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PKD has also been implicated in the regulation of cell-to-cell adhesion, possibly by the
phosphorylation of E-Cadherin itself. As shown in this work, PKD isoforms and kinase-dead
mutants influenced Ca2+-dependent cellular adhesion in Panc89 cells in a diverse fashion.
PKD2KD and, to lesser extent, PKD1KD, strongly enhanced cell-to-cell adhesion of stable
Panc89 cells, whereas E-Cadherin expression in the respective parental cell lines was
reduced. At least in the case of PKD2KD cells, aggregation was only partially dependent on
E-Cadherin, pointing to the expression of additional Cadherin isoforms. PKD1 also increased
cell-to-cell adhesion, yet if this effect is mediated via a phosphorylation of E-Cadherin,
remains to be analysed. In the PKD2 expressing cell line, aggregation was very weak, in
some assays even resembling the vector control. This phenotype was correlated with
processed E-Cadherin fragments in the supernatant of PKD2 expressing cells, which have
been implicated in the literature in the inhibition of cell-to-cell adhesion of cancer cell lines,
thereby also increasing their invasive potential. Initial results demonstrated that the E-
Cadherin fragments from the supernatant of stable PKD2 expressing Panc89 cells were not
processed by matrix metalloproteases, but rather by a serine-protease, possibly Plasmin or
cationic Trypsin. How the PKD2 isoform is implicated in this process remains to be
investigated further. Yet, these findings are in line with data obtained from expression
profiling experiments with the respective stable Panc89 cells, indicating that the PLAUR gene
(urokinase-like Plasminogen-activator-receptor) is strongly up-regulated in PKD2 expressing
cells, triggering the activation of the uPA-Plasminogen-Plasmin-cascade, which has been
demonstrated to be involved in the processing of E-Cadherin. The cluster analysis of the
expression profiling experiments, using the stable Panc89 cell lines expressing wildtype and
kinase-dead PKD1 and 2 variants, also revealed genes generally regulated via PKD kinase
activity, independent of the isoform, as well as PKD1/PKD2-specific, differentially regulated
genes. An initial cross-referencing with literature data showed interesting candidates, like
PLAUR, or SPP1 (Secreted phosphoprotein 1), which is correlated with cancer progression
and enhanced cell migration in breast cancer cell lines. These initial results have to be
reproduced and verified through independent experimental approaches. Taken together,
PKD isoforms seem to be involved in the regulation of cancer related genes, some of which
might even be linked to the biological effects characterised during the analysis of PKD
function in this work.
During the course of this work novel aspects concerning the role of PKD in cell migration and
cellular adhesion of cancer cells were revealed. The localisation of PKD at the F-Actin
cytoskeleton and its in vitro binding to F-Actin implicate possible functions for the PKD
protein family in the regulation of F-Actin dynamics and remodelling processes, which might
influence cell adhesion and motility.
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2000) as well as in motile immature dendritic cells. There, Kidins220 is localised to a raft
compartment on the poles or membrane protrusions at the leading edge. Immature dendritic
cells migrate onto an extracellular matrix changing their shape cyclically from a highly
polarised morphology to a symmetrical shape (Riol-Blanco et al., 2004) supporting a role for
PKD1 in cytoskeletal reorganisation and cell shape modulation. Locomoting cells exhibit a
constant retrograde flow of membrane proteins from the leading edge of the lamellipodia
backwards, which when coupled to substrate adhesion might drive forward movement of the
cell. Prigozhina et al. reported that a kinase-dead, dominant-negative mutant of PKD1
specifically blocks budding of secretory vesicles from the TGN to the plasma membrane in
NIH3T3 fibroblasts thereby inhibiting cell motility and retrograde flow of surface markers as
wells as filamentous Actin. Inhibition of PKD elsewhere in the cell neither blocked
anterograde membrane transport nor cell motile functions (Prigozhina et al., 2004). Jaggi et
al. reported that phosphorylation of the transmembrane glycoprotein E-Cadherin, which plays
a critical role in cell-to-cell adhesion is associated with altered cellular aggregation and
motility of prostate cancer cells. Jaggi and colleagues demonstrated a colocalisation of PKD
and E-Cadherin at cell junctions in LNCaP prostate cancer cells as well as a
coimmunoprecipitation of both proteins from lysates. PKD phosphorylated E-Cadherin in vitro
and inhibition of PKD1 activity using the Gö6976 inhibitor in LNCaP cell resulted in
decreased cellular aggregation, whereas overexpression of PKD1 in C4-2 prostate cancer
cells increased cellular aggregation and decreased cellular motility (Jaggi et al., 2005).
Taken together PKD seems to play important roles in cell shape modulation and motility,
nevertheless its exact function and interaction partners need to be investigated further. There
were also differences in the effects of PKD1 on cell motility with Prigozhina et al. reporting
PKD1KD having an inhibitory effect on cell migration in fibroblasts while Jaggi et al. show
active PKD1 to inhibit cell motility in C4-2 prostate cancer cells. Whether these differences
represent cell type-dependent effects, or are dependent on the assays used to quantify cell
motility e.g. random 2D cell motility in the case of Prigozhina et al. versus cell migration
through Transwell filters, i.e. in a 3D space, is an important question that needs to be
answered.

3.2 Cell motility and dynamic regulation of the Actin cytoskeleton

The dynamic regulation of the Actin cytoskeleton plays a vital role in a variety of cellular
events like adhesion, division, spreading and motility (Mitchison and Cramer, 1996). Cell
migration is a highly regulated multistep process orchestrating morphogenesis, tissue
regeneration and disease progression e.g. mental retardation, artherosclerosis, and tumour
metastasis. Dynamic Actin is important in remodelling of the plasma membrane, e.g.
lamellipodia. These are thin, sheet-like protrusive structures at the leading edge of migrating
cells and consist of a lattice-like meshwork of Actin filaments. Membrane ruffles are closely
related structures, which form on the dorsal surface of cells when nonadherent lamellipodia
fold back over the dorsal surface. In contrast, filopodia are thin, cylindrical projections
consisting of cross-linked, bundled Actin filaments. The formation of these structures at the
leading edge of cells together with the coordinated retraction of the tail-end are fundamental
to cell motility (Lauffenburger and Horwitz, 1996; Ridley, 2001; Daly, 2004). A migrating cell
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3.2.2 Regulation of Actin polymerisation in cortical Actin networks

Transmission of extracellular signals to the Actin cytoskeleton is directed by small GTPases
of the Rho family, as well as by a variety of Actin-binding proteins (Ayscough, 1998; Hall,
1998). The small GTPases Cdc42 and Rac govern vital steps in the formation and
organisation of cortical Actin networks in mammalian cells (Weed et al., 2000). Treatment of
cells with agents that increase GTP-bound Cdc42 stimulate filopodia formation (Kozma et al.,
1995), whereas activation of Rac induces membrane ruffles and lamellipodia formation
(Ridley et al., 1992). Both, EGF stimulation (Chan et al., 1998) or activated Rac (Machesky
and Hall, 1997) induce the formation of cortical Actin networks and require de novo formation
of Actin filaments, indicating that Cdc42 and Rac are important factors in the integration of
signals resulting in Actin polymerisation. In addition, the activation of Rac is closely coupled
to activation of Cdc42 (Nobes and Hall, 1995). This allows the coordinated formation of
filopodia and lamellipodia, often noticed jointly at the leading edge of motile cells
(Rinnerthaler et al., 1988). Cortical Actin polymerisation initiated by Cdc42 and Rac requires
the presence of members of the Wiskott-Aldrich syndrome protein (WASp) superfamily (Bi
and Zigmond, 1999). Binding of activated Cdc42 to N-WASp induces filopodia (Miki et al.,
1998a), whereas Rac-induced membrane ruffling utilises the structurally related
Scar1/WAVE (Machesky and Insall, 1998; Miki et al., 1998b).
Since formation of new Actin filaments from pure Actin monomers is unfavourable, cells need
a molecular apparatus to drive de novo Actin nucleation. This function is provided by the
Arp2/3 complex.

3.2.3 The Arp2/3 complex

The Arp2/3 complexes consist of seven subunits, the two Actin-related proteins Arp2, Arp3
and five other proteins designated p40-, p35-, p19-, p18-, and p14-Arc (ARPC1–5)
(Machesky and Gould, 1999). It is abundant (Kelleher et al., 1995), essential (Schwob et al.,
1992) and conserved (Welch et al., 1997) across eukaryotic phyla. In isolation the Arp2/3
complex has very low Actin-nucleating activity, yet this can be enhanced by binding of
specific nucleation promoting factors (NPFs). In vitro the Arp2/3 complex also attaches the
slowly growing pointed end of pre-existing Actin filaments to the side of other filaments
creating characteristically 70° branched Actin networks, a process termed “dendritic
nucleation” model of cortical Actin assembly (Mullins et al., 1998). This coupling between
nucleation and branching defines the morphology of the leading edge in cells. As predicted
by the model, the Arp2/3 complex locates to branch points of Actin networks in lamellipodia
(Svitkina and Borisy, 1999), and is localised to sites of dynamic Actin assembly and motility
in living cells (Schafer et al., 1998).

3.2.4 Integration of signals to the Arp2/3 complex

External stimuli driving the assembly of cortical Actin networks act via extracellular receptors
and multiple connected signalling pathways, several of which converge on WASp/Scar family
proteins to the Arp2/3 complex, acting as NPFs. The WASp proteins integrate a number of
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diverse signals, including those transmitted by the Rho family GTPases, Rac and Cdc42
(Machesky et al., 1999). The Wiskott-Aldrich protein family in mammals is comprised of 5
members: WASp is the protein defective in the Wiskott-Aldrich syndrome, a human X-linked
genetic disorder with deficiencies in the Actin cytoskeleton of platelets and leukocytes (Ochs,
1998). N-WASp (neural-WASp) exhibits a much broader expression pattern with expression
in the brain and many other tissues and finally Scar/WAVE 1-3 (Suetsugu et al., 1999).
WASp/Scar proteins share similar molecular features like C-terminal WH2 (WASp homology
domain 2, W) motifs, a central proline-rich region (C) followed by an acidic domain (A), but
differ in the N-terminal third of the protein. The WH2 domain, originally discovered in
Verprolin (Vaduva et al., 1997), binds monomeric Actin and is found in many proteins that
regulate Actin (Paunola et al., 2002). The C and A sequences of WASp proteins bind to and
activate the Arp2/3 complex. Both, the WH2- and the CA-terminal module are required for
efficient activation of the Arp2/3 complex and together they are sufficient (Pollard et al., 2000;
Machesky et al., 1998, 1999). This minimal C-terminal activation module is henceforth
termed WCA-domain in this work. The N-termini of WASp-family proteins are more divergent
among family members, but each possesses a proline-rich stretch (P) adjacent to the WCA
domain that acts as a binding site for various SH3 domain containing proteins, like Nck and
Grb2. Nck and Grb2 possess Src homology 2 (SH2) domains that associate directly with
activated tyrosine kinase receptors by binding to specific phosphotyrosine containing motifs
(Buday et al.,1999), thereby providing a link between ligand engagement of tyrosine kinase
receptors and activation of Arp2/3-mediated Actin assembly. WASp and N-WASp, but not the
Scars, possess a Cdc42 and Rac interactive binding domain (CRIB, GTPase binding
domain, GB) (Higgs et al., 2000, Rohatgi et al., 2000). They also posses N-terminal WH1
domains, which are folded like PH domains and are involved in binding of proline-rich
domains (Fedorov et al., 1999; Prehoda et al., 1999). Adjacent to the GB domain, WASp and
N-WASp have a basic stretch of amino acids (B) which is bound by the phospholipid PIP2

(Prehoda et al., 2000), resulting in a potentiation of WASp activation. When not activated, N-
WASp and WASp exist in an autoinhibited state, in which the C-domain interacts with the GB
domain (Miki et al., 1998a, Kim et al., 2000). When in the autoinhibited conformation, WASp
and N-WASp are unable to induce activation of the Arp2/3 complex, since the WCA domain
cannot interact fully with the Arp2/3 complex (Panchal et al., 2003). Binding of activator
proteins to proline-rich sequences or of GTP-Cdc42 to the GB domain (Aspenstrom et al.,
1996) destabilises the autoinhibitory conformation, allowing full binding of the WCA domain
to Arp2/3 (Kim et al., 2000, Rohatgi et al., 2001). The Scar proteins do not possess a GB
domain and do not form an autoinhibited state (Machesky et al., 1998).
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3.2.5 The cortical Actin-binding protein Cortactin

Apart from the Arp2/3 complex, several other Actin-binding proteins are selectively recruited
to cortical Actin structures upon activation of Cdc42 or Rac (Kobayashi et al., 1998; Mishima
and Nishida, 1999; Kessels et al., 2000), such as the Src kinase substrate and PKD1
interaction partner Cortactin (Wu et al., 1991; Bowden et al., 1999), which is enriched within
lamellipodia (Wu and Parsons, 1993). The localisation of Cortactin in membrane ruffles and
lamellipodia is controlled by activation of Rac (Weed et al., 1998). Cortactin possesses a
multidomain structure consisting of an acidic domain at the amino-terminus (NTA), followed
by 6½ 37–amino acid tandem repeats, a helical region (H), a proline-rich segment (P), and a
SH3 domain located at the carboxyl-terminus (Wu et al., 1991). Direct binding to F-Actin is
mediated via sequences within the tandem repeat region (Wu and Parsons, 1993), with the
fourth repeat being indispensable for binding (Weed et al., 2000), while a DDW motif in the
NTA region mediates binding to the Arp2/3 complex (Uruno et al., 2001). The SH3 domain
interacts with several postsynaptic density (PDZ) domain–containing proteins like ZO-1, a
protein involved in the organisation of transmembrane protein complexes in tight junction
(Katsube at al., 1998), CortBP1 (Du et al., 1998), SHANK3 (Naisbitt et al., 1999) and an
unrelated protein CBP-90 (Ohoka and Takai, 1998). Cortactin function and activity is
regulated by protein interactions, as shown for the WASP-interacting protein WIP (Kinley et
al., 2003), which enhances the NPF activity, and by phosphorylation (Daly, 2004). Tyrosine
phosphorylation of Cortactin is observed in response to multiple cellular events, including v-
Src transformation (Wu et al., 1991), growth factor treatment (Maa et al., 1992; Zhan et al.,
1993), bacterial invasion (Dehio et al., 1995; Fawaz et al., 1997), osmotic stress (Kapus et
al., 1999), and Integrin or Syndecan-3 ligation with the extracellular matrix (Vuori and
Ruoslahti, 1995; Kinnunen et al., 1998). The ability of Cortactin to promote migration of
human endothelial cells is dependent on Src-mediated tyrosine phosphorylation (Huang et
al., 1998). Cortactin was shown to reduce the time to reach a steady state of Actin
polymerisation and also to enhance the rate of polymerisation itself, but only when instead of
10 nM of Arp2/3 complex, a 10 fold higher concentration (100 nM) was used in Actin
polymerisation assays (Uruno et al., 2001; Weaver et al., 2001). Although these effects were
relatively weak, when compared with the WCA fragment of N-WASp, Cortactin was able to
further enhance WCA-stimulated Actin polymerisation. Weaver et al. (2001) also reported a
synergistic effect on the formation of new Actin barbed ends. Unlike WASp/Scar proteins, the
NPF activity of Cortactin is not inhibited by intra- or intermolecular interactions. In addition,
Cortactin also increased Actin filament branching in the presence of Arp2/3 complex, and
WCA and Cortactin enhanced this process in a synergistic manner. Stimulation of Actin
polymerisation by Cortactin required both the NTA domain as well as the repeat regions
required for binding the Arp2/3 complex and F-Actin, respectively (Daly, 2004). Chemical
cross-linking studies also revealed that the NTA region of Cortactin interacts with Arp3, while
N-WASp WCA associates with Arp3, Arp2 and ARPC1, and that a ternary complex
consisting of Arp2/3-WCA-NTA could form (Weaver et al., 2002). Another study led to a
model in which Cortactin acquires a higher affinity for Arp2/3 by interacting with both Arp2/3
and F-Actin at a branching site, arguing for a sequential binding of N-WASp and Cortactin to
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Fig. 3: Comparison of N-WASp and Cortactin regulation in response to growth factor receptor activation: Upon receptor
activation, the auto-inhibited conformation of N-WASp is released by binding of Cdc42–GTP and PIP2 to the GTPase
binding (GB) and basic regions (B) respectively, resulting in Arp2/3 complex activation and Actin filament nucleation.
Binding of specific SH3 domain-containing adaptor proteins (e.g. Grb2, Nck) can further stimulate NPF activity. In
contrast, Cortactin is not auto-inhibited in the basal state. It is translocated to the cell periphery in a Rac-dependent
manner upon growth factor stimulation, where it functions as coactivator of the Arp2/3 complex in concert with other
NPFs, or to stabilise Actin branch points formed following de novo nucleation of filaments. The activity of Cortactin
towards the Arp2/3 complex can be modulated by binding of SH3 adaptors. E.g. WIP can enhance NPF activity by
inducing dimerisation of Cortactin, or by providing Actin monomers respectively. Phosphorylation of Cortactin on
tyrosine and/or serine/threonine residues can induce conformational changes and regulate intermolecular interactions.
In the case of the tyrosine phosphorylation, this may inhibit F-Actin binding or cross-linking, and hence the rigidity or
turnover of Actin networks (adapted from Daly, 2004).

Considering the involvement of PKD and Cortactin in cell motility, cell adhesion and Actin
cytoskeleton remodelling, as well as their mutual interactions, numerous questions emerge
that need to be answered and which might help in elucidating the function of PKD in the
regulation of cell migration and invasion of cancer cells, including pancreas ductal
adenocarcinoma cells (PDAC), which will be used in this study.

3.3 Introduction in PDAC cell lines

The pancreas ductal adenocarcinoma (PDAC) is a common malignancy and probably the
most aggressive form of cancer known to date, with the lowest overall 5-year survival rate
(Grutzmann et al., 2005; Jemal et al., 2003). There is no effective therapy, apart from surgery
and even resected patients mostly die within 1 year.
As it is the case for most studies on cell biology and genetics of other cancers cells,
investigation of pancreatic ductal adenocarcinomas also relies on a number of commonly
available cell lines, previously established from tumour samples of patients.

Cell line
Source of

tumour cells

Histology and grade

of primary tumour

(WHO grading)

Histology and grade of

transplanted tumour (in

nude or SCID mice)

Principal

investigator

Capan1 Liver metastasis PDAC, G1 G1
Kyriazis et al., 1998

J. Fogh (USA)
Fogh et al., 1977

Colo357 Lymphnode
metastasis

PDAC, G1-G2
G2/G3 (focally G1
and adenosquamous
components)
Meitner et al., 1983

R. Morgan (USA)
Morgan et al., 1980

Panc1 Primary tumour PDAC, G3 G3
Lieber et al., 1975

M. Lieber (USA)
Lieber et al., 1975

Panc89 Lymphnode
metastasis PDAC, G2 G2/G3

Okabe et al., 1983
T. Okabe (Japan)
Okabe et al., 1983

PancTuI Primary tumour PDAC, G2-G3 G3 unpublished data M. von Bülow
Moore et al., 2001

Table 1: Characterisation of PDAC cell lines used in this study adapted from Sipos et al., 2003
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Sipos and colleagues performed a study to comprehensively characterise different PDAC cell
lines, available as an in vitro research platform.

3.3.1 Features of monolayer and spheroid cultures

According to Sipos et al., PDAC cell lines in general grew as adherent monolayers, yet
Capan1, Colo357, and, to some extent, also Panc1 cells tended to form multiple layers in
post confluent cultures. Capan1 cells, detached from the surface after cultures, became
confluent and grew as floating aggregates. The different PDAC cell lines varied highly in size
and shape. Capan1 cultures were rather monomorphic and consisted of polygonal, cuboid,
or round-oval cells, while Panc89 cells were moderately polymorphic, polygonal, or oval. The
other cultures exhibited a marked polymorphism, with cell shapes ranging from polygonal,
oval-round to spindle-shaped fibroblastoid. Some cell lines, e.g. Colo357, also contained
abnormal giant cells with atypical morphology. All PDAC cell lines tend to form spheroids
within 24 h, when cultured without adhesive substrates. Capan1 cells were found to form
cohesive spheroids, consisting of smaller cell aggregates with lumen formation, while
Colo357, Panc89, and PancTuI cells developed circumscribed spheroids. In contrast, Panc1
spheroids had an irregular outer surface. These in vitro grown multicellular spheroids are
thought to represent a model system that is intermediate in complexity when compared to
monolayer cultures and solid in vivo grown tumours. Speroids facilitate direct cell-to-cell
interactions, thereby allowing the study of cell-to-cell adhesion processes as well as the
influence homo- and heterotypic cell interactions on proliferation, differentiation and
metabolism of the involved cells. PDAC cells growing in spheroids were found to show cell
polarisation and lumen formation. Based on these criteria, Capan1 cells were graded by the
authors to be highly differentiated, since their spheroids even resemble hollow spheres
(Sipos et al., 2003). In addition to the degree of differentiation, the genetic background of the
different cells lines needs to be considered for the evaluation of obtained results.

3.3.2 Genetic alterations of PDAC cell lines

When working with PDAC cell lines, genetic aberrations have to be taken in consideration. A
study by Moore et al. (2001) analysed the genetic status of 22 cell lines derived from
pancreas ductal carcinomas, including the cells that will be used in this study. Mutations in K-
ras, p53, p16Ink4, and DPC4/Smad4 were found to be the most common genetic alterations in
human PDAC. K-ras, p53, and p16 genes were mutated in more then 90% of cell lines,
followed by alterations in Smad4 in approximately 50% of cells (table 2).
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Table 2: Genetic alterations of PDAC cell lines used in this study adapted from Sipos et al., 2003. (p.m.) point mutation; (meth)

hypermethylated; (h.d.), hyperdyploid; W.t., wildtype. (For detailed references see Sipos et al., 2003)

Since immunohistochemical analyses of tumour biopsies from PDAC patients also indicated
overexpression of PKD (Trauzold et al., 2003), a potential function of PKD family members in
processes implicated with cancer progression was elucidated further in this work.

3.4 Aim of this work

Based on this clinical observation, one aim of this study was to investigate the function of
PKD in cell shape regulation, migration, and invasion of pancreatic adenocarcinoma cells. A
particular focus of the work shall be the identification and analysis of the functional link of
PKD interaction partners, like Cortactin, in the regulation of cell motility and Actin remodelling
processes. Understanding the regulation of cell motility and invasion of pancreatic tumour
cells might reveal novel molecular targets for anti-invasion and anti-metastasis therapies
against these to date incurable cancer.

Cell

line
Grade K-ras p53 P16 Smad4

Capan1 1
Mut (p.m.)
Berrozpe et al., 1994
Kalthoff et al., 1993

Mut (p.m.)
Berrozpe et al., 1994

Mut (no gene product
detected)
Naumann et al., 1996

Mut (p.m.)
Schutte et al., 1996

Colo357 2 Mut (p.m.)
Kalthoff et al., 1993

W.t.
Kalthoff et al., 1993
Barton et al., 1991

W.t.
Naumann et al., 1996

Mut (h.d.)

Panc1 3 Mut (p.m.) Mut (p.m.) Mut (h.d.) W.t.

Panc89 2 W.t. Kalthoff et al., 1993/
Mut (p.m.) Hirai et al., 1985 Mut (p.m.) Mut (meth) W.t.

PancTuI 3 Mut (p.m.) Mut (p.m.) Mut (h.d.) W.t.
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Phenylmethylsulfonylfluoride (PMSF) Sigma-Aldrich, Deisenhofen
Poly L-lysine 0.1% (w/v) in H20 Sigma Diagnostics (Cat P8920), St.Louis, MO, USA
Ponceau Sigma-Aldrich, Deisenhofen
Protein marker SDS-7B,
prestained standard mixture Sigma-Aldrich, Deisenhofen

Rabbit muscle G-actin AKL99, Cytoskeleton Inc., Denver, USA
Rhodamine-Phalloidin Sigma-Aldrich, Deisenhofen
SDS Roth, Karlsruhe
TEMED Sigma-Aldrich, Deisenhofen
Triton X100 Roth, Karlsruhe
Tryp/EDTA, 10x PAA Laboratories, Pasching, Austria
Trypan blue solution 0.2 % (w/v) Sigma-Aldrich, Deisenhofen
Tween20 Roth, Karlsruhe

4.1.2 Enzymes

Restriction endonucleases were obtained from MBI Fermentas, (St. Leon-Rot), Roche
Diagnostics, (Basel, Switzerland) or New England BioLabs (Frankfurt a.M.). Additional
enzymes used are listed below:

T4-DNA Ligase MBI Fermentas, St. Leon-Rot
DNAseI, RNase-free Roche Diagnostics, Basel, Switzerland
Expand High Fidelity Kit Roche Diagnostics, Basel, Switzerland
KOD-Polymerase Novagen/EMD-Bioscience, Darmstadt
Pfu HF-Polymerase Stratagene, Amsterdam, Netherlands
Pfu Turbo-Polymerase Stratagene, Amsterdam, Netherlands
Taq DNA-Polymerase Eppendorf, Hamburg
Titan One-Tube RT-System Roche Diagnostics, Basel, Switzerland

4.1.3 Buffers and Solutions

Acrylamide running gel buffer 10%/12,5% (v/v) acrylamide, 375 mM Tris, 0.1% SDS, pH 8.8

Acrylamide stacking gel buffer 4% (v/v) acrylamide, 125 mM Tris, 0.1% SDS, pH 6.8

AP-detection buffer 100 mM Tris-HCI, 100 mM NaCl, 50 mM MgCI2 pH 9.5

AP-blocking solution Dry milk powder 3% (w/v), 0.05% (v/v) Tween 20 in PBS

Aprotinin stock solution 10 mg/ml ddH2O

APS solution 10% (w/v) ammonium persulfate in H2O

BCIP stock solution 50 mg/ml BCIP in DMF

Blocking solution 1% for ECL Blocking solution 10x, diluted 1:10 in TBS/Tween

Blocking solution 10x for ECL 10% (w/v) blocking reagent in 100 mM maleic acid buffer, 150 mM
NaCl, pH 7.5

Blocking solution for IHC 5% (v/v) NGS, 0.05% (v/v) Tween20 in PBS, sterile filtered

Blotting buffer 25 mM Tris, 192 mM glycine, 20% (v/v) methanol, pH 8.3

Collagen I, IV stem solution 1 mg/ml Collagen, 0.1 M Acetate in PBS

Crystal violet staining solution 0.5% (w/v) crystal violet, 20% (v/v) Methanol

DNA sample buffer (6x) 250 pg/ml xylene cyanol, 250 pg/ml bromophenol blue, 50 mM
EDTA, 80% (v/v) glycerol

Leupeptin stock solution 10 mg/ml ddH2O

Lysis buffer 20 mM Tris, 1% (v/v) TritionX100, 5 mM MgCl2,
150 mM NaCl, pH 7.4

Methanol/acetone fixative 50% (v/v) Methanol, 50% (v/v) Acetone

NBT stock solution 50 mg/ml NBT in 70% (v/v) DMF/H2O

PBS (phosphate buffered saline) 140 mM NaCl, 2.7 mM KCl, 8 mM Na2HPO4,
1.5 mM KH2PO4, pH 7.2

PBS/Tween PBS + 0.05% (v/v) Tween20

PDGF stock solution 10 µg/ml PDGF, 4 mM HCl, 0.1% BSA

PFA fixing solution 4% PFA in PBS

PMSF solution 100 mM in isopropanol
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4.1.12 Specialised software

Leica confocal software V2.61 Leica Microsystems, Mannheim
Leica confocal software lite V2.61 Leica Microsystems, Mannheim
Zeiss LSM Image browser V3.2 Zeiss, Aalen, Germany
lmageQuant 5.2 Amersham, Biosciences, Freiburg
WinMDI 2.8 Josef Trotter
pDRAW AcaClone Software, Kjeld Olesen

GraphPad Prism 3.0 GraphPad Software Inc., San Diego,
CA, USA

Gene Cluster Eisen et al., 1998
TreeView M. Eisen, Stanford University

All non listed materials have been purchased either from Sigma-Aldich (Deisenhofen), Roth
(Karlsruhe) or Merck (Darmstadt).

4.2 Methods

4.2.1 General methods

General methods, like restriction endonuclease digestion, phenol-chloroform extraction,
agarose gel electrophoresis, measurement of DNA concentration, ligation and transformation
of chemically competent E. coli were performed as described in Sambrook et al., 1998.
Plasmid isolation and purification of DNA fragments was done using the Nucleobond plasmid
isolation or the NuceloSpin Extract kit (Machery-Nagel, Düren). RNA was isolated by the
RNeasy Mini Kit (Qiagen, Hilden) and the peqGOLD RNAPureTM system (PeqLab, Erlangen)
according to manufacturer’s protocol. DNase I digestion of RNA for subsequent RT-PCR was
performed using DNase I, RNase-free (Roche Diagnostics, Basel, Switzerland) as stated by
the manufacturer. Reverse transcription was done using the First-strand cDNA systhesis Kit
(MBI Fermentas St. Leon-Rot). 4 µg of total-RNA were used for first-strand cDNA synthesis
as described in the manufacturer’s protocol.

4.2.2 Qualitative and semi-quantitative RT-PCR reactions

For qualitative analysis of PKD isoform expression, PDAC cell lines were grown to
approximately 80% confluence, total RNA was isolated using the respective kits, followed by
DNase I digestion and phenol-chloroform extraction and first strand cDNA synthesis as
described in 4.2.1. 3 µl of template cDNA was used in PCR reactions. For qualitative RT-
PCRs 30 amplification cycles were performed, while for semi-quantitative RT-PCR care was
taken to be within the linear range of amplification. Starting from a basal 17 cycles, every
third amplification cycle 5 µl of PCR reaction was removed and analysed on a 2% agarose
gel to adapt the PCR reaction for a linear amplification range.
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PCR reaction: 5 µl 5 x reaction buffer
5 µl 2mM dNTP-Mix
2.5 µl Primers for/rev 10pmol
3 µl template first-strand cDNA
0,2 µl Taq DNA-Polymerase (Eppendorf, Hamburg)
add H2O to 50µl

Annealing: 55°C 30 sec
Extension: 72°C 1 min

Primers used for RT-PCR analysis of PKD isoform expression:

Primer Sequence
Product size

(bp)

PKD1 forward 5’-CAGATTTCTATGCACGCTCTCTTTGTTCATTCATAC-3’

PKD1 reverse 5’-CTGGATCCAGGCAGTTGTTTGGTACTTTCGGTGC-3’
500 bp

PKD2 forward 5’-AGCTTCTCTGAGCATCTCTGT-3’

PKD2 reverse 5-TAATACGACTCACTATAGGGCGCAGCTTCTCCATCACCACAA-3’
332 bp

PKD3 forward 5’-GGTGAAGCTGTGTGACTTTGG-3’

PKD3 reverse 5’-TAATACGACTCACTATAGGGCAGCCAGGGATGACTAAGAGAT-3’
372 bp

GAPDH forward 5’-TGATGACATCAAGAAGGTGGTGAAG-3’

GAPDH reverse 5’-TCCTTGGAGGCCATGTAGGCCAT-3’
250 bp

4.2.3 Qualitative RT-PCR of tumour sample total-RNA

For qualitative analysis of PKD isoform expression in PDAC tumour samples the Titan One-
Tube RT-System (Roche Diagnostics, Basel, Switzerland) was used according to the
manufacturer’s protocol with 100 ng of total-RNA per reaction. For PCR-reaction amplifying
PKD2, PKD3 and GAPDH annealing was done at 55 °C, annealing for PKD1 was performed
at 57°C.
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PCR-Program Titan One-Tube RT-System:

Step Temperature Time Comment

1 50°C 30 min RT-reaction

2 95°C 60 sec

3 95°C 30 sec

4 55/57°C 30 sec

5 68°C 60 sec

35 cycles

6 68°C 10 min

4.2.4 Cloning of Cortactin cDNA-constructs

Human Cortactin transcript variant 1 (NM_005231) was amplified from Panc89 cDNA using
Expand High Fidelity Kit (Roche Diagnostics, Basel, Switzerland). Primers used were
generated as following:

Cortactin EcoRI for 5’-CGGAATTCATGTGGAAAGCTTCAGCA-3’
Cortactin ApaI rev 5’-AAGGGCCCTCTGCCGCAGCTCCACATA-3’

After cloning into TOPO TA-(pCR2.1)-Vector (Invitrogen, Karlsruhe) according to the
manufacturer’s protocol, the respective pEGFP-N1-, pECFP-C1- and pCR3.V62-Met-Flag-
Cortactin constructs were obtained by subcloning the Cortactin cDNA sequence in frame into
EcoRI - ApaI sites within the polylinker of the respective Vectors.

4.2.5 Site-directed mutagenesis of pEGFP-N1- and pCR3.V62-Met-Flag-
Cortactin

Site-directed mutations in pEGFP-N1- and pCR3.V62-Met-Flag-Cortactin resulting in single
amino acid substitutions (S113A, S298A) were performed using QuickChangeTM site-directed
mutagenesis system (Stratagene, Heidelberg) according to the manufacturer’s instructions.
The integrity of the PCR-amplified Cortactin cDNA as well as the mutant constructs was
verified by sequencing.
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Mutagenesis Primer:

Primer Sequence Mutagenesis

CortactinS113A for 5’-CAGTCGAAACTTGCCAAGCACTGCTCG-3’

CortactinS113A rev 5’-CGAGCAGTGCTTGGCAAGTTTCGACTG-3’

CortactinS298A for 5’-CTGGCCAAGCACGAGGCCCAGCAAGAC-3’

CortactinS298A rev 5’-GTCTTGCTGGGCCTCGTGCTTGGCCAG-3’

Template 100ng; Pfu-Turbo
Program:
1) 95°C 1’
2) 95°C 30’’
3) 56°C 30’’
4) 72°C 7’ 30’’
5) 2)- 4) 12 cycles
6) 72°C 10’

4.2.6 Cell culture of eukaryotic cells

4.2.6.1 Cell culture of PDAC and HEK 293T cells

Panc89, Panc1, Colo357, Capan1 and PancTuI pancreas ductal adenocarcinoma (PDAC)
cell lines were obtained from Prof. Dr. H. Kalthoff (Christian-Albrechts-Universität, Kiel).
PDAC cells were cultured in RPMI supplemented with 10% FCS, 1mM sodium pyruvate. KIF-
5 fibroblasts for invasion assays were also obtained from H. Kalthoff and were cultured in
RPMI supplemented with 10 % FCS. HEK 293T cells (ATCC) were cultured in RPMI + 5%
FCS. All cell lines were held under standard growth conditions 37°C/ 5% CO2/ 95 % humidity.

4.2.6.2 Transient transfection of HEK293T cells

293T cells were transfected using the TransIT293 reagent (MoBiTec GmbH, Goettingen;
Mirus, Wisconsin, USA). For transfection of 500.000 cells/well 2µg DNA and 4µl TransIT293
according to the manufacturer’s instructions were used. For total cell lysates of 293T cells
transiently expressing cDNA constructs, the cells were harvested the next day, washed once
in PBS and lysed according to 4.2.7.1.

4.2.6.3 Transfection and creation of stable of Panc89 and Panc1 cells

Transfection of Panc89 and Panc1 cells was done using Effectene (Qiagen, Hilden) and
Lipofectamin 2000 (Invitrogen, Karlsruhe) according to the manufacturer’s protocol. Stable
Panc89 cell lines expressing pEGFP-N1-Vector, PKD1-GFP, PKD1KD-GFP, PKD2-GFP,
PKD2KD-GFP, Cortactin-GFP and CortactinS298A-GFP constructs were created by
selection with G418 (Invitrogen, Karlsruhe) 1mg/ml (w/v) following several rounds of cell
sorting (FACS star plus, Becton Dickinson, Franklin Lakes, USA) to enhance GFP-
expressing cells. Panc1 and Panc89 PKD1-pSuppressor clones were created by transfection
of the PKD1-pSuppressor construct in 300.000 cells/6well and subsequent selection using
1mg/ml (w/v) G418 until cells stopped dying. Then cells were subjected to a limited dilution in
96 well plates with an approximate density of one cell every fourth well. Individual surviving
clones were harvested and expanded. Resulting PKD1-knockdown clones were
subsequently evaluated using Western blotting and semi-quantitative RT-PCR analysis
(4.2.2) as indicated in the respective figures.
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4.2.6.4 Migration assays using Transwell filter inserts

Migration assay with Panc89 and Panc1 cells, as well as derived stable cell lines and PKD1-
pSuppressor-knockdown clones were performed using 24 well Transwell filter inserts
(Corning, New York, USA) with 8 µm pore diameter: Cells were removed from selection and
grown for 3 days on standard growth media. For migration assays, Panc89 cells were
seeded at a density of 60.000 cells/insert in media containing 1% FCS and 1mM sodium
pyruvate. For Panc1 PKD1-pSuppressor clones, 20.000 cells/insert were used and cells
were cultivated on selection media until the start of the assay to induce a maximum RNA
interference effect. Migration was induced by an FCS gradient of 1% - 10% FCS (top of
insert/well) for 40 hours. Cells on the filter were fixed using 4% para-formaldehyd and
subsequently washed three times with PBS. The inside of the Transwell insert was wiped
with a cotton swab to remove cells, which had not migrated and washed again two times with
PBS. To quantify migration, cells on the filter were stained with DAPI 1µg/ml in PBS for 20
min at room temperature (RT). Filters were washed three times with PBS and then
documented using a widefield fluorescence microscope (Leica, Bensheim) equipped with a
CCD camera, and a monochromator light source controlled via OpenLab Software
(Improvision, UK) with 10 x magnification. At least 6 visual fields (1024 x 1022) per filter were
photographed. Results were calculated as median number of migrated cells/visual field with
at least 6 images per filter.

4.2.6.5 Invasion assays using Transwell filters coated with MatrigelTM

Migration assays with stable Panc89 cell lines were essentially done as described in 4.2.6.4,
except that both migration (uncoated filter control) and invasion through MatrigelTM-coated
filters was measured. Filters were coated by incubation with MatrigelTM (basement membrane
matrix, Phenol-red-free, 11.9 mg/ml, BD Bioscience, Heidelberg) 1:5 in RPMI supplemented
with 1% FCS and 1mM sodium pyruvate for 30 min at 37°C. Subsequently the stable Panc89
cell lines were seeded at a density of 60.000 cells/insert on control and MatrigelTM-coated
filter inserts in media containing 1% FCS and 1mM sodium pyruvate. Migration/invasion was
induced for 40 h and filters were processed as described in 4.2.6.4. Percent invasion was
calculated as number of invading cells/number of migrating cells x 100.

4.2.6.6 Cell invasion assays in KIF-5 fibroblast layers

In this assay the invasive potential of cancer cells is determined using a modified trypan-blue
dye-based model to show cell invasion into KIF-5 fibroblast layers. The assay was a
modification of a protocol provided by Dr. A. Trauzold (Christian-Albrechts-Universität, Kiel).
Briefly, KIF-5 fibroblasts were seeded at a density of 150.000 cells/well in a 24 well plate. At
the 4th day, after KIF-5 cells had formed a confluent monolayer, the cells were rinsed twice
with PBS, permeabilised with 500 µl of DMSO for 1h at room temperature and washed again
twice with PBS. KIF-5 monolayers were overlayed with stable Panc89 cell lines grown for 3
days without selection on standard growth media at a density of 20.000 cells/well in RPMI
supplemented with 10% FCS and 1mM sodium pyruvate. A strongly invasive positive control
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(Colo357 cells) and an untouched KIF-fibroblast layer as negative control were also included
in the assay. Tumour cells were left to grow for 60 h, daily exchanging the growth media then
cells were rinsed with PBS and stained for 20 min using 0.2% trypan blue solution (Sigma-
Aldrich, Deisenhofen). After 2x washing with PBS, tumour cell invasion was immediately
documented using a widefield fluorescence microscope (Leica, Bensheim) equipped with a
CCD camera, and a white light source controlled via OpenLab Software (Improvision, UK)
with 10 x magnification using the translucent settings of the software. Trypan-blued stained
only the dead cells of the permeabilised KIF-5 fibroblast layer while the living carcinoma cells
remained unstained.

4.2.6.7 Cellular adhesion assay towards different substrates

For cell adhesion assays towards different adhesive substrates 96 well TC-plates were
coated in triplicate for each cell line assayed for 1h at 37°C using 50µl/well:

Collagen IV : 22.5 µg/ml in PBS (Sigma-Aldrich, Deisenhofen)
Poly-L-Lysine: 0.1% (v/v) in H20 (1:10 of stem solution, Sigma-Aldrich, Deisenhofen)
MatrigelTM: 1:8 dilution of MatrigelTM in PBS (Phenol-red-free, BD Bioscience, Heidelberg)
BSA: 5% BSA in PBS (A-6003, fatty acid free, Sigma Diagnostics, St. Louis, USA)

Uncoated TC-plate surfaces as well as BSA-coated wells served as controls. Prior to the
assay Panc89 cells were held without selection on standard growth media for 3 days.
Following trypsination they were left to recover for 1h resuspended in standard growth media
before seeding on coated plates. Following coating, plates were washed twice with media
and stable Panc89 cell lines were seeded at a density of 30.000 cells/well in standard growth
media. After 1h 30 min cells, which had not adhered were gently washed away by rinsing the
wells 3 times with PBS. To quantify cell adhesion on different adhesive substrates, plates
were subjected to crystal violet staining as described in 4.2.6.10. Relative adhesion was
shown by calculating OD 550 means of triplicate wells and respective standard deviations for
each cell line and coating condition assayed.

4.2.6.8 Cell-to-cell aggregation assays

Cell-to-cell aggregation assays were adapted from Jaggi et al. (2005) and Redfield et al.
(1997). Prior to the assay, Panc89 cell lines were held without selection on standard growth
media for 3 days. For aggregation assays Panc89 cells were diluted to a density of 30.000
cells/100µl in standard growth media and 20 µl of the resuspended cell solution (~6.000
cells) were dropped on the inner surface of the lid of a 10 cm cell culture dish. The lid was
inverted and the cell culture dish was filled with PBS to avoid evaporation of the droplets. For
each cell line tested, triplicate droplets were analysed. After cultivation of the cells in
“hanging drops” for 24 h, the lid was inverted and droplets were resuspended ten times using
a 10 µl micropipette. Cell aggregates were documented by an Axiovert 35 inverted
microscope equipped with a camera and controller unit (Zeiss, Jena) with 10x magnification.
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5. Results

Despite intensive research to improve therapeutic options, most pancreas carcinomas are
resistant to radiotherapy (Klinkenbijl et al., 1999, Permert et al., 2001, Wanebo et al., 2000).
Chemotherapy and immunotherapy also did not significantly improve the overall 5 year
survival rate (Staib et al., 1999, Yeo and Cameron, 1999, Keleg et al., 2003, Westphal and
Kalthoff, 2003).
A second unfortunate hallmark of pancreatic cancer is its early systemic dissemination and
the extraordinary rapid local tumour progression (DiMagno, 1999). Metastasis is a major
problem in the therapy of pancreatic tumours. Even if resection of the primary tumour is
possible, metastatic disease often makes a curative treatment impossible and contributes to
high mortality rate amongst patients with pancreatic cancer. How metastatic progression
develops is unknown, and little is known on how malignant cells detach from the primary
tumour site and grow in distant organs (Kim et al., 1998).
Previous studies have suggested a potential role for PKD in processes mediating cell shape
modulation, motility, cell adhesion as well as invasion of cancer cells. These are all key
processes in the metastasis of cancer and therefore important cellular functions to focus on,
when searching for potential new targets for treatment of pancreatic cancer cells, which are
not responding to established therapeutic regimens.
The PDAC cell lines used in this study were obtained from Prof. Dr. H. Kalthoff (Christian-
Albrechts Universität, Kiel).

5.1 Characterisation of PDAC cell lines used in this study

5.1.1 Expression of PKD isoforms using qualitative RT-PCR

Since at the time this study started, no reliable isoform specific antibodies against PKD1, 2,
and 3 were available, the expression of the respective isoforms was investigated by
performing a qualitative RT-PCR analysis (4.2.2) of the different PDAC cell lines grown to
approximately 80 % confluence (Fig. 4A). Although the amount of transcript detected cannot
be necessarily translated into protein expression, this analysis gives a first insight, which
PKD isoforms may be important in the respective cell lines, and also if correlations between
isoform expression and different phenotypes are possible. The PKD isoform expression in
Fig. 4A represents 30 cycles of amplification. Qualitative RT-PCR was done according to
4.2.2. GAPDH was included as a loading control to show the integrity of the first-strand
transcripts. As seen in Fig. 4A, GAPDH was equally strong expressed in all cell lines,
indicating that RT-reactions from the isolated total RNA were successful. PKD1 was
expressed in Panc1, Panc89, Capan1, and Colo357 cells, while in the PancTuI cell line a
PKD1 specific band was not clearly visible, or to faint to be visualised. Colo357 cells
ectopically expressing PKD1, a vector control, as well as PCR reactions with cDNA
constructs for PKD1, 2, 3 served as positive controls for the respective isoforms, while PCR
reactions without template were used as negative control. PKD2 was equally strong
expressed in all PDAC cell lines, while PKD3 was strongly expressed in Panc1, Panc89,
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molecular weight to be either PKD1, or PKD2 were therefore labeled as PKD, a strong
immunoreactive band also detected by the antibody, but not with the molecular weight
required was marked by an asterisk (Fig. 4B, blot panel 1). As demonstrated in the blot,
Panc89 as well as PancTuI cells show a strong PKD expression followed by Capan1 and
Colo357 cells with much weaker immunoreactive bands. Whether the band seen in PancTuI
lysates represents PKD2, since RT-PCR analysis failed to detect visible PKD1 transcript
levels, can not be decided conclusively, although it is likely to be so. Active,
autophosphorylated PKD (pPKDS910) is shown in blot panel 2. Compared to the other PDAC
cell lines, PKD in Panc89 lysates is strongly autophosphorylated. Noticeably the pPKDS910

band in PancTuI cells migrated at a reduced molecular weight, further emphasising the
possibility that in this case PKD2 was detected. T-Loop phosphorylated, transactivated PKD
(pPKDS738/742) can be seen in blot panel 3. Panc89 cells also show a clearly visible
transactivation of PKD in the total cell lysates, followed by Capan1, and PancTuI cells.
Summarising the data from the Western blot experiments, Panc89 cells exhibit a strong PKD
expression, in an active, autophosphorylated and transphosphorylated state, thereby
indicating activation by upstream kinases.
In order to gain more insight in the expression of PKD isoforms in different pancreas ductal
adenocarcinoma tumour samples, a qualitative RT-PCR analysis of total tumour RNA from
biopsy material provided by Prof. Dr. H. Kalthoff (Christian-Albrechts Universität, Kiel) was
done.

5.2 PKD isoform expression in tumour sample RNA

For each tumour sample 100 ng of total RNA were subjected to a qualitative RT-PCR (see
4.2.2). The obtained tumour sample RNAs were characterised by histopathological
examination as follows: Samples 15500/0 and 15909/03 were well differentiated carcinomas
with normal tissue in block, while samples 19299/03, 17323/03, and 9511/03 were low
differentiated carcinomas with strong desmoplasia and lacking apparent normal tissue in the
preparation. As shown in Fig. 5, all samples tested, expressed detectable amounts of PKD1,
2 and 3 transcripts. GAPDH was included as a control to ensure the integrity of the used
total-RNA. Yet, from the results obtained in this analysis no correlation between PKD isoform
expression and differentiation as well as tumour progression state was possible. Lacking a
normal pancreas control sample, further conclusions on a correlation of isoform expression
with the state of tumour progression were impossible (Fig. 5).
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H), while after 30 minutes there was a strongly increased colocalisation of active PKD and F-
Actin at filamentous and cortical structures in membrane protrusions as well as at the edge of
protrusive membranes (I-L).

Fig. 7: (A) Confocal image sections of
Panc89 cells costained for PKD and F-Actin
(A-L). 70.000 cells were seeded on Collagen
IV coated cover slips, serum starved over
night and stimulated with PDGF-BB 30ng/ml
for the indicated time points at 37°C. Serum
starved cells (-FCS) served as a control.
Cells were stained for autophosphorylated
pPKDS910 and F-Actin. (A-D) Serum starved
Panc89 cells. (E-H) Panc89 cells stimulated
with PDGF-BB 30ng/ml for 10 min. (I-L)
Panc89 cells stimulated with PDGF-BB
30ng/ml for 30 min. Colocalisation in overlay
images is indicated by yellow colour,
respective structures are marked by a white
arrow. Nuclei were stained using DRAQ5.
The scale bar represents 20 µm

In Fig. 7B PKD and Cortactin showed colocalisations at membrane protrusions in serum-
starved control cells (A-D), while after 10 minutes of stimulation colocalisation of both makers
was dramatically reduced (E-H), accompanied by a redistribution of PKD from an extended
distribution throughout the cytoplasm to a more aggregated, perinuclear cytoplasmic staining
(E). A colocalisation of PKD and Cortactin at this time point was more or less restricted to
membrane ruffles and the edge of protrusive membrane structures (G, H). Panc89 cells
stimulated with PDGF for 30 minutes displayed again an increased colocalisation of PKD and
Cortactin in membrane protrusions (I-L) and cortical, as well as filamentous Actin-rich
structures (O, P).


