited to wounds tincentrol and morphant embryos. (wt n=18, ctrl
n=18, MO n=26; p value wt/MO < 0.001***, p valueglfO < 0.001***). Results were expressed as
mean + SEM.

Since the speed of leukocytes in FAN knockdown gdand siblings was comparable, the
movement of leukocytes was analysed in greateild&t@e number of leukocytes that move
toward the wound in control embryos is larger thhat in FAN-MO injected embryos.
Tracking of the leukocytes revealed that in con&nmlbryos leukocytes move straight toward
the wound and remain there after reaching it (FAy. and Fig. 8A, B). In contrast, in FAN-
MO injected embryos, leukocytes do not start diyetct move toward the wound, they extend
protrusions in every direction before they starinove toward the wound. Furthermore, they
do not move directly toward the site of injury, lbather move in another direction ending up
in a circular movement, never reaching the wound.(FA and Fig. 8C, D). In addition,
FAN-MO leukocytes that reach the wound often leiagain and some leukocytes stop on
their way to the wound, turn around and disappgaima which was never observed in control
embryos (Fig. 7A). To measure this movement of deykes towards the wound, the
straightness, which is the quotient of the totahpangth divided by the displacement (netto
length) of a tracked leukocyte, was calculated estigation of the straightness revealed a
significant difference between FAN-MO injected eyd® wild-type and control embryos
(Fig. 7C). In control and wild-type embryos theagihtness of leukocyte movement is 0.59 +
0.05 and 0.61+0.04 whereas in FAN MO-injected erobry is reduced to 0.27+ 0.04. This
reduction results in fewer number of leukocyteshat site of injury after 1.5 hours in FAN
knockdown embryos (Fig. 6A).

Notably, the morphology of migrating leukocytes HAN morphant embryos appears
different to that of control embryos. In control leryos leukocytes have the typical shape
with several pseudopodia at their leading edgeaaredracting part without pseudopodia (Fig.
9A). In FAN morphant embryos leukocytes often do Imave a clear leading edge and they
extend pseudopodia in all directions (Fig. 9B). yhetract these pseudopodia and then
extend new pseudopodia in other directions witmaving (Fig. 10). In addition, leukocytes
in FAN knockdown embryos have more pseudopodia ewetpto control embryos (74 per
leukocyte versus 33 in control embryos) and thedls ecnore frequently made the “wrong”
choice of pseudopodia (49.2%, versus 33.9% wromrgstun control embryos) (Fig. 9C).
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5

Figure 8: A) Overview of cell tracking of a wt embryo. The wéhcircle indicates the site of injury. B)
Detailed cell tracking of one leukocyte (red). Tleekocyte moves directly toward the wound and
reaches it after 24’. After reaching the woundtéys there and does not move away from it. C)
Overview of cell tracking of a FAN morphant embryidne white circle indicates the site of injury. D)
Detailed cell tracking of one leukocyte (blue). Taekocyte does not move directly toward the wound
but performs protrusions in every direction befstarting to move after 55'. After 70' the leukocyte
reaches the wound but directly starts to move aagayn.
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Figure 9: A) A typical shape of a control leukocyte. Leukazythave one clear leading edge and a
retracting part without pseudopodia. The blackariadicates the direction of move. White Arrows
indicate pseudopodia. B) A typical shape of morphamkocytes. Leukocytes extend pseudopodia in
all directions without having a clear leading edéerow indicates the direction of move. White
arrows indicate pseudopodia. C) Graphic illustrataf the proportion of “right” choices (green)
versus "wrong" choices (red) of pseudopodia madecdwtrol and wild-type versus morphant
leukocytes. (Number of leukocytes: wt n=10, ctrl& MO= 10; p value wt/MO<0.001***, p value
ctrl/MO < 0.001*** ). Results were expressed as mesSEM.
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\
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Figure 10: A) Time series of a wild-type leukocyte. The leudscstarts moving directly toward the
wound and extends protrusion only in the directmin motility. B) Time series of morphant

leukocytes. The leukocytes extend protrusionslidiegction and retract them again without moving.
Even 47.30 minutes after injury the leukocytes hantestarted to move toward the tail fin wound
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Taken together, the role of FAN in leukocyte motilivas described here for the first tinme
vivo. Leukocytes of FAN knockdown embryos do not moi@ver than their siblings in
wildtype embryos but have a reduced straightnessibe an abnormal shape with more
pseudopodia in the wrong direction and thus rehehsite of injury less efficiently. These
findings are in line with previous observations anltured FAN-deficient MEFs showing
altered cell polarity in a wound-scratch test updt treatment (Haubert et al. 2007).

4.1.5 FAN propels leukocytes motility during infecion response

To test if the difference in leukocyte migrationtissue or stimulus dependent, the otic
placode of 2 dpf embryos was infected with red rsgentE.coli and the numbers of
leukocytes reaching the site of infection was cednB0 min post infection (Fig. 11)
Statistical analysis demonstrated that in thisatid® model, the number of leukocytes that
reach the site of infection is significantly reddae FAN morphant leukocytes (Fig. 11 B, C).
In control and wild-type embryos on average 15.2h8&and 15 *+ 0.94 leukocytes reach the
site of infection whereas only 9 + 0.85 leukocyégpear in FAN morphant embryos. This
experiment provides evidence that the migratiorectedf leukocytes in morphant embryos is
not tissue or stimulus dependent and implies a rgénele for FAN in the chemotactic
migratory response.

In addition leukocytes in FAN morphant embryos sdenshow a decreased phagocytosis
rate. (Fig. 11 D, E). To reveal if there is less bactewptake in morphant embryos
colocalisation analysis was performed. Colocalsatnalysis revealed a colocalisation rate
for macrophages and bacteria of 0.13 £+ 0.04 in FAdphant embryos compared to 0.51 *

0.17 in control embryos.
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Figure 11: A) 3dpf zebrafish larvae. The black rectangle maHe optic tectum, which is shown in a
higher magnification on top. B) Fluorescent imagéshe optic tectum infected with dsRED labeled
E.coli in control and FAN morphant embryos 30 mewugfter infection. C) Statistical illustration of
the number of leukocytes recruited to wt, contmdl anorphant otic placodes after infection with red
fluorescentE.coli. (wt n=5, ctrl n=5, MO n=6; p value wt/MO < 0.0G3% value ctrl/MO < 0.01%).
Results were expressed as mean = SEM.

D) Fluorescent images of the optic tectum infeatéith dsRED labeled E.coli in control and FAN
morphant embryos 1.5 hours after infection. E)iStiaal illustration of colocalisation analysis of
leukocytes in control and morphant otic placodésrahfection with red fluoresce.coli.(Ctrl n=5,
MO n=5; p value ctrl/MO < 0.04*). Results were exgsed as mean + SEM.
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4.2 FAN has an impact on cell migration, proliferaton and matrix

degradation in melanoma cellsn vitro

4.2.1 FAN knockdown in B16 mouse melanoma cells

FAN is involved in TNF mediated actin reorganisatigiaubert et al. 2007) and leukocyte
recruitment (Montfort et al. 2009). FAN deficientB¥ cells exhibit a reduced migration after
TNF stimulation (unpublished data, Dirk Haubert).dddition it was revealed in this work
that FAN mediates navigational capacity of leukesytesponding to wounds and infection
in zebrafish embryosn vivo. These findings implicate a general role for FAN gell
migration. Another cellular process that requiree migration of cells is metastasis. The
motility of cancer cells, like normal cell motilitys driven by the reorganisation of the actin
cytoskeleton and of contacts between the cell &edntatrix, involving many of the same
proteins required for normal cell motility. To testhether FAN is also involved in the
migration of tumour cells and thus probably als@amcer cell metastasis two different B16
mouse melanoma cell lines were used. The B16 Fllsenmelanoma cell line, which was
gained from the tenth generation of mouse melanmetia (B16 FO mouse melanoma cells) is
a highly aggressive mouse melanoma cell line teatlkbps many metastasis. The B16 F1
mouse melanoma cell line was gained from the @esteration of mouse melanoma cells and
is therefore a less aggressive mouse melanombnezl|

To determine if FAN also has an impact on cancmaigration and therefore probably also
on metastasis of cancer cells, stable FAN knockrdowelanoma cell lines were generated.
For the knock-down of FAN the lentiviral system wased. First oligonucleotides for two
different shRNAs were synthesised as described eab(®.3). After annealing the
oligonucleotides were cloned in the vector pENTRISmDD-Stuffer. To test if the ShRNAs
are functional, two pENTR/siH1/mDD-Stuffer, eachabeg one of the two shRNAs were
transiently co-transfected with pEGFP-C3/FAN int&Kk293 FT cells. Co-transfection of
pPEGFP-C3/FAN was necessary because no functioniloaly to detect FAN exists. As a
control, pEGFP-C3 and untransfected HEK293FT ce#se used. Western blot analysis
revealed that FAN-EGFP is effectively down-reguagdter co-transfection with the shRNA
constructs while EGFP alone is not affected (FRA)L After having proved that the shRNAs
are functional, stable melanoma cell lines wereegmed. The FAN shRNA was recombined
into the pLenti6/VS5DEST-GFP by using directed attlR recombination and, virus was
produced. Therafter B16 F1 and B16 F10 melanoma w&re transduced with the virus and
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clones stably expressing the FAN shRNA stably irggl in their genome were selected by
fluorescence and blasticidin resistence. To tesichwitlones stably down-regulate FAN,
quantitative real-time PCR analysis was performBgdo clones that stably down-regulate
FAN in three independent experiments, each dongipticate, were chosen for further
experiments. For B16 F1 mouse melanoma cells, tarees, L6M5 and L6E3, were selected
which express reduced levels of FAN of about 60% 40% compared to wild-type FAN
expression (Fig. 12B). For B16 F10 mouse melanoetis,awo clones, L8M2 and L8E4,
were selected which express reduced levels of FA&bout 50% and 30% compared to wild

type FAN expression (Fig. 12C).
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Figure 12: A) Western Blot analysis to test the functionatfyFAN shRNA constructs. HEK 293 FT
cells were either untransfected, transiently tractsfd with pEGFP-C3 alone or co-transfected with
pEGFP-C3/FAN and one of the two pENTR/siH1l/FANshREd&nstructs. The GFP blot showes a
down-regulation of the pEGFP-FAN when co-transféctéth one of the shRNA constructs. B)
Quantitative real time PCR to measure the relab#dN expression in B16 F1 FAN knockdown
mouse melanoma cell lines. Two clones that staldwrdregulate FAN in three independent
experiments, each done in triplicate, were choserfurther experiments. C) Quantitative real time
PCR to measure the relative FAN expression in B16 FAN knockdown mouse melanoma cell
lines. Two clones that stably down-regulate FANthnee independent experiments, each done in
triplicate, were chosen for further experimentssuris were expressed as mean + SEM.
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4.2.2 FAN knock-down in B16 mouse melanoma cell s results in impaired

migration induction after TNF stimulation

To reveal whether FAN knockdown also has an immactcell migration in B16 mouse
melanoma cellsn vitro like it has in FAN morphant leukocytes in zebrafesmbryosn vivo,
cell migration assays were performed and the distdimat was covered by each cell line was
determined without and after TNF stimulation. WithoTNF stimulation there is no
difference in the path length between the diffecstltlines.

On average, B16 F1 scrambled, L6M5 and L6E3 celigate 12.47 0.39 mm, 12.69 0.45
mm and 14.% 0,38 mm in 10 hours, respectively. Migration of6BA1 scrambled cells could
be induced after TNF stimulation. B16 F1 scrambbails migrated 18.68& 0.68 mm
compared to 12.4F 0.39 mm without TNF stimulation. In contrast tastimigration of the
FAN knock-down cells was not inducible by TNF stiation. L6M5 cells migrated 14.4
0.41 mm after TNF stimulation compared to 123,39 mm without TNF stimulation (Fig
13 A). The slight increase in migration can be exmd by the fact that FAN expression is
only reduced to 60 % in this cell line which midig¢ enough for a minimal induction after
TNF stimulation. L6E3 cell migration was not indoiei by TNF stimulation, these cells
migrated 14.6& 0.38 mm compared to 14490.38 mm without TNF stimulation.

The same results could be observed for the Bl6nkdilse melanoma cell lines. Again, there
was no difference in the migrational behaviourha three cell lines without TNF stimulation.
The average distance of B16 F10 scrambled, L8M2L&&# was 11.6@& 0.38 mm, 11.5&
0.37 mm and 12.3% 0.36 mm, respectively. After TNF stimulation fd hours, the average
migration length of B16 F10 scrambled cells wasréased to 17.9% 0.38 mm. Cell
migration in the B16 F10 mouse melanoma knock-daeth lines was not inducible with
TNF. L8M2 cells displayed an average path length2#3+ 0.37 mm compared to 11.56
0.37 mm without TNF stimulation and L8E4 cells disgg@d an average path length of 13162
0.31 mm compared to 12.310.36 mm without TNF stimulation (Fig. 13 B). Thdsadings
are in line with the observations found in migvatiassays performed in MEF cells (Dirk
Haubert, unpublished data).
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Figure 13:. A) Migration in B16 F1 cell lines after TNF stitation. Migration was measured every
15 min for 10 hours at 37 °C. B16 F1 scrambledscslHow an induction of migration after TNF
stimulation. B16 F1 scrambled cells migrate 186868 mm compared to 12.470.39 mm without
TNF stimulation. B16 F1 knock-down cells (L6M5 abhBE3) show no induction of migration after
TNF stimulation. L6M5 cells migrate 14.400.41 mm compared to 12.890.45 mm without TNF
stimulation and L6E3 cells migrate 14.660.38 mm compared to 14.990.38 mm without TNF
stimulation. B) Migration in B16 F10 cell lines thout and after TNF stimulation. Migration was
measured every 15 min for 10 hours at 37 °C. B16 Bdrambled cells show an induction of
migration after TNF stimulation. B16 F10 scrambklls migrate 17.92 0.38 mm compared to
11.60+ 0.38 mm without TNF stimulation. B16 F10 knock-doeells (L8M2 and L8E4) show no
induction of migration after TNF stimulation. L8M2Ills migrate 12.73 0.37 mm compared to 11.56
+ 0.37 mm without TNF stimulation and L8E4 cells maig 13.62+ 0.31 mm compared to 12.31
0.36 mm without TNF stimulation. For the quantifioa 100 cells per cell line were analysed. Results
were expressed as mean + SEM.

4.2.3 The degradation of the extracellular matrix $ reduced in FAN knock-down

mouse melanoma cells

B16 melanoma FAN knock-down cell lines exhibit ampaired induction of migration after
TNF stimulation. For metastasis, cell migratioraisecessity and cancer cells lacking FAN
could be impaired in their ability to metastasistbg fact that cell migration is impaired in
these cells. Another necessary condition for masasis the ability of cancer cells to degrade
the extracellular matrix. If cancer cells are nolieato degrade the extracelluar matrix they are
not able to get into the blood stream and settlendm distinct environments to develop
metastasis. To test whether B16 mouse melanoms @edl impaired in matrix degradation
after FAN knock-down, degradation assays were ped. Cells were plated on cover slips
coated with red fluorescent gelatine, resulting ired fluorescent background and areas with
matrix degradation are recognised as black doldagk areas.

B16 F1 wild-type cells plated on a red fluorescleatkground exhibited black areas in the
background after 20 hours (Fig. 14 A), indicatihg tegradation of the extracellular matrix.
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B16 F1 scrambled cells also displayed these bleeksaFig. 14 B). L6M5 FAN knock-down
cells displayed much less matrix degradation corgpéw wild-type and scrambled cells (Fig
14 C) and the same is true for the L6E3 cells (E#yD). To quantify the extent of matrix
degradation in the different cell lines the peragetof black areas was determined for each
cell line by using Image J software. Quantificatremealed an extent of matrix degradation in
B16 F1 wt and B16 F1 scrambled cells of 1.4 %. &b cells only 0.9% of the extracellular
matrix was degraded and in L6E3 cells, the extérdegraded area was reduced to 0.3%
(Fig. 16 A). For B16 F10 cell lines plated on réagbfescent background similar results could
be observed. B16 F10 knock-down cell lines displagss matrix degradation than B16 F10
wild-type and B16 F10 scrambled cells (Fig. 15). Ba6 F10 wild-type and B16 F10
scrambled cells 2.0 % and 1.8 % of the extracelimatrix was degraded while in LBM2 cells
the percentage of degradation was reduced to Odndbein L8E4 cells only 0.3 % of the
extracellular matrix was degraded (Fig. 16 B). Tdi#erences in the extent of matrix
degradation between the two knock-down cell lisedue to the fact that in L6M5 and L8M2
cells FAN expression is only reduced to 60 % and®®0f wild-type amount, respectively,
while in L6E3 and L8E4 cells FAN expression is reglito 40 % and 30 %, respectively.

In summary, B16 mouse melanoma cell lines showesztlaced induction of migration after
TNF stimulation and they also degraded less exXttdaematrix compared to their wild-type
and scrambled counterparts.

Because FAN knock-down B16 mouse melanoma cellplajisd a reduced migrational
behaviour and reduced matrix degradation the rteptwas to examine the behaviour of B16

mouse melanoma cell lin@svivo.
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Figure 14: Degradation assay of B16 F1 mouse melanoma cetigtdded matrix is visible as black
areas in the red fluorescent background. greeradtdtiin, red = Alexa594-gelatine
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Phalloidin
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Figure 15: Degradation assay of B16 F10 mouse melanoma &algraded matrix is visible as black
areas in the red fluorescent background. greeradtddiin, red = Alexa594-gelatine
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Figure 16: A) Quantification of the matrix degradation in BEG mouse melanoma cell lines. In B16
F1 wt and B16 F1 scrambled cells 1.4 % of the erlhalar matrix is degraded while in L6M5 and
L6E3 cells the percentage of degradation is redtm@d9% and 0.3 %, respectively B) Quantification
of the matrix degradation in B16 F10 mouse melanoeiidines. In B16 F10 wild-type and B16 F10
scrambled cells 2.0 % and 1.8 % of the extracellmiatrix is degraded while in LBM2 and L8E4 cells
the percentage of degradation is reduced to 0.8@®&8 %, respectively. (n=200 per cell line; pueal
F1 wt/F1 L6M5=0.01; p value F1wt/F1 L6E3 < 0.00glue F10 wt/F10 L8M2 < 0.001; F10 wt/F10
L8E4 p < 0.001) Results were expressed as mearMt SE

4.2.4 Mice injected with B16 mouse melanoma FAN kr&-down cells display

reduced tumour growth and metastasis

FAN knock-down B16 mouse melanoma cells displagduced migrational behaviour and
reduced matrix degradatian vitro. To test the metastatic behaviour of these callgvo
mice were chosen as a model organism. For thisogerB16 mouse melanoma cells were
implanted subcutaneously into wild-type mice (C57BLand the survival rate of these mice
was determined. Mice implanted with B16 F1 wt cedls died within 24 days after
implantation while 50 % of the mice that have berplanted with the B16 F1 knock-down
cells (L6E3) were still alive at day 24. Mice imptad with B16 F10 wt cells all died within
27 days after implantation. At this time point 400%the mice that have been implanted with
the B16 F10 knock-down cells (L8E4) were still alivTaken together, mice that had
implanted the B16 mouse melanoma FAN knock-dowhliceds exhibited a higher survival
rate (Fig. 17). In the next step, the tumour growtls observed by measuring the tumour
diameter until day 24 after cell implantation. Famth, B16 F1 and B16 F10 cell lines, the
tumours in mice implanted with the knock-down deles were detectable later than the
tumours of the corresponding wild-type cell linesdathey display smaller diameters

(unpublished data, Nikola Baschuk).
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Figure 17: Survival of wild-type mice after subcutanous (siojgction with B16 mouse melanoma
cells. Wild-type mice injected with B16 F1 wt and@®F10 wt cells died earlier than mice injected
with the corresponding knock-down (KN) cell lin¢B16 F1 wt n=8, B16 F1 KN n=7, B16 F10 wt
n=8, B16 F10 KN n=9)(Injection of cells and furtlaralysis was done by Nikola Baschuk).

To determine whether the reduced diameter of tuméwam B16 mouse melanoma FAN
knock-down cells was due to a reduced proliferatiate in these cells, proliferation assays
were performed. TCcells per cell line were seeded on 6 well plates the number of viable
cells after 24 hours, 48 hours and 72 hours wasrmd@ted. As expected, the FAN knock-
down cell lines of both, B16 F1 and B16 F10 mousd#amoma cells exhibited a reduced
proliferation rate (Fig. 18). After 24 hours thevas only a slight difference in the number of
viable cells between wild-type/scrambled and kndoiwn cells, but after 72 hours the
number of viable cells was significantly lower metFAN knock-down cell lines. On average
there were 2.5 Mio B16 F1 wild-type cells and ohly Mio B16 F1 L6M5 and B16 F1 L6E3
cells. In the B16 F10 cell lines on average theeeew8.5 Mio viable wild-type cells after 72
hours and only 2.3 Mio B16 F10 L8M2 and 2.7 Mio BAB) L8EA4 cells (Fig. 18).
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Figure 18: A) Proliferation assay of B16 F1 mouse melanomalcels. FAN knockdown cell lines
(black lines) proliferate more slowly compared tb6B-1 wt and B16 F1 scrambled cells (grey lines).
B) Proliferation assay of B16 F10 mouse melanontidices. FAN knockdown cell lines (black lines)
proliferate more slowly compared to B16 F10 wt &ié F10 scrambled cells (grey lines).

To test whether B16 mouse melanoma cells lackindN Flso display a reduction of
metastasisn vivo in addition to reduced tumour growth, differenttBhouse melanoma cell
lines were injected in the tail vein of wild-typeiam. The lungs of injected mice were
dissected 19 days after injection to see if mesastaad developed (Fig 19). Mice injected
with B16 F1 wild-type cells exhibited some metastas the lungs after 19 days while in
mice injected with B16 F1 FAN knock-down cells nstéesis could never be detected. B16
F10 wild-type cells produced more metastasis indhgs compared to B16 F1 wt cells. This
was expected because the B16 F10 cells are much aggressive than the B16 F1 wt cells
which is a less aggressive cancer cell line. Needgss, even these highly aggressive B16

F10 mouse melanoma cells did not form metastase#AN is down-regulated (Fig. 19)
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Figure 19: Dissected lungs of mice injected with the differeall lines. B16 F1 wt and B16 F10 wt
cells form metastasis in the lungs while mice itgdcwith the knock-down cell lines do not exhibit
any metastasis in the lungs (n=6/cell line) (Infactof cells and statistical analysis were done by

Nikola Baschuk).
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5. Discussion

Accumulating evidence suggests that FAN might elired in the motility of cells (Haubert
et al. 2007; Montfort et al. 2009). It was recenmtyported that FAN links the TNF receptor |
to the actin cytoskeleton and is essentially inedhin filopodia formation in MEF cells
(Haubert et al. 2007). Furthermore, recruitmenn@ditrophils into the peritoneal cavity was
reduced by more than 50 % in FAN-deficient mice (Mort et al. 2009). Although these
findings suggest a role for FAN in cell motilityprimal proof was missing. The use of a
transgenic zebrafish line with fluorescently-tagdedkocytes and the translucency of the
embryos have now allowed to demonstiateivo the essential role of FAN in the navigation
of leukocytes towards chemotactic cues emanatirggn frtissue-damage or infection.
Furthermore, zebrafish larvae provide an ideal atime model of the human wound
migratory cell response, because only 20 to 30deytles are drawn to a wound, which can
be tracked individually by live imaging with fin@atial and temporal precision.

In this work, a single FAN homolog in the zebrafggmome, located on chromosome 7, was
identified, which encodes for a protein with 911limonacids and is expressed throughout all
analysed stages of development until day 6. Segueotnparison between mouse and
zebrafish FAN revealed a total homology of 70% andonsensus homology of 78.5%,
suggesting an evolutionary conserved role in callptocesses. FAN was successfully down-
regulated by morpholinos injected into zebrafishbgras at the one- to two-cell stage. One
important observation indicated that upon injurytheg tail fin the number of leukocytes that
assemble at the site of injury was markedly redundgAN-MO injected embryos compared
to wild-type or control embryos left untreated. dkig of individual leukocytes revealed that
fewer leukocytes arrive at the site of injury. Thias due to an impaired directionality of
leukocytes in FAN-morphants. The average speedeherywas not affected.

The rapid recruitment of macrophages and neutrspisilessential to coordinate wound
closure. Recently, Niethammer and co-workers regotthat a gradient of hydrogen peroxide
is an initial chemoattractant generated by a wodrtd# fin in zebrafish larvae (Niethammer
et al. 2009). In fact, a myriad of signalling malkxs originate from a wound such as
chemokines that attract leukocytes to a wound bltgably TNF is released upon injury or

infection and leukocytes start to move towardssitee of TNF (Sieger et al. 2009), suggesting
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that FAN action in chemotactic responses is trigdeby TNF. This is consistent with
previous observation that FAN-deficient murine eyolmic fibroblasts (MEFs) display an
impaired Golgi apparatus reorientation in a scratokind test (Haubert et al. 2007). This
reorientation of the Golgi apparatus is indepenagrnthemokines suggesting that impaired
TNF/FAN signalling is responsible for this defeENF is known to have a major function in
the initiation and amplification of the inflammayoresponse by inducing the expression of
chemotactic cytokines (chemokines) that are resplendor the migration of several immune
cells such as macrophages (Torrente et al. 20@®ause of its chemokine inducing capacity
TNF has been sensed as an indirect activator ahotaxis rather than itself being a direct
activator of oriented migration. In lieu of any éence FAN binds to any known chemokine
receptor, the results of this work suggest that MdFFAN is directly involved in ordered

migratory responses.

To deal with the question how FAN might regulate ttavigational capacity of leukocytes it
is instructive to consider the morphological featuof the cellular chemotactic response.
Directional cues induce pseudopodia oriented tosvéind gradient, which includes selective
retraction, oriented extension and suppressiordefovo pseudopodia formation (Van
Haastert 2010). To move in the direction of a grati leukocytes must form many
pseudopodia at the site of the cell that is fatireggradient. In this respect, it is important to
note that leukocytes from FAN-deficient embryostprde pseudopodia in all directions
instead of having one clear leading edge. LeukasciyteFAN-deficient zebrafish embryos
more often form pseudopodia at the “wrong” locatiesulting in a loss of directionality. In
addition, leukocytes from FAN-MO injected embryodibit a delayed movement towards
the wound, which is probably also caused by mudiikl protrusions observed before they

begin to move.

As to the molecular mechanisms regulating chemstagiudies inDictyostelium have
implicated many signalling pathways including théogphoinositide 3-kinase (PI3K)
pathway activating AKT, the TorC2 pathway activgtiRKB1, a soluble guanylyl cyclase
(sGC) that is activated at the leading edge andiymes cGMP, and PLA2 that has an
unknown mechanism (Bosgraaf et al. 2009b; Bosgral. 2009a). FAN signalling pathways
may regulate pseudopodia formation in several walgs.observed defect in cell polarization
and initiation of directed movement suggests proBlén the cytoskeletal reorganization upon
gradient sensing. The Rho family of small GTPasdsiown to play a central role in gradient
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sensing and cell polarization. Inhibition of theahGTPase Cdc42 by overexpression of
dominant-negative mutants in neutrophils producelts dhat have an irregular front and
frequently form multiple leading edges. Cells withpaired Cdc42 signalling are unable to
perform chemotaxis, even though cell motility appeatact, which suggests that Cdc42 is
required for gradient sensing (reviewed by Chaaest Flirtel 2007). Indeed, FAN mediates
the TNF-induced modulation of the actin cytoskatetbrough Cdc42 and VASP, which
promotes F-actin bundling required for plasma memérprotrusions (Haubert et al. 2007).
The loss of directionality in FAN knock-down leukaes is assumed to be due to impaired
Cdc42 signalling. Cdc42 mediates filopodia formathmut it also influences Rac signalling,
through PAK1 activation, which in turn mediates &lipodia formation (Nobes and Hall
1995; Nobes and Hall 1999). The formation of laipellia itself is not disturbed in FAN
morphant embryos but in contrast to wild-type erobrihey protrude lamellipodia in every
direction instead of having one clear leading ed@his could be due to impaired
reorganisation of the golgi apparatus which is aedi by Cdc42 or because the Cdc42
signalling to Rac is disturbed. Furthermore, Cdaeh2diates filopodia formation. FAN
deficient MEF cells display reduced filopodia fotioa (Haubert et al. 2007). Filopodia are
not directly involved in migration, they are struiets for environment sensing. The reduction
of filopodia formation in FAN deficient MEF cellsoald result in a loss of the sensing
capacity of these cells and this could lead tddke of directionality. This is in line with the
knock-down results of the Cdc42 effector moleculASW®. Cvejic et al. could show that
WASP knockdown macrophages have a reduced cheneotadex resulting in a reduced
number of macrophages reaching the site of injGsefic et al. 2008).

Interestingly, FAN mediates the activation of nalsphingomyelinase (nSMase) by TNF
(Adam-Klages et al. 1996; Adam et al. 1996), whiels been recently shown to involve the
polycomb group protein EED (Philipp et al. 20105Mase is a type C phospholipase like
phospholipase PLA2 that plays a crucial role foeysopodia splitting and directional
migration in Dictyostelium (Bosgraaf et al. 2009b; Bosgraaf et al. 2009asTlit will be
interesting to investigate whether FAN regulates ttavigational capacity of leukocytes
through neutral sphingomyelinase.

It is important to note that similar navigationafects could be observed after infection of the
otic placode with red fluorescehtcoli. The reaction of FAN-deficient leukocytes to infecti
was impaired so that they could not move direabyard the site of infection. Moreover
FAN-deficient leukocytes seemed to loose their mdagon. Similar defective migratory
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phenotypes of leukocytes in two different tissuéth wvo different stimuli suggest that FAN
plays a general role in chemotaxis.

In addition to the migratory defect of leukocytesHAN morphant embryos it was revealed
that leukocytes from FAN morphant embryos exhibieduced bacterial uptake compared to
wild-type embryos and therefore pathogen clearaeesns to be disturbed in FAN morphant
zebrafish embryos. Montfort et al. reported thatéhis no increased susceptibility to different
microorganisms including bacteria and pathogengcatichg that FAN is not essential for
pathogen clearance. These finding are no cavaaeténdings that bacterial uptake in FAN-
deficient zebrafish embryos is reduced. To revieilis reduction in bacterial uptake leads to
a increased susceptibility to pathogens long-tebseovations up to several days instead of
only 1.5 hours in zebrafish embryos infected witfish pathogen are necessary. But even if
this observation would reveal that zebrafish embrgee more susceptible to pathogens this
could be explained by the fact that Montfort etusled adult mice for infection studies. Adult
mice have an innate and an adaptive immune systatia &/dpf zebrafish embryos only have
an innate immune system. It was reported that cor@ance with the important role of TNF
as a mediator of the innate immune system, an megalefence against certain intracellular
pathogens was observed in TNF-RI and TNF-deficiante, whereas parameters of the
adaptive immune system like CDB-cell cytotoxicity, mixed lymphocyte responsec@H-
independent B-cell response and most parameter3-céll-dependent B-cell response
remained grossly normal (Marino et al. 1997; Wajainal. 2003). It is likely that possible
defects in the innate immune system in adult FANdkrout mice can be compensated by the
action of the adaptive immune system resulting moamal immune response while defects in
zebrafish embryos at day two can not be compen$stdide adaptive immune system as this

develops in week 2-3 post fertilisation.

FAN has an impact on actin reorganisation and FA&Rcency leads to a defective leukocyte
recruitment to wounds and sites of infectionvivo. Another process that requires the
reorganisation of the actin cytoskeleton and cegration is tumour growth and metastasis.
To examine whether FAN has also an impact on theseesses, stable B16 F1 and B16 F10
mouse melanoma knock-down cell lines were gener®edormance of migration assays
revealed that the migration of B16 mouse melanoiid knock-down cells is not inducible

by TNF stimulation, which is a further hint for tlgeneral involvement of FAN in cell

migration.
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Tumour cell implantation of both, B16 mouse melaaowild-type and FAN knock-down
cells, in the neck of wild-type mice revealed aheigsurvival rate of mice injected with the
B16 mouse melanoma FAN knock-down cell lines. Iditoh, a reduction in tumour
diameter in mice injected with B16 mouse melanomdN Fknock-down cells could be
observed (unpublished data, Nikola Baschuk). Tlieiced diameter of tumours from FAN
knock-down cell lines led to the hypothesis thatNFRnock-down cells display a reduced
proliferation rate. Performance of proliferatiorsags revealed that FAN knock-down cells
indeed display a reduced proliferation rate whcklue to a reduced mitosis rate because the
viability of FAN knock-down cells was not reducdticould be observed that FAN deficient
cells display less mitotic spindle formation (unpsitted data, Catharina Carstens). It has been
reported that Cdc42 and Par6/aPKC regulate thatatien of the mitotic spindle to promote
symmetric cell divisions in epithelial monolayeidaife et al. 2008). Cdc42 regulates the
formation of the central lumen in epithelial morgeaesis. A Cdc42-specific guanine
nucleotide exchange factor (GEF), Intersectin ZS{R), was identified, which localises to
the centrosomes and regulates Cdc42 activatiomglepithelial morphogenesis. Silencing of
either Cdc42 or ITSN2 disrupts the correct orieatatof the mitotic spindle and normal
lumen formation (Rodriguez-Fraticelli et al. 2018 FAN signals upstream of Cdc42 it is
possible that the missing activation of Cdc42 tigto&AN is also responsible for the reduced

proliferation rate in FAN knock-down cells.

Two types of actin-rich adhesions, podosomes amddopodia establish contact to the
substratum and are also involved in the degradatibrthe extracellular matrix. While
podosomes are formed by monocytes, endotheliasarabth muscle cells, invadopodia have
mostly been observed in carcinoma cells. Matrixrdegtion localised at podosomes and
invadopodia is thought to contribute to physioladjicprocesses, such as monocyte
extravasation and tissue transmigration, but alsopathological conditions as cancer
metastasis (Linder 2007). Matrix-degrading metathbpases (MMPs) as well as FAN-GFP
localised to invadopodia in B16 mouse melanomascélicould be observed that B16 mouse
melanoma FAN knock-down cell lines form less inyaoldia compared to their wild-type
counterparts (unpublished data, Catharina Carstddsyradation assays of B16 mouse
melanoma cells revealed that matrix degradatioredsiced in B16 mouse melanoma FAN
knock-down cell lines according to the extent ofNFAown-regulation. An activity assay of
MMPs revealed that in B16 mouse melanoma FAN kramkn cell lines the activity of
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metalloproteases is reduced and western blot asaligplayed a reduced expression of MT1-
MMP in B16 mouse melanoma FAN knock-down cell lifespublished data, Catharina
Carstens). It was previously reported that thevatitn of Cdc42 increases the cell surface
localisation of MT1-MMP and activation of MMP2. Bddition MMP2 and MT1-MMP are

specifically up-regulated in response to reorgditisaof the actin cytoskeleton and Cdc42
activation (Ispanovic et al. 2008). As FAN is adily involved in the TNF-induced

activation of Cdc42 (Haubert et al. 2007), it ikely that FAN deficiency also leads to a
decrease in matrix-degradation via reduced MMPvatitin. To this end, the reduced
metastasis observed after tail vein injection 06 Bdouse melanoma FAN knock-down cells
can be explained by the reduced matrix degradati@hin addition to the migratory defect

displayed by these cells.

In summary, FAN signals upstream of Cdc42. Thevaton of Cdc42 through FAN
signalling is necessary for many essential proces# require the reorganisation of the actin
cytoskeleton like migration, proliferation and nwatdegradation. For this purpose it will be

interesting to define the molecular mechanismsaf42 activation through FAN signalling.
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