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1 Introduction

1.1 Pancreatic ductal adenocarcinoma (PDAC)

PDAC is one of the most lethal cancers, with a dismal prognosis and an extremely low 5-
year overall survival rate (< 5 %). According to the latest statistics the incidence of all
pancreatic cancer globally is about 5.5 per 100,000 with 90 % being adenocarcinomas.
Particularly in developed countries and among men PDAC is more common. The
incidence of PDAC remained steady relative to the incidence of other common solid
tumors such as lung cancer and colorectal cancer over the past several decades (Bray et
al. 2018; Vincent et al. 2011). However, according to estimates from the United States in
2019, about 46,000 people will be expected to get pancreatic cancer, and more than
40,000 people are predicted to die from it (Siegel et al. 2018). In early stages pancreatic
cancer is usually asymptomatic and therefore most PDAC are diagnosed at an advanced

and metastasized stage and are often not resectable.

1.2  Carcinogenesis and molecular biology of PDAC

PDAC derives from the epithelia of the pancreatic duct and develops from a pre-
malignant lesion termed pancreatic intraepithelial neoplasia (PanIN). The International
Cancer Genome Consortium characterized four major subtypes of PDAC based on their
gene expression profiles: “the pancreatic progenitor subtype”, “the squamous subtype”,
“the aberrantly differentiated endocrine exocrine subtype” and “an immunogenic
subtype” (Waddell et al. 2015). However, recent studies propose five distinct subtypes:
“a pure classical”, “a pure basal-like subtype” and “the immune classical”, “the
desmoplastic”, “the stroma activated subtype” (Puleo et al. 2018). Characteristic features
of PDAC include a very high activity of Kirsten rat sarcoma viral oncogene homologue
(KRAS) signaling, a progression from PanIN to pancreatic cancer, a tendency to both
local invasion and remote metastasis, an abundance of specific stromal matrix leading to

the conundrum of hypovascular and hypoxic exposure of microenvironment, alternating

the cellular metabolism and blinding of immunity (Feig et al. 2012). The accumulation of



genetic mutations is associated with the development from dysplastic epithelium to

invasive carcinoma.

1.3 Mutational landscape and subtypes of PDAC

The genetic landscape of PDAC is dominated by four major driving mutations: an
activating KRAS mutation occurs in more than 95 % of all PDACs, mutations in 7P53
(60-70 %), in SMAD4 (50 %) and mutations and epigenetic silencing of the tumor
suppressor gene CDKN24 (> 50 %). Since these four genes carry mutations that appear
in the primary tumors and its remote metastases, they are regarded as founder mutations

(Fig. 1) (Bailey et al. 2016; Biankin et al. 2012; Ryan et al. 2014).

60-70 %
p53 CDKN2A
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Figure 1: Frequencies of mutations in pancreatic ductal adenocarcinomas. (Bailey et al. 2016;

Biankin et al. 2012; Ryan et al. 2014).



1.3.1 KRAS mutations and aberrant signaling

KRAS activation is the most common oncogenic mutation in PDAC and has been well
studied in the tumorigenic growth in human cancers including PDAC. Many reports
showed that KRAS mutations correlate with poor prognosis (Ogura et al. 2013) therefore,
targeting KRAS is one of crucial priorities straight in pancreatic cancer research. Even
though several promising methods to discover a valid treatment for PDAC patients with
KRAS-mutant, including direct or indirect KRAS targeting, such as inhibiting
interactions, blocking cascades downstream of KRAS or disturbing the metabolic
processes have been presented, after over 30 years of research an effective clinical anti-
RAS therapy still remains missing (Zeitouni et al. 2016). In PDAC cells, KRAS protein
levels may act as a biomarker for sensitivity to KRAS inhibition, in turn endogenous
KRAS may underscore the potential for resistance to even the KRAS inhibitors.
(Muzumdar et al. 2017). In addition, the development of Ras-directed molecular
therapeutics has encountered big challenges, due to the difficulty of targeting a molecule

as small as the Ras-GTPase (Singh et al. 2009).

1.3.2 TP53 functions and carcinogenesis

The p53 tumor-suppressor gene (7P53) is one of the most common oncogenic mutation
genes in cancers including PDAC. The well-established role of wild-type 7P53 has been
more extensively studied in recent decades in tumor processes (Freed-Pastor and Prives
2012; Vogelstein et al. 2000; Vousden and Lane 2007). TP53 is a general stress sensor
and is activated by Deoxyribonucleic acid (DNA) damage and oncogene activation. TP53
protein levels are often inhibited by a feedback loop of ubiquitin-protein ligase E3
(Mdm2) which causes a targetable TP53 proteasome-mediated degradation. Cellular
stress interrupts the binding of Mdm?2 to TP53 and induces TP53 activation and
accumulation. These alterations are able to initiate cell-cycle arrest, cell death by the
production of apoptosis or senescence initiation through a variety of inducers including
many genes. For example, cyclin-dependent kinase inhibitor 1A by encoding a protein
regulates cell growth arrest and senescence, and Bcl-2-Like Protein 4 and Phorbol-12-
myristate-13-acetate-induced protein 1, which trigger a variety of apoptosic signals (Fig.

2) (Candeias et al. 2008; Freed-Pastor and Prives 2012; Whibley et al. 2009).



DNA breaks Ultraviolet light, stress Oncogenes

Casein
Kinase Il

ARF
kinase p14

. P53AIP1 PERP NOXA

Fas Bax PIDD

Reactive oxygen

species
Prevention of
new blood vessel
Growth arrest Apoptosis formation

Figure 2: The TP53 network. (modified: Vogelstein et al. 2000). Activation of the network stimulates
enzymatic activities that modify TP53 and its negative regulator, Mdm?2.

1.4 The microenvironment of PDAC

Pancreatic cancer is characterized by a rich bulk of the stromal-desmoplasia reaction
(Seymour et al. 1994), leading to a hypoxic environment for cancer cells. Stroma is a
complex dense structure consisting of the extracellular matrix (ECM), which is composed
of several cell types like pancreatic stellate cells (PSCs), collagen I, vitronectin,
fibronectin, cell growth factors and non-collagenous proteins (Biondani et al. 2018). PSCs
may dynamically maintain a relative balance of ECM production and degradation to

regulate ECM composition (Apte et al. 2012). The role of ECM in driving tumor



resistance in response to several therapeutic strategies is well studied. For example,
stellate cells can escape cancer cells from apoptosis, leading to increased cell survival,
and but also promote a formation of the niche for the cancer stem cells. In a study it was
reported that PSCs may help to develop metastatic cancer cells by shifting from the local
tumor site to metastatic sites (Xu et al. 2010). The pancreatic cancer in the stroma with
an abundant portion of PSCs enhances and influences drug resistance and recurrence after
surgery (Hamada et al. 2012). Moreover, it has been shown in vitro and in vivo that
bidirectional interactions with stromal stellate cells and tumor cells (Apte et al. 2013)
stimulates proliferation, migration and invasion. For example, transforming growth factor
beta (TGF-beta) overexpression in pancreatic cancer induces cell growth by triggering
non-canonical signaling including the mitogen-activated protein kinase (MAPK) and
proto-oncogene tyrosine kinase src (c-Src) (Gore et al. 2014) have a relevance in early
recurrence after resection and a poor survival (Attisano and Labbe 2004). Although it has
been demonstrated that an important role for stromal PSCs in tumor and remote
metastasis, such as recent many studies testing the application of genetic techniques
(Ozdemir et al. 2014) or signaling pathway inhibition (Lee et al. 2014) to abolish
myofibroblast numbers and functions have been controversial and indicate that the stroma
plays a distinct protective role in pancreatic cancer. For example, aberrant autocrine and
paracrine signaling cascades of pancreatic cancer are associated with an increased cell

growth, migratory, invasion and remote metastasis (Hezel et al. 2006).

1.5 Adjuvant therapy in PDAC

Palliative treatment including gemcitabine-based chemotherapy is still the leading
therapy in the treatment of advanced patients to improve health-related quality of life and
overall survival (Wichert et al. 2008). Gemcitabine is a nucleoside analogue of
deoxycytidine that has been approved by the Food and Drug Administration (FDA) in
1996 and has been extensively used for the treatment of multiple types of cancers
including pancreatic cancer. In 2004, the randomized trial has been completed and
confirmed a role of adjuvant chemotherapy in pancreatic cancer (Neoptolemos et al.
2004). Basic on the similar survival rates and less toxicity, the adjuvant gemcitabine
treatment as the basic treatment for resected PDAC patients was established in the

ESPAC-3 trial and another large clinical study reported the significance of adjuvant



chemotherapy to overall survival time in patients with pancreatic cancer with early
clinical stage I or II (Neoptolemos et al. 2017). An increasing number of studies reported
that multiple aberrant signaling pathways are investigated in pancreatic carcinoma cells
such as the enhancement of mitogenic signaling, underscoring the critical need for more
effective therapies including combinatorial strategies (Attisano and Labbe 2004;
Matsushita et al. 2007). Although patients with pancreatic cancer are best treated by a
multi-disciplinary team, there is an increasing number of patients exhibiting resistance to
therapeutic strategies including gemcitabine. Therefore, markers for the separation of
patients with a different genetic and molecular background and specific new therapeutic

strategies are urgently needed.

1.6 Structure and function of the urokinase plasminogen activator

receptor (uPAR) in the plasminogen activation system

The main biofunction of the Glycosylphosphatidylinositol (GPI)-anchored cell membrane
receptor UPAR is uPA mediated degradation of extracellular matrix components. It
belongs to the superfamily of lymphocyte antigen-6 (Ly6), which is characterized by the
LU domain (Ploug and Ellis 1994). The presence of 4-5 diulphide bonds formed by a
tertiary structure constituting the LU domain (Jacobs et al. 1999; Kjaergaard et al. 2008).
Recent studies on the crystal structure of uPAR-ligand complexes (Huai et al. 2008) show
that this core domains of uPAR constitute of a concave shape with a three-finger protein
domain where uPA can bind. The LU-domain of uPAR contains residues essential for
binding to vitronectin (Gardsvoll and Ploug 2007; Huai et al. 2008; Madsen et al. 2007).
uPAR can coordinated stimulation of proteolysis, cell adhesion and cascades of relative
signaling by simultaneously binding both ligands of the vitronectin- and uPA-binding
sites (Huai et al. 2008; Wei et al. 1994). It has been shown that uPA-binding to uPAR
initiates a dimerization that enhances the capacity of uPAR to bind vitronectin

(Cunningham et al. 2003; Sidenius et al. 2002).

1.6.1 uPAR expression and diagnostic significance in cancer

uPAR expression increased upon several stress signals such as tissue injury, tissue

remodeling and inflammation stress. uPAR protein is found in gestational proliferating



tissues (Floridon et al. 1999; Uszynski et al. 2004) and in keratinocytes at the edge of the
wound healing (Romer et al. 1994; Solberg et al. 2001). uPAR expression has been
reported in other pathologic progress such as chronic kidney disease (Wei et al. 2008) and
ischemia or trauma of the central nervous system (Beschorner et al. 2000). During
leukocyte activation and differentiation the high levels of uPAR is also detected (Plesner
et al. 1994). uPAR is detected on a subpopulation of haematopoietic stem and progenitor

cells (Tjwa et al. 2009).

Unlike in healthy and developing tissues, uPAR expression commonly correlates with a
poor prognosis and is predictive of invasion and distant metastasis in human cancers
including pancreatic cancer (Bene et al. 2004; Jacobs et al. 1999; Rasch et al. 2008). For
instance, aberrant uPAR expression in breast cancer was described as an independent
prognostic marker (Giannopoulou et al. 2007) and particularly in PDAC it has been
shown that the amplification of uPAR correlates with poor prognosis and unfavorable

clinical outcome (Hildenbrand et al. 2009).

1.6.2 The processes of uPAR in cancer

A key role of uPAR in cancer development is involved in its proteolysis system of the
extracellular matrix. Glycosyl-phosphatidylinositol GPI-anchored uPAR bound to uPA-
Plasminogen activator inhibitor-1 (PAI-1) by a lipoprotein receptor-protein 1(LRP1).
uPAR as a transmembrane adaptor connects LRP1 to the clathrin-dependent endocytosis
(Conese et al. 1995; Cunningham et al. 2003), leading to activation of lysosomal
degradation of uPA and PAI-1 and finally regeneration of uPAR and LRP1 (Czekay et al.
2001). Additionally, endocytic receptor 180 is also associated with uPAR regeneration
(Behrendt et al. 2000). Activations of the Rho GTPase Rac and cell division control
protein 42 homolog (CDC42), which not only promotes filamentous actin assembly and
routes cell migration but also leads to the chemotactic response towards a catalytically
inactive uPA (Sturge et al. 2003). The maintenance of a balance of cell surface uPAR
prevents uPAR-mediated activations of Rac and extracellular signal-regulated kinase 1/2
(ERK 1/2) and inhibits cell capacities of migratory and chemotaxis (Ma et al. 2002; Webb
et al. 2000). This balance is dysregulated in cancer progression and high uPA/uPAR

constitutively converts plasminogen to active plasmin that triggers degradation of



ECM/basement membranes and releases functional matrix metallopeptidases. ECM

degradation by uPA/uPAR-MMP finally promotes cell invasion and remote metastasis.

Due to lacks a transmembrane or cytoplasmic domain, uPAR is anchored to the cell
membrane through a GPI part (Brown and Waneck 1992). Active uPAR in human cancers
including PDAC has been linked with poor prognosis (Kong and Park 2012). The GPI-
anchored uPAR requires co-receptors to relay its downstream signals within the cell. For
example, uPAR stimulating integrins such as asPi, ovps signaling can induce focal
adhesion kinase (FAK) and Src phosphorylation and activate Ras-ERK signaling pathway
leading to tumor cell proliferation and tumorigenicity in vivo (Aguirre-Ghiso et al. 2001;
Monaghan-Benson and McKeown-Longo 2006; Plesner et al. 1994). In turn, uPAR
deficient cells convert into a dormancy (Aguirre Ghiso et al. 1999; Aguirre-Ghiso et al.
2001) suggesting an important role for uPAR in regulating tumor cell proliferation and
dormancy on the uPAR-integrins interaction stimulate the tyrosine phosphorylated FAK,
inducing the activation of the Ras-ERK pathway (Aguirre Ghiso 2002; Liu et al. 2002).
Many studies have reported that uPAR signaling through f: integrin can enhance cell
invasion by promoting pericellular proteolysis (Ghosh et al. 2006; Tang et al. 2008; Wei
et al. 2007). The uPAR-mediated proteolysis system also correlates with cell motility and
survival via the Ras signaling (Aguirre Ghiso 2002; Kjoller and Hall 2001; Vial and
Marshall 2003). Phosphorylated ERKs via uPAR primarily influences cell growth or
protease levels through transcriptional regulation. Vial E. et al. (2003) also identified the
key role of uPAR for cell motility and activated Rac kinases modulated in human tumor
cells via oncogenic Ras-ERK signaling. Moreover, phosphorylated myosin light chain
kinase via uPAR signaling also promotes to cell motility in human tumor cells (Nguyen
etal. 1999) including PDAC, breast cancer. The interesting involvement of relative ERKs
targets in uPAR signaling has been further investigated. For example, NUDEL as a
regulator of cytoplasmic dynein within the cell, competes with CDC42 for binding
CDC42GAP. Activated NUDEL by ERKSs stimulates the Phosphorylation of CDC42
(Shen et al. 2008), and phosphorylated FAK by ERKSs induces focal adhesion disassembly
and turnover (Zheng et al. 2009). It is well known that ERKSs activation can be regulated
through a junction of two routes: positively through uPAR-mediated integrins such as
asB1, which phosphorylates ERKs, and another produced by fibronectin fibrils suppress
p38MAPK activation. Both, overexpressing uPAR and its interaction with the integrin
directly increase ERK activity and suppresses p38MAPK activity by two feedback loops



(regulation of a p38MAPK/ERK activity ratio that determines carcinoma cell

proliferation vs. dormancy in vivo (Aguirre-Ghiso et al. 2001)).

1.6.3 uPAR and epithelial-mesenchymal transition (EMT) in PDAC

EMT program is a well-known process initiated by a variety of signaling pathways during
cancer progression, which plays a key role in tumor development and metastasis in tumors
including PDACs (Nistico et al. 2012). The loss of E-cadherin expression initiates an
EMT program that induces morphological changes (Peinado et al. 2007) showing
mesenchymal aspects including lack of cell polarity and three-dimensional structures and
the secretion proteins forming the backbone of ECM (Thiery et al. 2009). E-cadherin is
one of the most commonly used epithelial markers and N-cadherin, vimentin or
fibronectin stand for the mesenchymal phenotype (Thiery et al. 2009). It is investigated
how genes are regulated in the EMT program in tumor cells. Dependent on their effect
on the E-Cadherin promoter, E-Cadherin repressors were classified into two groups. Zink
finger E-Box Binding Homeobox 1 and 2 (ZEB1, 2), Snail 1, Snail 2, and transcription
factor (TCF) 3, and Krueppel-like factor 8 factors which bind to the E-cadherin promotor
region to repress transcription (Thiery et al. 2009; Wang et al. 2007) belong to the first
group. The second group includes Twist, forkhead box protein C2 and TCF4 that
indirectly repress E-cadherin transcription (Solberg et al. 2001). Beta-catenin is one of
crucial downstream effectors in the Wnt signaling (Hernandez et al. 2007) and is involved
in early embryonic process (Umeda et al. 2006) and tumorigenesis (Reichert et al. 2000).
Beta-catenin also activates Slug, which is a widely expressed transcriptional repressor.
Zonula occludens 1 and 2 (ZO-1 and 2) are scaffold proteins that form the assembly of
cellular tight junction formation (Helfand et al. 2004; Shin et al. 2006). Vimentin is a
dynamic intermediate filament that originated from the mesenchyme. It is present in early
developmental stages and is involved in re-organization of structural cytoskeleton in
response to extracellular stimuli (Matter and Balda 2007). SLUG by binding to integrin
promotor sequences transcriptionally inhibits integrins expression and impairs cell
adhesion (Turner et al. 2006). Mounting evidence suggested that the function of the
uPA/uPAR system plays a critical role on tumor migration and invasion and metastasis
due to its ability of degradation for ECM contents (Wang 2001). For example, elevated
uPAR protein promotes pancreatic tumor EMT program (Huang et al. 2014) and promotes

breast cancer metastasis (Lester et al. 2007). Knockdown of uPA with specific gene
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induced a reduction of Snail and vimentin and morphological features of epithelial cells
suggesting that uPAR-mediated cell signaling could play a key role in targeting to reverse
EMT into MET process in cancer cells (Jo et al. 2009b). Accumulating evidence clearly
suggests that the increased chemoresistance to drugs and the acquisition of an EMT-like
cancer stem cell phenotype have a critical role in tumor cells (Quint et al. 2012; Yin et al.
2011). For instance, downregulation of ZEB1 not only restores E-cadherin expression but
also induces an overall increased drug sensitivity (Arumugam et al. 2009). Given the
importance of uPA/uPAR and EMT in pancreatic cancer during tumor development,
tumor-progression, and tumor metastasis and its relevance in the response to therapy
suggests that uPA/uPAR could be a valuable target in the therapeutic strategy against

pancreatic cancer.

1.6.4 uPAR and autophagy in cancer

Autophagy process is a critical to maintain homeostasis by removing unnecessary or
excess proteins or damaged organelles by forming vesicles that then fuse with lysosomes
for degradation. It is thought that autophagy regulates different cellular functions
including growth, differentiation and response to nutrient deficits. It is regulated the
molecular mechanism of autophagy via the family of autophagy-related genes (ATG).
Two additional important factors in autophagy are the beclin-1 gene and the microtubule
protein 1 light chain 3 (LC3) gene that also is related with cell growth, survival, migratory
and invasion positively (Hamurcu et al. 2018). Recently a study demonstrated that the
inhibition of LC3 and Beclin-1 in triple negative breast cancer cells inhibit autophagy by
inhibiting uPAR/integrin-f1/Src signaling (Hamurcu et al. 2018). A report described that
p38MAPKSs is required for cell growth and cell survival time in patients with diagnosed
at colorectal cancer. Comes and colleagues (2007) showed the production of growth arrest
and autophagy-related cell death by p38MAPK alpha specific inhibitor or genetic silence
for colorectal cancer cells. In pancreatic cancer cells with a high basic level of autophagy,
inhibition of autophagy delays tumor development in vivo and in vitro (Ying et al. 2012).
In addition, a study reported the autophagy inhibition in response to KRAS-driven
pancreatic cancers is probably independent of 7P53 status (Yang and Kimmelman 2014).
Macropinocytosis represented an important route of tumor nutrient uptake of KRAS-
mutated pancreatic cancer cells, including glutamine that can enter central carbon

metabolism (Commisso et al. 2013). A variety of metabolites of pancreatic cancer cells
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such as glutamine is dependent of macropinocytic protein uptake and lysosomal
degradation (Kamphorst et al. 2015). Targeting specific metabolic units such as its
pharmacological inhibition is an emerging strategy for pancreatic cancer. For example,
blockage of regulators of tumor metabolism such as autophagy progress. Emerging
evidence shows that autophagy has multi-faceted roles in cancer. Main functions of
autophagy involve the promotion of the survival of dormant tumor cells (Lu et al. 2008;
Sosa et al. 2014), the arrest of cancer stem cells, apoptosis and treatment resistance (Cufi
etal. 2011; Wolf et al. 2013), the spreading of tumor cells into the peripheral cycle (Peng
et al. 2013; Qiang et al. 2014) and the regulation of EMT (Kenific et al. 2016; Lock et al.
2014; Sharifi et al. 2016). Emerging evidence indicates that cancer therapies mediate
autophagy, to allow tumor cell survival, and to be a leading cause of therapy resistance
(Amaravadi et al. 2011; Kondo et al. 2005; Levy et al. 2017). It has also been suggested
that autophagy may also accelerate the production of chemoresistance to drugs via
promoting the selection for a cancer stem cell phenotype (Apel et al. 2008; Mowers et al.

2017).

1.6.5 uPAR is associated with proliferation and apoptosis

uPAR is a key node of the maintaining balance between two classical MAPK pathways,
the mitogen ERK and the growth/apoptotic suppressive p38MAPK (Ellinger-Ziegelbauer
et al. 1999). The MAPK/ERK pathway is well characterized in the pancreatic cancer and
is often strongly activated in many pathological disease processes (He et al. 2008). The
p38MAPK signaling is one of the major MAPK pathways activated by environmental
stress stimuli such as ultraviolet irradiation and oxidative stress. Furthermore, the
cytokines such as interleukin-1, and cytoplasmic transforming growth factor-beta and
tumor necrosis factor are induced the activation of p38MAPK (Cuenda et al. 1997; Guay
et al. 1997). MKK3 and MKK®6 have been identified as upstream kinases responsible for
p38MAPK activation (Jacobs et al. 1999; Remenyi et al. 2005; Wang et al. 1996). In
addition, other regulators of the p38MAPK pathway have been defined, including the Rho
family Rac, CDC42 and the small G protein-activated protein kinases (Bagrodia et al.
1995; Chiariello et al. 2010; Zhang et al. 1995). Activated p38MAPK in turn stimulates
and phosphorylates a variety of related targets such as kinases and transcription factors
activating a wide range of signaling pathways important in tumor formation and

progression.



12

The p38MAPK pathway is part of a DNA damage signaling pathway, which serves in
parallel with checkpoint kinase 1 (Chkl) as a key cell cycle check point (Reinhardt and
Yaffe 2013). The p38MAPK activation leads to increased gamma H2A histone family
member X phosphorylation, a marker of DNA damage, which subsequently induces
apoptosis pathways (Gurgis et al. 2014). In KRAS-mutant tumor cell lines, combined
inhibition of Chkl and p38MAPK lead to an accumulation of genotoxic lesions, which
results in mitotic catastrophe (Dietlein et al. 2015). Moreover, inhibition of the p38MAPK
with specific inhibitors in colon cancer leads to increase reactive oxygen species
production, which sensitizes cells to drug-mediated apoptosis (Pereira et al. 2013). In
pancreatic cancer cells, Chk1 inhibition sensitizes cells to gemcitabine treatment, while
MAPK-activated protein kinase 2 inhibition has the opposite effect and abrogates the
sensitization by Chkl-inhibition (Kopper et al. 2014). Another important effector of
p38MAPK activation is heat shock protein 27 (HSP27). The p38MAPK activation leads
to phosphorylation of HSP27, which induces a conformational change and inhibits
multimer formation and thus decreases chaperone functions of HSP27. Aberrant HSP27
expression and phosphorylation is associated with a more aggressive tumor phenotype

(Katsogiannou et al. 2014; Okuno et al. 2016).

1.7 uPAR as a potential therapeutic target

Some therapeutic reagents or strategies targeting uPAR signaling have reached clinical
trials. Current studies have for the most part worked on interfering with the proteolytic
activity of uPA or inhibiting the binding of uPAR to uPA (Smith and Marshall 2010)
(Fig. 3). For example, a research reported the monoclonal antibody of uPAR, binding
to uPA-occupied uPAR, highly inhibited of cell proliferation, invasion, and metastasis
in prostate cancer (Mahmood et al. 2018). Therefore, targeting against human uPAR
agents could be also considered as a therapeutic option in PDAC with increased uPAR

levels.
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Figure 3: Potential therapeutic targeting of uPAR. (Modified: Smith and Marshall 2010).
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1.8 Hypothesis

Emerging evidences shows that autophagy process promotes cancer cell the acquisition
of resistance to chemotherapy and radiation treatment (Amaravadi et al. 2011; Apel et al.
2008; Kondo et al. 2005; Levy et al. 2017; Mowers et al. 2017) and that activated
p38MAPK triggers survival by escaping tumor cells from the cytotoxic treatment on
active autophagy in TP53 defective colorectal cancer cells (Paillas et al. 2012). That
autophagy-mediated chemoresistance may be 7P53-dependent p38MAPK activation of
the tumor (Paillas et al. 2012). It is the current hypothesis that pancreatic cancer cells rely
on the MAPK/ERK pathway for proliferation, migration and metastasis, survival by
uPAR and that aberrant activation of relative pathway signaling could confer drug

resistance.

1.9 Aim of the study

PDACs with gene amplifications of the urokinase plasminogen activator receptor (uPAR)
gene have a poor prognosis. UPAR signaling has been associated with migration,
metastasis and cell proliferation mediated through Ras-ERK signaling. Understanding the
roles of uPAR in human pancreatic adenocarcinoma cells will help to identify targets of
treatment and bring a benefit for PDAC patients. The aim of the project was to establish
uPAR defective cell culture systems in vitro and to investigate the roles of uPAR in

migration, metastasis and cell proliferation and survival in PDAC.



2. Material and Methods

2.1 Material

2.1.1 Tissue

Table 1: Clinical data summary

Pancreatic ductal

Characteristic adenocarcinoma
(n=159)
Gender:
Male (%) 30 (51)
Female (%) 29 (49)
Age median (range, years) 68 (44-82)
Tumor grade:
G 1 (%) 1 (1.7)
G 1-2 (%) 4(6.8)
G 2 (%) 28 (47.5)
G 2-3 (%) 6 (10.2)
G 3 (%) 19 (32.2)
G 4 (%) 1 (1.7)
Tumor stage:
T stage:
T1 (%) 234
T 2 (%) 3(5.1)
T 3 (%) 52 (88.1)
T 4 (%) 234
N stage:
N 0 (%) 15 (25.4)
N 1-3 (%) 44 (74.6)

Median follow-up time (range, day)

430 (4-3871)

Reported deaths (%)

54 (92.5)




2.1.2 Cell lines

Table 2: List of cell lines
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TP53 KRAS
Cell line cDNA Protein cDNA Protein
status status
AsPC-1 mut/mut  ¢.403delT  p.C135fs mut/mut ¢35G>A p.G12D
BxPC-3 mut/mut  ¢.659A>G  p.Y220C  wt/wt
CAPAN-1 mut/mut  c476C>T  p.A159V  mut/mut c¢35G>T p.G12V
CAPAN-2 mut/mut  ¢.375G>T  p.255N wt/mut  c¢.35G>T p.G12V
MIA PaCa-2  mut/mut c¢.742C>T  p.R248W mut/mut ¢35G>T p.G12C
PANC-1 mut/mut  ¢.818G>A  p.R273H mut/mut ¢35G>A p.G12D
PATU8988T mut/mut ¢.844C>T  p.R828W mut/mut c¢.35G>T p.G12V

2.1.3 Chemicals and Kkits

Table 3: List of chemicals, materials and kits

Materials

Company

Fetal bovine serum (FBS)

Gemcitabine

Dimethylsulfoxid (DMSO)

StemMACS™ HSC-CFU Media

DC™ Protein Assay

Solution A, B and S

Penicillin-Streptomycin

L-Glutamin

Gibco, Life Technologies, Carlsbad,
Kalifornien, USA

Sigma-Aldrich, St. Louis, Missouri, USA
Sigma-Aldrich, St. Louis, Missouri, USA

Miltenyi  Biotec, Bergisch Gladbach,
Deutschland

Bio-Rad Laboratories, Miinchen,

Deutschland

Gibco, Life Technologies, Carlsbad,
Kalifornien, USA

Gibco, Life Technologies, Carlsbad,
Kalifornien, USA
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Materials Company

Gibco, Life Technologies, Carlsbad,
RPMI-Medium o

Kalifornien, USA
BigDye™ Terminator v3.1 Cycle Thermo  Fisher Scientific, ~Waltham,
Sequencing Kit Massachusetts, USA
BigDye XTerminator™ Purification Thermo  Fisher  Scientific, =~ Waltham,
Kit Massachusetts, USA

Thermo  Fisher  Scientific, Waltham,
ExoSAP-IT™ PCR Product Cleanup

Massachusetts, USA

‘ Bio-Rad Laboratories, Miinchen,

4x Laemmli Sample Puffer

Deutschland

Bio-Rad Laboratories, Miinchen,
TGS

Deutschland

Magermilchpulver, Blotting grad

Muse™ Count & Viability Kit
MyTaq TM HS Mix

Orthovanadat

Page Ruler Plus Prestained Ladder

PBS Dulbecco (Phosphat Buffered

Saline)

Complete EDTA

PMSF (Phenylmethylsulfonylfluorid)

Ponceau

Puregene® Core Kit A

Re-Blot Strong Solution (10x)

Carl Roth GmbH + Co. KG, Karlsruhe,
Deutschland

Merck KGaA, Darmstadt, Deutschland
Bioline, London, UK
Sigma-Aldrich, St. Louis, Missouri, USA

Thermo Scientific, Massachusetts, USA

Merck KGaA, Darmstadt, Deutschland

Roche
Deutschland

Diagnostics GmbH, Mannheim,

Carl Roth GmbH + Co. KG, Karlsruhe,
Deutschland

Carl Roth GmbH + Co. KG, Karlsruhe,
Deutschland

Qiagen, Hilden, Deutschland

Merck KGaA, Darmstadt, Deutschland
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Company
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Human uPAR Quantikine ELISA Kit

JX 401 (NO.349087-34-9)
10x Tris/Glycine/SDS

Western Lightning Plus-ECL

CellTiter 96 Aqueous One Solution

Reagent
HiPerFect Transfection Reagent

X-tremeGENE™ HP

Transfection Reagent
LB-Medium

G418 solution

QIAGEN Plasmid Maxi Kit 25

Allstars Neg. siRNA

Staurosporine
Isopropanol
Agarose
Kanamycin
Ampicillin
Proteinase K
RNase A
SCH772984
Chloroquine

3-Methyladenine

DNA

R&D Systems, Inc., Minnesota, USA
Tocris Bioscience, Bristol, UK

Bio-Rad Laboratories, Munich, Germany
PerkinElmer, Waltham,USA

Promega, Madison, Wisconsin, USA

Qiagen, Hilden, Germany

Sigma-Aldrich, St. Louis, Missouri, USA

Sigma-Aldrich, St. Louis, Missouri, USA
Sigma-Aldrich, St. Louis, Missouri, USA
Qiagen, Hilden, Germany

Qiagen, Hilden, Germany

Tocris Bioscience, Bristol, UK

Merck Millipore

Roth, Schoemperlenstr, Karlsruhe
Thermo Scientific, Massachusetts, USA
Thermo Scientific, Massachusetts, USA
Qiagen, Hilden, Germany

Qiagen, Hilden, Germany

MedChem Tronica, Sollentuna, SWEDEN
Sigma-Aldrich, St. Louis, Missouri, USA

Sigma-Aldrich, St. Louis, Missouri, USA
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2.1.4 Laboratory buffer and solution

Table 4: List of laboratory buffer

Buffer and solution

Lysis buffer

RIPA solution

10x Tris-buffered saline (TBS)

1x Tris-buffered saline with

Tween 20 (TBST)

Ponceau-Rot solution

Lysogeny broth (LB)-Medium

10 ul PMSF (100 mM), 10 pl Sodium orthovanadate
(100 mM), 40 pl Complete-EDTA, 940 pl RIPA

solution

1x PBS pH 7.4, 0.5% sodium deoxycholate, 1% NP-
40

4.2 g Tris, 26 g Tris-HCL, 292.4 g NaCl, pH 7.4 with
HCl, ddHOto 1 L

10 ml Tween 20, 1 L 10x Tris-buffered saline, 9 L
ddH,O

0.2 g Ponceau Rot, 3 ml Acetic acid, ddH20 to 100

ml

5 g Yeast extract, 10 g NaCl, 10 g Trypton, 1 L
ddH20 pH 7.0, autoclaved

2.1.5 Equipment

Table 5: Summary of equipment

Equipment

Manufacturer

Heraeus flow hood

Standard-Incubator

4° Refrigerator

-20° Refrigerator

Thermo, Fisher Scientific = GmbH,

Schwerte, Germany
BINDER GmbH, Tuttlingen, Germany

SIMENS  Aktiengesellschaft, Munich,

Germany

SIMENS Aktiengesellschaft, Munich,

Germany
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Equipment Manufacturer

Systec VX-100, Autoclave Thermo, Fisher Scientific  GmbH,
Schwerte, Germany

Systec VE-40, Autoclave Thermo, Fisher Scientific = GmbH,
Schwerte, Germany

GFL 1004 Water Bath GFL Gesellschaft fiir Labortechnik
GmbH, Burgwedel, Germany

Heraeus Microbiological Incubator Thermo, Fisher Scientific  GmbH,

B12

IK A Vibrax-VXR Orbital Shaker

IKA Vibrax-RCT basic

Sanyo MDF-592 Laboratory Freezer

Nalgene® Cryo 1°C Freezing

Container

Eppendorf Centrifuge 5424

Eppendorf Centrifuge 5804

Eppendorf ThermoMixer comfort

Trans-Blot®  Turbo™  Transfer

System

Polymax 1040 Shakers & Mixers

Analytical Balance Sartorius

Research R200D

Zeiss Axiovert 25 mycrosocpy

Schwerte, Germany

KA-Werke GmbH & Co. KG, Staufen,

Germany

KA-Werke GmbH & Co. KG, Staufen,

Germany
SANYO Electric Co., Ltd., Osaka, Japan

Thermo, Fisher Scientific = GmbH,

Schwerte, Germany

Eppendorf Vertrieb Deutschland GmbH,

Wesseling-Berzdorf, Germany

Eppendorf Vertrieb Deutschland GmbH,

Wesseling-Berzdorf, Germany

Eppendorf Vertrieb Deutschland GmbH,

Wesseling-Berzdorf, Germany

Bio-Rad Laboratories GmbH, Feldkirchen
Heidolph Instruments GmbH & Co.KG,
Schwabach, Germany

Sartorius AG, Gottingen, Germany

Carl Zeiss AG, Oberkochen, Germany



Equipment

Manufacturer

21

Merck's Muse Cell Analyzer
Scotsman AF 80

Olympus BX41

Olympus IX81 Laser Confocal

Microscopes

Fusion Fx Vilber Lourmat

Merck KGaA, Darmstadt, Germany
SCOTSMAN, Milan, Italy

Olympus Europa SE & Co. KG, Hamburg,

Germany

Olympus Europa SE & Co. KG, Hamburg,

Germany

Vilber

Lourmat

Deutschland GmbH,

Eberhardzell, Germany

The peqSTAR 2X VWR International, Pennsylvania, USA
Applied Biosystems 3500 Genetic Thermo, Fisher Scientific ~ GmbH,
Analyzer Schwerte, Germany
QIAxecl Advanced DNA screen Qiagen, Hilden, Germany
BD FACSAria™ 11 sorter BD Biosciences, San Jose, USA
Nano2000 Drop Thermo, Fisher Scientific = GmbH,
Schwerte, Germany

2.1.6 Antibodies

Table 6: Summary of antibodies
Antibodies (phosphorylated site) Manufacturer ?;:tion 2" antibody
p38MAPK(Thr180/Tyr182) Cell Signaling 1:1.000 Rabbit IgG
p44/42 MAPK (Thr202/Tyr204) Cell Signaling 1:1.000 Rabbit IgG
pSrc (Tyr416) Cell Signaling 1:1.000 Rabbit IgG
pFAK (Tyr397) Cell Signaling 1:1.000 Rabbit IgG
pCDC42 (Ser71) Cell Signaling 1:1.000 Rabbit IgG
p62 (Ser403) Cell Signaling 1:1.000 Rabbit IgG




22

Dilution

Antibodies (Clone) Manufacturer . 2" antibody
Cyclin B(D5C10) Cell Signaling 1:1.000 Rabbit IgG
FoxM1 (D12D5) Cell Signaling 1:1.000 Rabbit IgG
LC3B (D11) Cell Signaling 1:1.000 Rabbit IgG
E-Cadherin (24E10) Cell Signaling 1:1.000 Rabbit IgG
TCF8/ZEB1 (D80D3) Cell Signaling 1:1.000 Rabbit IgG
N-Cadherin (D4R1H) Cell Signaling 1:1.000 Rabbit IgG
Vimentin (D21H3) Cell Signaling 1:1.000 Rabbit IgG
Z0-1 (D7D12) Cell Signaling 1:1.000 Rabbit IgG
Snail (C15D3) Cell Signaling 1:1.000 Rabbit IgG
Slug (C19G7) Cell Signaling 1:1.000 Rabbit IgG
B-Catenin (D10AS) Cell Signaling 1:1.000 Rabbit IgG
Claudin-1 (D5SHID) Cell Signaling 1:1.000 Rabbit IgG
Glutamine Synthetase Sigma 1:1.000 Rabbit IgG
KRAS (NO.240005) Cell biolabs 1:500 Rabbit IgG
MTHFD2 Abnova 1:1.000 Mouse-IgG
PARK?7 Abcam 1:1.000 Rabbit IgG
B-Actin Cell Signaling 1:1.000 Rabbit IgG
GADPH Sigma-Aldrich 1:1.000 Rabbit IgG
B-Actin Sigma-Aldrich 1:1.000 Mouse-IgG
Alexa488 Life Technologies 1:1.000 Rabbit IgG
Alexa555 Life Technologies 1:1.000 Mouse-IgG




2.1.7 Plasmids

Table 7: Summary of plasmids
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Plasmids Company

U6gRNA-CAS9-2A-RFP

Sigma-Aldrich, St. Louis, Missouri, USA

U6gRNA-CAS9-2A-GFP

PLAUR OriGene Technologies, Inc. Maryland, USA

(NM_002659) (CAT: RG201222)

2.1.8 Small interfering RNAs

Table 8: Summary of siRNAs

Targets Name Cat. No.
KRAS 1 Hs KRAS2 8 S102662051
KRAS 2 Hs KRAS2 3 S100071015
P38MAPK 1 Hs MAPK14 5 S100300769
P38MAPK 2 Hs MAPK14 7 S100605164
FAK 1 Hs PTK2 5 S100287791
FAK 2 Hs PTK2 9 S100301532
CDC42 1 Hs CDC42 15 S100287791
CDC422 Hs CDC42 7 S102757328
ATGS Hs APGSL 6 S10265531




2.1.9 gRNAs and primers

Table 9: gRNAs and primers
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Targets Sense (5°—3°)

uPAR Forward CATGCAGTGTAAGACCCAACGGGGA
uPAR Reverse AATAGGTGACAGCCCGGCCAGAGT
GAPDH Forward GGTGGTCCAGGGGTCTTACT
GAPDH Reverse CGACCACTTTGTCAAGCTCA

gRNA 1 GGACCCTGAGCTATCGGACTGG
gRNA 2 AGGTAACGGCTTCGGGAATAGG
uPAR CRISPR GFP Forward CTGTCCCCATGGAGTCTCAC

uPAR CRISPR GFP Reverse CATCCAGGCACTGTTCTTCA

uPAR CRISPR RFP Forward CTGGAGCTGGTGGAGAAAAG
uPAR CRISPR RFP Reverse GGATTGGGATGATGATGAGG

* All primers used for PCR were designed using Primer 3 (http://simgene.com/Primer3) and tested by

primer-BLAST search (National Center for Biotechnology Information).

2.1.10 Software

Table 10: List of software

Software Company

National Institutes of Health and the Laboratory, Bethesda,

Image J Version 1.52j

USA
Geneious 11.0.4 Biomatters Ltd., Aukland, Neuseeland
i-control™ Tecan Trading AG, Ménnedorf, Schweiz
Fusion Vilber Lourmat, Collégien, Frankreich
Magellan™ Tecan Trading AG, Ménnedorf, Schweiz
Microsoft Excel Microsoft Corporation, Redmond, Washington, USA

GraphPad Prism 7 GraphPad Software, La Jolla, Kalifornien, USA
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2.2 Methods

2.2.1 Human tissue

Tissue sample from 59 PDAC patients were provided by the Institute of Pathology of the
Medical Center Gottingen (Table 1). The study was approved by the ethics committee of
the University Medical Center Gottingen (GO 912/15).

2.2.2 Immunohistochemical stainings

Tissue samples were arranged on tissue microarrays (TMA) before immunostaining.
Immunohistochemical reactions were performed on a Dako AutoStainer Link 48 (Dako).
2 um tissue sections of TMAs were incubated in EnVision Flex Target Retrieval Solution
(Dako), pH high or low, depending on specific antibody, followed by incubation with the
primary antibody Phospho-p38MAPK (Thr180/Tyr182) (D3F9) XP® Rabbit mAb #4511
at room temperature (RT) for 20 min. Immunodetection was performed with a polymeric
secondary antibody coupled to HRPO peroxidase (EnVision Flex+, Dako) and DAB
(Dako). Tissue samples were analyzed by light microscopy after counterstaining with

Meyer’s haematoxylin and evaluated for positive or negative staining.

2.2.3 Cell culture

The human pancreatic cancer cell lines AsPC-1, MIA PaCa-2, BxPC-3, PANC-1,
CAPAN-2, PATUS98S8T cell lines were purchased from American Type Culture
Collection (ATCC), maintained in RPMI-1640 supplemented with 10 % fetal bovine
serum, 1 % penicillin G sodium and streptomycin sulfate, 1 % D-glucose and L-glutamine
(Complete RPMI). The CAPAN-1 cell line was cultured in Dubecco’s Modified Eagle’s
Medium supplemented with 10 % fetal bovine serum, 1 % penicillin G sodium and
streptomycin B and 1 % glutamine and D-glucose. Cells were maintained in a humidified
incubator at 37 °C and 5 % CO> and medium was refreshed every 72 h. Cultures were

passaged in a 1:4 dilution upon 80 % confluence (cells were under 30 passages).
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2.2.4 Protein isolation and western blot

The cell pellet was resuspended in a cell number dependent volume of RIPA lysis buffer
(see Materials 2.1.4) and incubated on ice for 30 min. The lysate was centrifuged at
14,000 rounds per minute (RPM) at 4 °C for 30 min and the supernatant was transferred
to a fresh tube. Protein concentration was measured with DC™ protein assay. Solution S
was diluted 1:50 in solution A. 20 ul of this mixture were added to a 96-well plate. 2 pl
protein lysate was added and 200 pl solution B was added and incubated for 10 min at
RT. The absorbance was measured by Tecan microplate reader Infinite® M2000 Pro
(Software: Magellan™, Tecan) and the concentration was calculated according to an
internal standard curve. 20 pg protein per sample was dissolved in sample buffer, which
consisted of 0.25 M Tris-HCI (pH 6.8) containing 5 % (mass/volume) sodium dodecyl
sulphate, 5 % (volume/volume) 2-mercaptoethanol, 8 M urea and 0.01 % (mass/volume)
bromophenol blue. SDS-PAGE (10 %) gels were loaded with a total volume of 20 ul per
sample and run 15 min at 80 voltage following one hour at 125 V. Proteins were electro-
transferred as a transfer mini model (Trans-Blot Turbo transfer system) for 7 min onto
Immobilon PVDF. The membrane was blocked in 5 % fat-free milk for one hour at RT
and subsequently incubated and shaking with primary antibody diluted in Tris buffered
saline with Tween 20 (TBST) (Table 2) at 4 °C overnight. On the second day, the
membrane was rinsed 3 times for 10 min at RT in phosphate buffered saline (PBS) with
0.1 % Tween20. Next, the membrane was incubated with secondary antibody (Table 2)
diluted in TBST for 1 h at RT. Scanning of the membrane was performed on a Fusion
Imaging System (The Fusion) using automatically exposure. A prestained protein ladder

PageRuler Plus was used.

2.2.5 Enzyme linked immunosorbent assay (ELISA)

Cell lysates were diluted 10-fold and 50 pl of cell lysates or standard was added into every
well containing 100 pl of assay diluent RDIW. Wells were covered with the adhesive
strip provided and incubated for 2 h at RT. Supernatant was aspirated and each well was
washed three times with 400 pl wash buffer. 200 pl of human uPAR conjugate was added
into each well, covered with a new adhesive strip and incubated for 2 h at RT. Then the
supernatant was removed and 200 pl of substrate solution was added to each well. The

samples were incubated for 30 min at RT and protected from light before the reaction was
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stopped with 50 pl of stop solution. The absorbance was measured within 30 min by using
a microplate reader set to 450 nm and reference set to 540 nm. Subsequently the
concentration per 10° cells of uPAR was calculated with the help of the generated

standard curve.

2.2.6 Viability assays

Viability assays were performed using MTS [3-(4,5-dimethylthiazol-2-yl)-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt] assay. 10° Cells
were plated in microtiter culture plates in a total volume of 100 ul/well. After overnight
incubation the medium was exchanged by 200 pl new medium with increasing
concentrations of gemcitabine and p38MAPK inhibitors or DMSO control. Before
measurement, 20 pl of 5 m/ml MTS were added to each well, followed by an incubation
for 2 h at 37 °C and 5 % CO,. Absorbance was measured at 570 nm and 460 nm as
reference in a microtiter plate reader (Tecan infinite 200pro). All experiments were
performed at least in triplicates. Measured values of different concentrations were
averaged, background absorbency was subtracted and values were expressed as
percentage compared to untreated control cells (cell viability). The half maximal
inhibitory concentration (IC50) or growth curve was estimated by plotting drug

concentrations against cell viability assuming a linear relation.

2.2.7 Wound healing assay

Scratches (wounds) were created by scraping the 100 % confluent cell monolayer with a
100 pl sterile tip after incubating cells for 24 h with medium containing 1 % FBS. The
wounded cultures were washed twice with cold sterile PBS to remove detached cells and
then maintained with 1 % FBS medium. The wound closure was monitored after 0 h, 24
h, 48 h, 72 h with an inverted Leica microscope equipped with a Canon EOS 650D
camera. The relative cell migration distance was calculated based on the distance the cells

migrated into the wound area and expressed as percentage of control.
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2.2.8 Extraction of DNA

For DNA isolation the puregene core kit A from Qiagen was used. Trypsinized cells were
centrifuged and the pellet was resuspended in 300 pl lysis plus 10 pl Proteinase K and
incubated for 1 h at 55 °C. After addition of 1.5 pl RNase A solution the lysate was
incubated for 10 min at 37 °C. The lysate was placed on ice for one minute. 100 pl protein
precipitation solution was added and vortexed for 15 sec. The lysate was centrifuged at 4
°C and 14,000 RPM for 5 min. The supernatant was removed into a new tube. 300 pl 100
% isopropanol were added and the tube was inverted 30 x. After centrifugation (1,400
RPM) the DNA pellet was washed with 300 pl 70 % ethanol and centrifuged again. The
supernatant was removed. The pellet was dried shortly before it was resuspended in 50 pl
Hydration Solution. Quantification and purity assessment of total DNA was completed
by using the NanoDrop spectrophotometer (Nano2000 Drop Thermo scientific). DNA
was considered pure if the ratio of absorbance readings at 260 nm and 280 nm was

between 1.8 and 2.1. The DNA was stored at - 20 °C.

2.2.9 Mixture for polymerase chain reaction (PCR) reaction

Table 11: Summary of parameters and program of PCRs

PCR program for screen of KO

Reagents volume (pl)
MyTaq Mix, 2x 12
Primer forward 0.5
Primer reverse 0.5
Sample template 1
ddH20 8
Total 20
The parameters of PCR
Temperature Time

Initial denaturation 95 °C 3 min
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Start cycle, 45x
Denaturation
Annealing
Elongation
Final elongation

Storage

95 °C

60 °C

72 °C

72 °C

4°C

15 sec

15 sec

25 sec

2 min

Component of PCR mixture reaction for Cycle Sequence

Reagents

5x Big Dye buffer
5x Big Dye
Sequencing primer
ExoSAP DNA
ddH20

Total

volume (pl)
1,5
1
3.2
2
2,3

10

The PCR of ExoSAP Cleanup

Reagents
ExoSAP
ddH20

PCR Product

volume (pl)
2
2

10

The parameters of ExoSAP Cleanup

Initial denaturation
Start cycle, 25x
Incubation 1

Incubation 2

Temperature

37°C

37°C

80 °C

Time

30 sec

15 sec

15 sec
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Continue table

Close cycle

Store forever 4 °C 0

The sequence parameters of Cycle Sequencing

Temperature Time
Initial denaturation 96 °C 1 min
Start cycle, 25x
Denaturation 96 °C 10 sec
Elongation 60 °C 3 min
Close cycle
Store forever 4°C 0

2.2.10 Plasmid DNA isolation and purification from Escherichia coli (E. coli)

E. coli bacteria carrying the clustered regularly interspaced short palindromic repeats
(CRISPR) plasmids were added in 50 pl of LB medium at 37 °C. Kanamycin was used
for the screening of competent E. coli. A resistance to kanamycin was designed into the
CRISPR plasmid. The isolation of plasmid DNA was completed with the QIAGEN

plasmid maxi kit according to the manufacturer’s instructions.

2.2.11 E. coli bacteria for CRISPR plasmids

1 pl of CRISPR plasmid mix was added into the E. coli medium before E. coli bacteria
was inserted into ice for 20 min. The mixture was heated at 42 °C without shaking for 45
sec after incubation for 30 min on ice. The bacteria were rescue on ice for 1 min and
transformed into the tube with 400 ul LB medium and mixed gently. The mixture was
incubated with shaking at 420 rpm for 1 hour at 37 °C. After incubation 10-100 pl of the
bacteria solution were removed on LB-agar plates (kanamycin 100 pg/ml) by pipette and

incubated at 37 °C for one night.
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2.2.12 Generation of uPAR knock out cells using transient CRISPR/Cas9 vector

constructs

Cells were transfected with the two CRISPR/Cas9 constructs pCMV-Cas9-RFP and
pCMV-Cas9-GFP as described in 2.1.7 and 2.1.9 using the X-tremeGENE HP DNA
transfection reagent (Merck), according to the manufacturer's instructions. 72 h post-
transfection, green and red double positive cells were sorted by fluorescence activated

cell sorting (FACS) and single cells were cultured in a 96-well plate.

2.2.13 Fluorescence activated cell sorting (FACS) of transfected cells

The cells were carefully resuspended and transferred to a common 15 ml Falcon tube.
FACS sorting was carried out at the core facility at the University Medical Center
Gottingen. Single cells with both GFP and RFP signals was sorted into a 96-well plate
containing 100 pl/well complete RPMI medium. The cells were incubated under the same
conditions before transfection. The old medium was replaced with the fresh medium
every three days. After 3 weeks the cells were transferred to a 6-well plate. When cell

density was up to 80 %, isolations of DNA from 6-well plate performed genetic analysis.

2.2.14 Small interfering RNA experiments

Unless stated otherwise cells were transfected with 80 nM siRNA with HiPerFect
transfection reagent by manufacturer. Transfection medium mixture: 9.6 pl siRNA, 12 pl
HiPerFect, RPMI without FCS up to 100 pl. The mixture was incubated at RT for 25 min
and added to 300,000 cells in 2 ml medium per well for 6 well-plate. Cells were incubated
for 24 h or 48 h before further processing. A summary of the siRNAs used is shown in
Table 3.

2.2.15 KRAS activity measurement.

A KRAS activation assay (STA-400-K-T, Cell Biolabs) was performed according to the
manufacturer’s recommendations. Briefly, 1 mg protein lysate was subjected to Rafl
RBD agarose beads and incubated at 4 °C for 1 h under agitation. Beads were pelleted at
14,000 RPM for 10 sec and the supernatant was discarded. After three washing steps the
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supernatant was carefully removed and the bead pellet was resuspended in 4x Laemmli
buffer. The mixture was boiled for 5 min and centrifuged for 10 sec at 14,000 RPM. 20

ul of the supernatant was subjected to a western blot.

2.2.16 Confocal laser scanning fluorescence microscopy

Cells were plated on coverslips in a 12 well-plate at a density of 3 x 10° cells/ml one day
before the experiment. Cells were fixed with cold (-20 °C) methanol or acetone on ice for
5 min, washed with PBS and blocked with 1 % FCS in PBS at RT for 30 min. Primary
antibody incubation was carried out in PBS at 4 °C overnight. Alexa 488 or 555-
conjugated secondary anti-rat or anti-mouse antibodies were used for 2 h incubation at
RT. After washing with PBS, sample analysis was done by using an Olympus IX81
confocal laser scanner microscope equipped with an HCX PL APO 63 x 1.4 oil CS

objective in combination with Leica confocal software.

2.2.17 Colony formation assay

To produce a single-cell suspension, trypsinized cells were resuspended and diluted to
the desired cell concentration of 5 x 10° cells/ml. 0.8 ml of the cell suspension were
transferred into a sterile tube containing 3.2 ml HSC-CFU basic media and mixed gently
by pipette while avoiding any air bubbles. The cells were transferred to a sterile dish in
triplicates and incubated at 37 °C and 5 % COxz. Clones were screened with a microscope

every two days until cells in control dishes had formed sufficiently large clones. Cell

counting was performed using a stereomicroscope and an automatic counting system.

2.2.18 Statistical analysis

Statistical analysis was performed using GraphPad 7.0e and expressed as Mean = SEM.
Two group comparisons were performed using student’s t-test. Cell growth and resistance
comparison were analyzed using One-way ANOVA. Survival analyses were performed
using the Kaplan-Meier method and tested using Log-Rank (Cox-Mantel) test. A p value
of < 0.05 was considered significant (* p < 0.05, ** p <0.01, *** p <0.001).
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3. Results

3.1 Immunohistochemistry of uPAR in clinical PDAC tissue samples

shows prognostic significance

It was previously shown that uPAR gene amplification in PDAC correlates with poor
prognosis (Hildenbrand et al. 2009). Immunohistochemical staining of uPAR in a cohort
of 59 patients (Table 1) revealed that also the protein expression level of uPAR has
prognostic value. Patients with high uPAR signals had a significantly shorter overall
survival (OS) than patients with low uPAR levels (median survival time in patients with
high uPAR: 323 days, patients with low uPAR: 704 days, Cox-Mantel test, 95 %
confidence interval 1.35 to 3.51, p <0.05) (Fig. 4).

- UPAR low
—— UPAR high

p <0.05
50

Percent survival

0 1000 2000 3000 4000
Overall survival (days)

Figure 4: Prognostic significance of uPAR expression in PDAC. Kaplan-Meier analysis of the overall
survival of patients with pancreatic cancer, according to the expression level of uPAR IHC H-score.
Significantly shorter median survival in patients with tumors with high-H-score (red) compared to tumors

low-H-score (blue). Kaplan-Meier analysis, Cox-Mantel-test, p < 0.05.
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To address the functional aspects of uPAR in vitro, we evaluated uPAR levels in a panel
of seven human PDAC cell lines (AsPC-1, BXxPC-3, CAPAN-1, CAPAN-2, MIA PaCA-
2, PATUS8988T and PANC-1) by ELISA (Fig. 5A). This revealed AsPC-1 as the cell line
with the highest and PANC-1 with the lowest uPAR level (Fig. 5A). Therefore, AsPC-1
was chosen to further study the function of uPAR by the generation of a specific

CRISPR/Cas9 knock out (KO).

3.2 gRNAs design, clone selection and mutation screening

Two gRNAs direct against exon 3 and 4 of uPAR were selected from a gRNA library
provided by Sigma (sigmaaldrich.com) and purchased as CRISPR-Cas9-GFP/RFP all-
one-in plasmids as listed in section 2.1.9. Fig. 5B shows the genomic map, the locations
and sequences of the guide RNAs. Cell culture and the transfection of the combined
plasmids were performed as described in the sections 2.2.3 and 2.2.12. The transfection
efficiency and the activity of the CRISPR/Cas9 were monitored via fluorescence signals
24 h after transfection (Fig. 6A). The primers used to amplify the relevant genomic

fragments are summarized in Table 4.
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Figure 5: uPAR expression in seven PDAC cell lines and gRNAs map. A: Verification of uPAR
expression by ELISA in seven pancreatic cancer cell lines. Results are presented as mean = SEM from 3
different. B: Schematic representation of the strategy used to generate uPAR mutants by CRISPR/Cas9.
Double-stranded gDNA breaks were produced by Cas9 in uPAR exons 3 and 4.

3.3 Establishment of functional uPAR KO mutants in AsPC-1

Two AsPC-1 uPAR KO (uPAR™) clones (clone 12, 14) were initially chosen. These
clones contained a deletion on one allele in combination with a smaller gRNA target
specific out of frame mutation on the second allele leading to a functional homozygous

uPAR KO (Fig. 6B-E). uPAR"- was confirmed ELISA as described in section 2.2.5. In
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clones 12 and 14 the level of uPAR protein was reduced to background levels (Fig. 7A)
(p < 0.05). Therefore, the AsPC-1 uPAR’ clones 12 and 14 were chosen for further

functional analyses.
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Figure 6: Molecular analysis of uPAR™ clones. A: GFP and RFP double positive cells were FACS sorted
for single cell cultivation. B: gRNA target site specific PCR revealed a heterozygous deletion. C and D:
Small mismatch repair errors in both gRNA target sites and E: a large deletion was observed by Sanger

sequence analysis.
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3.4 Phenotypic analysis of AsPC-1 uPAR™ cells shows decreased cell
growth, reduced migration and increased mesenchymal to

epithelial transition (MET)

To characterize the phenotype of the uPAR” clones we first investigated analysed cell
proliferation and motility (Aguirre Ghiso et al. 1999; Aguirre-Ghiso et al. 2001; Nguyen
et al. 1999; Smith et al. 2008). This revealed a reduced cellular growth for the uPAR™"
clones 12 and 14 in comparison to AsPC-1 WT (Fig. 7B). uPAR"" cells had also a severe
reduction of their migratory ability as shown in Fig. 8A and B.
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Figure 7: uPAR" validation and cell growth analysis. A: ELISA analysis of WT and uPAR KO clones.
Percentages of WT and KO clone exhibiting a significant reduction of uPAR levels. B: Cells growth

analysis over a 6-day period showed a significant slower growth for uPAR KO clones (n = 6).

This observation suggested that uPAR was involved in cellular pasticity. Since it is also
known that uPAR-initiated cell signaling induces EMT (Jo et al. 2009b; Lester et al. 2007)
we investigated uPAR”- AsPC-1 for the expression of eight specific EMT markers. This
revealed a clear dominant expression of epithelial markers like E-cadherin, B-catenin,
claudin-1, slug and N-cadherin in the uPAR’ clones whereas the stromal markers

vimentin, ZEB1 and ZO-1 were suppressed compared to AsPC-1 WT cells (Fig. 8C). In



38

addition confocal microscopy studies showed reduced actin filaments and more cell-cell
junctions in uPAR”" cells (Fig. 9A). Taken together, the finding suggested that uPAR has
a critical role in regulating the EMT/MET process.
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Figure 8: uPAR™" reduces cell migration and induces MET in PDAC cells. A: Cells were cultured in 1
% FBS overnight before scratching with sterile 100 pl tips. B: Statistical analysis of migration ability of
uPAR™ cells. C: EMT/MET markers were investigated by western blot. GAPDH was used as housekeeping

gene.

3.5 Effects of uPAR on cell survival and apoptosis

To investigate whether uPAR modulates apoptosis (Wykosky et al. 2015), cells were
treated with 1 uM staurosporine for 24 h. Western blot analysis of caspase-3 and poly
ADP ribose polymerase (PARP) showed no cleavage or activations of either treated

uPAR”- or AsPC-1 WT cells (Fig. 9 B).
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Figure 9: uPAR"- influences cellular plasticity but not apoptosis. A: Phalloidin staining (red) of WT and
clonal cells revealed less stress fibers in uPAR” cells. B: Induction of apoptosis with staurosporine 1 pM
or without for 24 h. Detection of potential targeted proteins using antibodies against PARP and Caspase 3

by western blot. GAPDH was used as a housekeep gene.

Further, three-dimensional culturing assays were performed to detect the impact of uPAR
on cell growth and tumorigenesis as described in section 2.2.17. uPAR™" cells were greatly

inhibited in their colony-forming ability (Fig. 10A).
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Figure 10: Knockout of #uPAR influences tumorigenicity in AsPC-1 cells. A: Colony formation of AsPC-
1 cells in soft agar was measured during 14-day-incubation and counted as relative numbers of colonies
(three types of holoclone, paraclone, and meroclone). B: Quantitative analysis of CFU in AsPC-1 and
uPAR™" cells. Data presented as mean + SEM. Data represent three independent experiments.

Quantitative analysis showed that colony forming units (CFU) were significantly
decreased (p < 0.05) in all KO clones in comparison to AsPC-1 WT cells (Fig. 10B). The
so-called holoclones have the best reproductive capacity of the three types of clones
(holoclones, paraclones and meroclones) (Fig. 10A). The holoclone ratio against
paraclones and meroclones was greatly decreased in all uPAR" clones compared to
AsPC-1 WT. Together with the increased migratory ability these data suggest that uPAR
is a regulator of tumor progression, which potentially could be a promising therapeutic

target to suppress the metastatic capabilities of pancreatic cancers.

3.6 uPAR ablation and FAK activation in AsPC-1 induces

gemcitabine resistance independent of ERK

Wu et al. reported that phosphorylated focal adhesion kinase (FAK) contributes to
intrinsic chemoresistance against gemcitabine in pancreatic cancer cell lines (Huanwen
et al. 2009). We therefore tested uPAR clones for their response towards gemcitabine.
Cells were treated with three concentrations (0.1, 0.5 and 1 uM) gemcitabine over 72 h
and cell viability was tested as described in section 2.2.6. This revealed a strong resistance
of uPAR ablated cells over a wide range of increasing concentrations of gemcitabine
compared to uPAR WT cells (Fig. 11A). To investigate whether FAK activity is related
to the gemcitabine resistance in uPAR” AsPC-1 we knocked down FAK by specific
siRNAs. Interestingly, this increased ERK activity in all cells and decreased CDC42 and
p38MAPK activity only in uPAR" cells (Fig. 11C). The FAK knock down also
significantly recovered the gemcitabine resistance in uPAR” clones but not in AsPC-1

WT cells (Fig. 11D).
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Figure 11: uPAR” clones activate FAK and MAPK signaling and induce resistance against
gemcitabine. A: Cell viability measurement after gemcitabine treatment (0.1, 0.5, and 1 pM) in AsPC-1
WT and uPAR”" clones over 72 h. B: FAK, CDC42, p38MAPK and autophagy activation in uPAR"" cells.
C: Western blot analysis of pERK, p-p38MAPK, p62 and LC3B in AsPC-1 and uPAR” clones after siRNA
knockdown of FAK. D: Cell viability after specific FAK knock down by siRNA and treatment with
gemcitabine (0.1 pM) over 72 h. Data is shown as mean = SEM of at least four independent replicates

experiment.

3.7 uPAR™ initiates pFAK and activates CDC42-p38MAPK mediated
autophagy and negatively regulates ERK
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It has been described that chemoresistance of tumor cells confers p38MAPK induced
autophagy (Paillas et al. 2012). uPAR ablation resulted in constitutive activation of
CDC42, p38MAPK and enhanced protein levels of the autophagy markers LC3B and p62
(Klionsky et al. 2016). This indicates that uPAR induces autophagy via p38MAPK (Fig.
11B) (Zhou et al. 2017). For the functional validation of the p38MAPK signaling we
knocked down CDC42 and p38MAPK by siRNAs. Knock down of FAK by siRNA
decreased CDC42 and p-p38MAPK levels in uPAR ablated cells (Fig. 11C). Knocking
down CD(C42 decreased p38MAPK activity but also strongly activated ERK in all cell
types (Fig. 12A). In addition, siRNAs against CDC42 also reversed the resistance against
gemcitabine in uPAR™ as seen in FAK knock down cells (Fig. 12B). In uPAR" clones
knockdown of p38MAPK and CD(C42 strongly decreased p62 and LC3B proteins (Fig.
12C). Also, the down regulation of p38MAPK significantly increased the susceptibility
towards gemcitabine (Fig. 12D). The pharmacologic inhibition of ERK increased
p38MAPK and autophagy whereas the inhibition of p38MAPK reduced autophagy
markers and significantly reduced the resistance against gemcitabine in uPAR”" cells (Fig.
12E and F). These results further confirmed the link to autophagy through LC3B

activation.
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Figure 12: uPAR” clones activate FAK and SRC signaling and induce autophagy dependent
resistance against gemcitabine. A: Western blot analysis of pERK, p-p38MAPK, p62 and LC3B in AsPC-
1 and uPAR” clones after siRNA knockdown of CDC42 and (B) gemcitabine response (0.1 uM). C:
Western blot analysis of p62 and LC3B in AsPC-1 and uPAR” clones after siRNA knockdown of
p38MAPK and (D) gemcitabine response (0.1 pM). E and F: Western blot of pERK, p-p38MAPK, p62 and
LC3B and cell viability after inhibition of p38MAPK with JX401 (3 uM) in AsPC-1 and uPAR” clones
treated with gemcitabine (0.1 pM).

3.8 uPAR induces a functional switch from FAK/p38MAPK to ERK

signaling

It was previously shown in other cancers that uPAR can switch p38MAPK to Ras-ERK
signaling (Aguirre-Ghiso et al. 2001; Gandhari et al. 2006; Laurenzana et al. 2017).
Knock down of FAK by siRNA resulted in strong activation of pERK in especially in
AsSPC-1 uPAR™" cells (Fig. 11C). To test whether ERK influenced gemcitabine resistance
in uPAR™" cells, we used the specific ERK inhibitor SCH772984. SCH772984 treatment
increased autophagy in AsPC-1 WT as well as in uPAR” cells (Fig. 13A). However, ERK
inhibition massively increased the resistance against gemcitabine in WT, but did not have

any effect in uPAR” cells (Fig. 13B).
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Figure 13: Pharmacologic inhibition of ERK show different effects in AsPC-1 than in uPAR”" clones.
A: Western blot analysis and (B) cell viability after gemcitabine treatment (0.1 uM) of ERK inhibited
AsPC-1 and uPAR™ clones with SCH772984 (3 uM).
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3.9 KRAS regulates uPAR expression and gemcitabine responsibility

In a next step, we tried to evaluate how much of the effects described above depend on
KRAS signaling. AsPC-1 cells harbor an KRAS activating p.G/2D mutation. KRAS
activity was not different in AsPC-1 uPAR” compared to AsPC-1 WT (Fig. 14A).
Knockdown of KRAS by siRNA in uPAR" cells showed a significantly decrease in uPAR
levels (Fig 14C) and showed only a minor increase of pFAK, p-p38MAPK and autophagy
(Fig. 14B). At the same time KRAS knockdown rendered the cells more chemoresistant,

whereas WT cells became more susceptible towards gemcitabine (Fig. 14A).
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Figure 14: KRAS shows different effects in AsPC-1 than in uPAR™ clones. (A) KRAS measurement
shows a constitutive high activity in WT and KO AsPC-1 cells. (B) Western blot of KRAS siRNA knock
down cells. (C) ELISA measurement of uPAR expression after 48 h KRAS siRNA knock down in AsPC-1
WT and uPAR™ clones. (D) Cell viability measurement after gemcitabine treatment (0.1 uM) in AsPC-1
WT and uPAR™ clones with KRAS knock down.

3.10 Gemcitabine resistance can be reverted by inhibiting autophagy

in uPAR™ cells

It has been shown that autophagy promotes tumor cell survival and contributes to therapy
resistance (Amaravadi et al. 2011; Kondo et al. 2005; Levy et al. 2017). In addition, it has

been suggested that increased autophagy in PDAC is responsible for gemcitabine
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resistance and that autophagy inhibitors could improve drug response (Bryant et al. 2019).
To investigate whether increased autophagy in uPAR’ clones is responsible for
gemcitabine resistance, we inhibited autophagy with 3-methyladenine (3-MA) or
chloroquine (CQ). Even though protein levels of p62 and LC3B were largely unaltered
upon treatment with 5 pM of either inhibitor, p38MAPK was inactivated and gemcitabine
resistance was reduced in AsPC-1 uPAR” but not in WT cells (Fig. 15A and B).
Nevertheless, immunofluorescence analysis of LC3B and of p62 in AsPC-1 uPAR” and
WT cells clearly revealed that autophagy inhibition with 3-MA for 24 h increased
autophagosome formation in uPAR"~ compared to WT cells (Fig. 15C).
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2-phenylindole dihydrochloride (DAPI, blue).
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3.11 p38MAPK signaling and autophagy induce cellular dormancy

Autophagy has been described to promote survival of dormant tumor cells (Lu et al. 2008;
Sosa et al. 2014). uPAR, p38MAPK and autophagy have also been connected to
glycolysis, quiescence and survival of dormant cancer cells. We therefore tested
glutamate-ammonia ligase (GLUL), methenyltetrahydrofolate cyclohydrolase 2
(MTHFD?2) as representatives of glycolysis (Laurenzana et al. 2017) and cyclin Bl
(CNNB1) and forkhead box protein M1 (FOXM1) as markers of p38MAPK induced
dormancy and quiescence (Gillespie et al. 2015; Huang et al. 2014; Vera-Ramirez et al.
2018). Western blot analyses revealed no change of GLUL in uPAR”" clones compared
to WT. However, MTHFD2, FOXM]1 and CNNB1 were less abundant in uPAR” than in

WT (Fig. 16), indicating that uPAR prevents cellular dormancy in pancreatic cancer cells.
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Figure 16: uPAR regulated dormancy markers. Western blot analysis of cellular dormancy related

factors in AsPC-1 and uPAR™ clones.

3.12 Re-expression of uPAR partially restores gemcitabine sensitivity

To evaluate whether uPAR restores the phenotype of AsPC-1 uPAR” cells, we stably
transfected cells with a human uPAR gene expression vector and uPAR protein levels
were assessed by ELISA (Fig. 17A). We found that restored uPAR strongly inhibited
p38MAPK activation while it had no impact on pERK compared to the parental cell clone
14 (Fig. 17B). uPAR rescue markedly restored the sensitivity to gemcitabine compared
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to parental cells and the inhibition of p38MAPK had no effect on the cytotoxicity (Fig.
17C). Furthermore, we found that rescued uPAR could in part restore the migratory
capacity of the cells (Fig. 17D).

H clone 14 clone 14 Rescue 14 AsPC WT
304 M rescue 14
< pERK
5 —
g 201 P-p38 | em— -
<
o
% ATGE | w— e
E‘ 10+
GAPDH [ S —
0-
C D
** Il AsPC WT
H clone 14
Fokk Bl rescue 14 *** Jekk
1007 %%k ' k%%
< 754 =
-
5 8
& S
K
2 7 T 50+
K: B
& 25 &’
O= 0-
Gem (0.1uM) + + + + 0 ofh e
JX401 3 uM) - + -

clone 14 rescue 14

Figure 17: uPAR rescue reduces p38MAPK and recovers the migratory ability. A: Verification of
rescue UPAR expression by ELISA. B: pERK, p-p38MAPK and ATGS expression in uPAR rescue clone
14 in comparison to WT. C: Cell viability of uPAR rescue clone 14 in comparison to clone 14 after

gemcitabine (0.1 pM) and JX401 (3 uM) treatment. (D) Migration analysis of uPAR rescue clone 14.
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3.13 uPAR"“"/p38MAPK"#" status in PDAC is associated with a better
prognosis

To evaluate the clinical relevance of our in vitro findings, we examined the uPAR
expression and p38MAPK activation in 59 patients with PDAC (Table 1 and Fig. 18A).
The overall survival of patients with uPAR""/p38MAPK"" tumors was significantly
longer than those with uPAR®"/p38MAPK'*" tumors (median survival 868 days vs. 417
days, p = 0.027) (Fig. 18B). No significant difference was observed comparing
p38MAPKP!eh and p38MAPK"™ cases independently of uPAR or in uPARM#" samples
(Fig. 18C and D).
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Figure 18: Statistical correlation between uPAR levels, p38MAPK activation and OS in PDAC
patients. A: Immunohistochemical stainings of p-p38MAPK in PDAC patients samples show a distinct
positive and negative pattern. B: Patients with low uPAR levels and activated p38MAPK showed a
significant better OS in a Kaplan-Meier-analysis (Cox- Mantel-test) than patients with high uPAR levels or
inactive p38MAPK. C: No significant difference in OS when comparing p38MAPK high vs. low tumors
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without considering uPAR and (D) no statistical difference when comparing p38MAPK high vs. low in
uPAR high tumors.
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4. Discussion

Genomic uPAR amplification and increased uPAR protein levels have been implicated in
PDAC (Hildenbrand et al. 2009), NSCLC and CRC tumors (Almasi et al. 2011; Lomholt
et al. 2010) and are characterized by a poor prognosis however, the specific function of
uPAR in the disease progression of PDAC has not been fully elucidated. Elevated uPAR
signaling has been associated with growth factor activation and increased proliferation
and cellular migration through the regulation of varies pathways including Ras-ERK
signaling (Aguirre Ghiso 2002; Jo et al. 2009a). In addition it has been known that uPAR
and fibronectin are responsible to switch from proliferative Ras-ERK pathway to the
alternative p38MAPK pathway leading to cellular dormancy (Aguirre-Ghiso et al. 2001;
Gandbhari et al. 2006). In this study, we connect for the first time uPAR signaling with
p38MAPK induced resistance against gemcitabine by activating autophagy and propose
a combined treatment with autophagy inhibitors to overcome gemcitabine resistance in

patients with low uPAR levels and activated p38MAPK.

Several studies have shown the Ras-ERK pathway is often activated in tumors by aberrant
upstream signaling (Aguirre Ghiso et al. 1999; Bamford et al. 2004; Kabeya et al. 2000).
Next to EGFR, uPAR can by interacting with asp1 integrin, to induce Ras/ERK activation
(Zannetti et al. 2000). This also leads to the activation of Src and FAK that are critical
mediators of cell migration (Smith and Marshall 2010). Activation of FAK has recently
been described to induce resistance against gemcitabine in PDAC (Huanwen et al. 2009).
We show that a uPAR knockout in the pancreatic cell line AsPC-1 leads not only to
cellular dormancy, but also increases the resistance against gemcitabine. Our results
demonstrate that ablated uPAR lead to an activation of FAK, CDC42 and p38MAPK that

induces a strong resistant against gemcitabine in KRAS mutated AsPC-1.

Independent of patient treatment we were able show that an increased uPAR expression
goes along with a poorer OS of PDAC. Paradoxically we were able to demonstrate that
uPAR knock out cells go thru a MET like process that is phenotypically associated with
a decreased proliferation and migration, an increased expression of the epithelial markers
E-cadherin, N-cadherin, B-catenin and Slug and the down-regulation of the endothelial
markers ZO1, Snail, vimentin and ZEB1 and an increased resistance against gemcitabine

treatment.

By inhibiting the deregulated factors after the uPAR depletion we could proof the
activation and connection of FAK, CDC42, p38MAPK and autophagy whereas, the Ras-
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ERK signaling is turned off. The specific knock down of FAK, CDC42, p38MAPK and
the pharmacologic inhibition of p38MAPK by JX401 partially rescued the gemcitabine
resistance in uPAR knock out clones. We observed by knockdown experiments that this
only functionally active in a KRAS-mutant situation whereas siRNA-mediated KRAS
suppression increased the activating pERK and suppressed p62 and LC3B protein levels
(Guo et al. 2011; Yang et al. 2014).

Previous studies have also shown that the p38MAPK activation is critical for the response
to platinum-based compounds in 7P53 mutant tumors (Cannell et al. 2015; Morandell et
al. 2013; Paillas et al. 2012), and that ablating or inhibiting autophagy attenuated
pancreatic tumor growth and progression in a genetically engineered 7P53 mutant
xenograft model (Yang and Kimmelman 2014). p38MAPK was shown to cause cell cycle
arrest via the activation of TP53 which responsible for G2/M checkpoint arrest (Gurgis
et al. 2014), finally leading to cell growth inhibition. This is in good agreement with the
TP53 mutant cell line AsPC-1 where the activation p38MAPK reduced cell growth.

It has been shown in other cancers that uPAR and fibronectin are responsible for
switching from p38MAPK to Ras-ERK signaling pathways (Aguirre-Ghiso et al. 2001;
Gandhari et al. 2006; Laurenzana et al. 2017), thus switching from a status of relative
cellular dormancy (Gonias and Hu 2015) to proliferation. The situation in PDAC is
special, since 90-95 % of cases show KRAS gain of function mutations (Yang et al. 2018),
which occur early in the pathogenesis of the disease and are probably the most essential
oncogenic drivers of PDAC. Wang et al. (1999) described that KRAS regulates uPAR
expression. By siRNA knock down of KRAS in AsPC-1 we could validate that
constitutive KRAS activation is decisively involved in the high uPAR expression in

PDAC.

Most surprising was the observation that ERK played an extensive role in the gemcitabine
susceptibility in AsPC-1 WT cells, whereas in uPAR”" clones ERK inhibition did not
show a difference in the response towards gemcitabine. However, the inhibition of KRAS
had an inversed effect. While it decreased the resistance in AsPC-1 WT, KRAS knock
down in uPAR” resulted in more resistance against gemcitabine (Fig. 4). This has
importance in the choice of specific treatment strategies. Bryant et al. (2019) proposed
that a combined ERK and autophagy inhibition is a treatment option in PDAC. Our

observations indicate that autophagy inhibition is uPAR dependent and that an additional
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ERK inhibition is only effective in uPAR low cases. This observation should be taken

into account when considering combined therapies of PDAC.

The fact that not all KRAS mutated cases go along with high uPAR expression is not new
and has been shown before (Mauro et al. 2017). However, it indicates that uPAR
expression is partially KRAS dependent and that KRAS function is enhanced by uPAR.

Previous studies have also shown that the p38MAPK activation is critical for the response
to platinum-based compounds in 7P53 mutant tumors (Cannell et al. 2015; Morandell et
al. 2013; Paillas et al. 2012), and that ablating or inhibiting autophagy attenuated
pancreatic tumor growth and progression in a genetically engineered 7P53 mutant
xenograft model (Yang A and Kimmelman 2014). In addition, Ossowski and colleagues
(2015) have shown that uPAR regulates dormancy in cancer cells. Our results not only
underline this concept but also connect uPAR signaling with p38MAPK induction of
autophagy. Others have shown that in particular constitutively activated autophagy is
important for PDAC growth and development (New et al. 2017). We show here that
autophagy is an important factor in the resistance against gemcitabine in cells with low

uPAR expression that can be targeted by clinically approved inhibitors.

Furthermore, we were able show that an increased uPAR expression goes along with poor
OS in PDAC patients. Immunohistochemistry staining of p-p38MAPK revealed that 41%
of PDACs were positive but we did not find a correlation to uPAR levels or significant
difference in OS. However, when analyzing the OS of p38MAPK positive and negative
samples in uPAR low tumors, patients with high p38MAPK had a significantly better
prognosis (Fig. 18B).

We propose that uPAR is an important factor in the process of changing cells from a more
proliferative mesenchymal to a more dormant epithelial type. uPAR expression is
regulated by the constitutively activated mutated KRAS as shown before. However, uPAR
is not only regulated by KRAS and the frequent uPAR amplification is only one of the
factors that influences uPAR levels. We show here that uPAR levels influence cellular
plasticity by degrading integrins in the ECM and by modulating EMT. Next to the

mesenchymal-epithelial
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Figure 19: Signaling diagram displaying the interaction nodes used in this study. uPAR regulates FAK,
CDC42 and p38MAPK signaling initiating gemcitabine resistance and cellular dormancy. Even though the
crosstalk of uPAR signaling and the Ras-RAF signaling needs further investigation, we propose that uPAR
expression is partially independent of KRAS and that low uPAR levels activate p38MAPK signaling and
inhibit the Ras-RAF pathway.
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5.  Summary

In summary, we show that uPAR enhances Ras-ERK signaling and contributes to the
aggressiveness of the cell as an explanation for the poor OS of PDAC patients with high
uPAR levels. We find that attenuation of uPAR signaling leads to pFAK, pCDC42 and
p-p38MAPK mediated cellular dormancy and autophagy that confer resistance against
gemcitabine. Therefore, we propose a combined treatment of gemcitabine and autophagy
inhibitors such as 3-MA to overcome gemcitabine resistance and to improve OS
especially in a subgroup of patients with low uPAR levels and activated p38MAPK in

their tumors.
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