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SUMMARY 

Background: Pancreatic ductal adenocarcinoma (PDAC) is a notorious cancer known for 

its difficult diagnosis, resistance to treatment and overall bad prognosis. Therefore, a 

thorough understanding of its pathogenesis is urgently needed. About twenty years ago a 

group of death-inducing receptors have been identified to be predominantly expressed by 

cancer cells. These receptors are known as Tumor Necrosis Factor-related apoptosis-

inducing ligand (TRAIL) receptors. The discovery of TRAIL receptors and the cognate 

ligand provided hope for killing cancer cells without harming the normal tissues. The 

human TRAIL receptor family comprises of two death-inducing receptors (TRAIL-R1 and 

-R2) and two decoy receptors (TRAIL-R3 and -R4) and also osteoprotegerin. The 

apoptosis-inducing potential of the TRAIL ligand as well as the impact of the particular 

death receptor TRAIL-R1 or -R2 has been intensively studied in different cancer cells. 

Likewise, the anti-apoptotic function of overexpressed TRAIL-R4 was shown in different 

cellular systems. However, the potential interplay between the different TRAIL receptors 

has been rarely addressed.  

Goal: Create a functional dissection of the TRAIL receptor family, in order to understand 

the impact of each TRAIL receptor in the context of the others with special emphasis on 

TRAIL-R4 functions. 

Methods: Two PDAC cell lines with differentially modified expression of TRAIL 

receptors were used in the current study (Colo357 and PancTuI). Several in vitro methods 

have been implemented including Western blotting, FACS, ELISA, RT-PCR, and 

Bioinformatics together with proliferation, viability and migration assays. As in vivo tumor 

models, SCID-beige mice were inoculated with the Colo357 cell lines as an in vivo proof 

of concept. Finally, a small cohort of patients’ tissues has been investigated by 

immunohistochemistry as well. 

Results: The current study showed a tight interconnection between TRAIL-R1, -R2 and -

R4. We could show that the combination of TRAIL-R2 knockdown with or without 

TRAIL-R4 up-regulation were the most aggressive, highly proliferative cells together with 

a fast migration, and high inflammatory status. However, TRAIL-R4 up-regulation with 

simultaneous TRAIL-R1 knockdown showed the opposite effects. Additionally, the 

aggressiveness and the metastatic potential were mirrored with clear dysregulation in 
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CEACAM5/CEACAM6 levels, where TRAIL-R4 upregulation with the limited expression 

of TRAIL-R2 boosted their levels while TRAIL-R4 markedly decreased their levels in 

cells with the limited expression of TRAIL-R1. Furthermore, the cells with TRAIL-R1 

knockdown and TRAIL-R4 upregulation exhibited an overall suppressed functions, yet, the 

cells were growing well when seeded on fibronectin or tenascin-c as extracellular matrix 

(ECM). While fibronectin is one of the common ECM produced by cells in the normal 

tissues including pancreas, tenascin-c is an ECM protein found in cancer regions. This 

observation denotes that this particular cell line – though not very active – is capable of 

surviving in a physiologically unfavorable environment in comparison to other studied cell 

lines and this goes in line with the bad survival seen in the patient cohort in those cases. 

Also, the representation of TRAIL-R2 low expressing cells in the patient tissues were very 

scarce that denotes that these patients might have been deemed inoperable due to their 

advanced stage at the moment of diagnosis. Furthermore, the in vivo results confirmed the 

functional properties of the studied cell lines. Regarding TRAIL-R4 effects, TRAIL-R4 

upregulation per se showed the fastest tumor growth rate, while TRAIL-R4 up-regulation 

with TRAIL-R1 knockdown demonstrated the slowest growing tumors. However, TRAIL-

R4 over-expression with TRAIL-R2 knockdown showed almost no change in comparison 

to TRAIL-R2 knockdown cells. These finding shows that TRAIL-R4 has many capacities, 

where its upregulation in combination with TRAIL-R1 low expression drove the cells to a 

less aggressive behavior, while with TRAIL-R2 knockdown, this overexpression had 

minimal impact. 

Conclusion: We found that TRAIL receptors act as a highly interdependent system. 

Cancer cells can use this system to divert/accommodate to physiological unfavorable 

conditions or proliferate, migrate and send out inflammatory signals in physiologic 

conditions. In order to understand the molecular impact of these receptors, the levels of all 

receptors should be analyzed in parallel. Furthermore, the current study suggests a 

significantly positive post-operative survival state with low expression of TRAIL-R1 

denoting the importance of TRAIL receptor profiling to assess the post-operative PDAC 

patient outcome. 
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ZUSAMMENFASSUNG 

Hintergrund: Das duktale Adenokarzinom des Pankreas ist ein berüchtigter Krebs 

bekannt für seine schwierige Diagnose, Resistenz gegen Behandlung und eine insgesamt 

schlechte Prognose. Daher ist ein gründliches Verständnis der Pathogenese dringend 

erforderlich. Vor etwa zwanzig Jahren wurde eine Gruppe von Todesrezeptoren 

identifiziert, welche überwiegend auf Krebszellen exprimiert gefunden wurden. Diese 

heißen `Tumor Necrosis Factor-related apoptosis-inducing ligand` (TRAIL) -Rezeptoren. 

Die Entdeckung der TRAIL-Rezeptoren und des Liganden TRAIL begründete die 

Hoffnung, Krebszellen zu töten, ohne normale Gewebe zu schädigen. Die humane TRAIL-

Rezeptorfamilie besteht aus zwei Zelltod-induzierenden Rezeptoren (TRAIL-R1 und -R2) 

und zwei `Decoy`-Rezeptoren (TRAIL-R3 und -R4) sowie Osteoprotegerin. Das 

Apoptose-induzierende Potential des TRAIL-Liganden sowie die Auswirkungen der 

jeweiligen Todesrezeptoren TRAIL-R1 oder -R2 wurden intensiv in verschiedenen 

Krebszellen untersucht. Ebenso wurde die anti-apoptotische Funktion von 

überexprimiertem TRAIL-R4 in verschiedenen zellulären Systemen gezeigt. Allerdings 

wurde das mögliche Zusammenspiel der verschiedenen TRAIL-Rezeptoren wenig 

untersucht. 

Ziel: Es sollte eine funktionelle Detailanalyse der TRAIL-Rezeptorfamilie geschaffen 

werden, um die Auswirkungen der jeweiligen einzelnen TRAIL-Rezeptoren im Kontext 

der anderen testen zu können – besonders in Hinsicht auf  Funktionen  von TRAIL-R4. 

Methoden: Es wurden zwei PDAC-Zelllinien verwendet (Colo357 und PancTuI). Mehrere 

in vitro Methoden wurden implementiert, einschließlich Western Blotting, FACS, ELISA, 

Echtzeit-PCR zusammen mit Proliferations-, Vitalitäts- und Migrations-Untersuchungen 

sowie Bioinformatik. Zusätzlich wurden SCID-beige Mäuse mit den Zelllinien als in-vivo-

Beweis für das Konzept inokuliert. Schließlich wurde auch eine kleine Kohorte von 

Patientengeweben immunhistochemisch untersucht. 

Ergebnisse: Die aktuelle Studie zeigte eine enge Verbindung zwischen TRAIL-R1, -R2 

und -R4. Wir konnten zeigen, dass die Kombination von TRAIL-R2-Knockdown mit oder 

ohne TRAIL-R4-Hoch-Regulation die aggressivsten, stark proliferativen Zellen mit einer 

schnellen Migrationsfähigkeit und einem hohen Entzündungsstatus waren. Allerdings 
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zeigte die TRAIL-R4-Hochregulierung mit gleichzeitigem TRAIL-R1-Knockdown die 

entgegengesetzten Effekte. Darüber hinaus spiegelten sich die Aggressivität und das 

metastatische Potenzial mit einer deutlichen Dysregulation in den CEACAM5 / 

CEACAM6-Niveaus wider. Hier verstärkte die TRAIL-R4-Hochregulierung bei begrenzter 

Expression von TRAIL-R2 ihr Niveau, während bei begrenzter Expression von TRAIL-R1 

eine deutliche Reduktion von CEACAM5 / CEACAM6 beobachtet wurde. Darüber hinaus 

zeigten die Zellen mit TRAIL-R1-Knockdown und TRAIL-R4-Hochregulation eine 

insgesamt reduzierte Funktion, doch die Zellen wuchsen gut, wenn sie auf Fibronectin oder 

Tenascin-c als extrazelluläre Matrix (ECM) ausgesät wurden. Während Fibronectin ein 

ECM Bestandteil ist, der von Zellen in normalen Geweben einschließlich Pankreas 

produziert wird, ist Tenascin-c ein ECM-Protein, das in Krebsregionen gefunden wird. 

Diese Beobachtung bedeutet, dass diese besondere Zelllinie - wenn auch nicht sehr aktiv - 

in der Lage ist, in einer ungünstigen Umgebung im Vergleich zu anderen untersuchten 

Zelllinien zu überleben, und dies steht in Einklang mit dem schlechten Überleben, das in 

der Patientenkohorte in den entsprechenden Fällen gesehen wurde. Der Anteil von TRAIL-

R2-niedrig-exprimierenden Zellen in den Patientengeweben war sehr gering, was bedeutet, 

dass diese Patienten möglicherweise aufgrund ihres fortgeschrittenen Status im Augenblick 

der Diagnose als inoperabel angesehen worden sein könnten. Darüber hinaus bestätigten 

die in vivo-Ergebnisse die funktionellen Eigenschaften der untersuchten Zelllinien. In 

Bezug auf TRAIL-R4-Effekte zeigte die TRAIL-R4-Hochregulation an sich die schnellste 

Tumorwachstumsrate, während bei gleichzeitigem TRAIL-R1-Knockdown die am 

langsamsten wachsenden Tumore beobachtet wurden. Allerdings zeigte eine TRAIL-R4-

Überexpression bei TRAIL-R2-Knockdown fast keine Veränderung im Vergleich zu 

TRAIL-R2-Knockdown-Zellen. Diese Ergebnisse zeigen, dass TRAIL-R4 viele 

Auswirkungen hat, wobei seine Hochregulierung in Kombination mit einer niedrigen 

TRAIL-R1 Expression die Zellen zu einem weniger aggressiven Phänotyp führte, während 

bei TRAIL-R2-Knockdown diese Überexpression nur minimale Auswirkungen hatte. 

Fazit: Wir fanden, dass TRAIL-Rezeptoren als ein stark voneinander abhängiges System 

agieren. Krebszellen können dieses System verwenden, um ungünstigen Bedingungen 

auszuweichen bzw. sich anzupassen oder sich zu vermehren, zu wandern und entzündliche 

Signale für günstigere Bedingungen auszusenden. Um die molekularen Auswirkungen 

dieses Systems zu verstehen, sollten die Expression aller dieser Rezeptoren parallel 
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analysiert werden. Darüber hinaus deutet die aktuelle Studie auf ein signifikant längeres 

postoperatives Überleben bei geringer Expression von TRAIL-R1 hin, was die Bedeutung 

der TRAIL-Rezeptor-Analyse zur Beurteilung des postoperativen Verlaufs der 

Pankreaskarzinompatienten unterstreicht.  
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I. INTRODUCTION 

The pancreas is an organ of the digestive tract. This organ is composed of two 

compartments; an endocrine part that is responsible for hormone secretion and an exocrine 

part –acini, ducts and ductules –that is responsible for the production of digestive enzymes 

and mucins. Pancreatic ductal adenocarcinoma (PDAC) is an epithelial carcinoma that 

arises from the pancreatic ducts and ductules (Wong et al., 2016). Unfortunately, the 

molecular basis of this form of carcinogenesis is still baffling. For that reason, our group is 

dedicated to a better understanding of PDAC development.  

Cancer was and still is a big dilemma in our medical history. Most –if not all– 

cancer forms carry a bad prognosis and one of the worst is pancreatic cancer. Pancreatic 

cancer is more prevalent among elderly than younger individuals and it has a 5-years 

survival rate lower than 5% (Siegel et al., 2017; Torre et al., 2015). The underlying 

etiology remains unclear, however many factors have been implicated including tobacco 

smoking, alcohol, coffee intake, use of aspirin (Batty et al., 2009; Genkinger et al., 2009) 

as well as genetic predispositions (Chu et al., 2010). Withal some genetic syndromes have 

been shown to increase the risk of developing pancreatic cancer from about 8 to 132 fold, 

for instance Lynch Syndrome, familial atypical multiple mole melanoma syndrome, 

hereditary pancreatitis, ataxia-telangiectasia and Peutz-Jeghers Syndrome (Becker et al., 

2014). Pancreatic cancer include many sub-types, however, most frequently the patients 

develop PDAC (~90%) and it has been found that 10% of these PDAC cases have a 

genetic background (Becker et al., 2014; Hidalgo et al., 2015). Despite of the modern 

advances in cancer therapy, PDAC remains very challenging, owing to its late and difficult 

diagnosis on one hand and the old age of the patients and the aggressiveness of the therapy 

on the other hand (Oberstein and Olive, 2013). Even after the successful resection of the 

tumor, the 5-year survival rate is only raised to 23.4% (Sahin et al., 2016). Notoriously, 

PDAC incidence is rather low, and it ranks fourth among the cancer related deaths in 

United States and Europe (Narayanan and Weekes, 2016; Wong et al., 2016). And 

although most of cancer related deaths are predicted to be declining by 2020, the death rate 

from pancreatic cancer is predicted to increase and be the second cause of cancer –related 

deaths within next decade (Malvezzi et al., 2017; Rahib et al., 2014). 
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PDAC development and heterogeneity 

PDAC occur in the cells most burdened with mutations over the course of many 

years. Among the early mutations that occur in PDAC is the activation of the K-ras 

oncogene and that is followed by mutations in TP53, and smad4 on later stages (Shen et 

al., 2013; Yonezawa et al., 2008). Eventually, many of these mutations build-up and 

interrupt numerous biological pathways like WNT, hedgehog and DNA repair signaling 

(Waddell et al., 2015; Witkiewicz et al., 2015). Therefore, it was understood that PDAC 

develop stepwise; starting from precursor lesions until it is fully developed. PDAC 

precursor lesions include, pancreatic intra-epithelial neoplasia (PanIN), intra-ductal 

papillary mucinous neoplasia (IPMN), mucinous cystic neoplasia (MCN), and intra-ductal 

tubular papillary neoplasia (Guo et al., 2016). PanIN is further categorized according to its 

degree of atypia into three grades; PanIN1, PanIN2 and PanIN3 (Becker et al., 2014). The 

above listed precursor lesions are all ductal in origin, yet it has been recently devised that 

PDAC can also arise from non-ductal cells. It was suggested that either centroacinar-acinar 

compartment (CAAC) progress to PDAC via acinar-ductal metaplasia (ADM) or the 

centroacinar cells progress to PDAC through its expansion together with a simultaneous 

apoptosis of the acinar cells. Recently, a consensus was reached to re-classify the 

premalignant pancreatic pathology into low-grade and high-grade PanIN or low grade and 

high grade IPMN/MCN lesions (Basturk et al., 2015). 

Several patient-based studies showed the involvement of a vast array of genetic 

mutations in the development of PDAC. These mutations in turn affected many biological 

processes and thus denoting the difficult and heterogenic nature of this resistant ailment 

(Jones et al., 2008; Waddell et al., 2015; Witkiewicz et al., 2015). Furthermore, it has been 

reported that each case of PDAC entails not only the commonly encountered mutations but 

also many infrequently seen ones, thus adding up to its complex nature (Bell, 2010). 

Besides, the presence of cancer stem cells (CSCs) heightens the tumor resistance and 

heterogeneity. CSCs are sub-class of cancer cells that are undifferentiated and capable of 

self-renewal (Sahin et al., 2016). This sub-class of cells occupy the highest level on the 

cellular hierarchy and that makes these cells capable of differentiating into any cell type 

(Brandi et al., 2017; Tanase et al., 2014). These CSCs are hypothesized to be responsible 

for tumor aggressiveness and drug resistance, due to their cellular plasticity and self-

renewal capabilities. CSCs were reported to strongly activate the sonic hedgehog pathway 
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genes in comparison to non-stem cancer cells (Sahin et al., 2016). Sonic hedgehog pathway 

is a growth signaling pathways that promotes angiogenesis, proliferation and survival and 

is implicated in PDAC development (Bailey et al., 2009, 2008; Marechal et al., 2015; 

Nolan-Stevaux et al., 2009; Tian et al., 2009; Yauch et al., 2008). Among the approaches 

to target CSCs was the concomitant inhibition of c-Jun N-terminal kinase (JNK) with 

TRAIL therapy. It was found that this approach reduced the tumor burden and prompted 

the killing of CSCs without affecting the untransformed stem cells or the general health in 

mice (Recio-Boiles et al., 2016). 

Another factor that might contribute to PDAC heterogeneity is the production of 

mucins that will render the tumor milieu very viscous and ill-defined. Even the three pre-

malignant lesions; PanIN, IPMN and MCN express mucins (Yonezawa et al., 2008). 

Mucins are large molecular weight glycosylated proteins produced normally by epithelial 

cells for protection. There are two types of mucins; transmembrane and secreted forms 

(Hollingsworth and Swanson, 2004). The normal pancreas expresses transmembrane 

mucin 1 (MUC1) only on the apical surface of the centroacinar cells, intercalated, 

intralobular ducts and partially on the interlobular ducts. Yet, MUC1 is not present in the 

pancreatic ducts, acini or islets. Despite the original physiological protective role of 

mucins, they have been implicated in the pathophysiological development and 

aggressiveness of many carcinogenesis. High levels of the secreted MUC2, MUC4 MUC6 

and MUC5AC were associated with pancreatic malignancies (Horinouchi et al., 2003; 

Yokoyama et al., 2016; Yonezawa et al., 2008). Additionally, cancer exploit the 

capabilities of the membrane-bound mucins –like the aberrant MUC1 expression –to 

manipulate adhesion, cell-cell and cell-ECM (extra-cellular matrix) interactions and thus 

promoting proliferation and survival (Jonckheere et al., 2015; Kufe, 2009; Yokoyama et 

al., 2016). Therefore, MUC1 was reported to be preferentially highly expressed in invasive 

pancreatic tumors (Lüttges et al., 2002). 

The normal exocrine pancreas is comprised mainly of glandular tissues and with the 

development of chronic pancreatitis the fibrotic tissue formation is increased ranging from 

mild, moderate to severe fibrosis (Narayanan and Weekes, 2016). In PDAC, there is an 

additional malignant inflammatory status that mediates the formation of an extensive 

fibrotic tissue termed “desmoplasia”. It was also reported that this extensive desmoplasia 

can both predispose to cancer development and augment tumor progression (Pickup et al., 
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2014) and in turn adds-up to the tumor heterogeneity. This desmoplastic reaction is formed 

of different ECM proteins particularly collagens, fibronectin, laminin. These ECM 

components are excreted in the tumor milieu by the pancreatic stellate cells driven by 

Transforming Growth Factor-β (TGF-β), platelet derived growth factor (PDGF) and 

fibroblast growth factors (FGF). Eventually this desmoplasia not only renders the tumor 

rigid but also represents a barrier for tissue perfusion thus impairing the drug delivery and 

leading to drug resistance (Feig et al., 2012; Narayanan and Weekes, 2016). It was also 

revealed that the expression of sonic hedgehog pathway is confined to the stromal 

compartment and that it plays an important role in PDAC desmoplastic reaction. It was 

reported that inhibition of the sonic hedgehog signaling facilitates the drug delivery in the 

tumor tissues (Feig et al., 2012). Hence, some groups are calling-out for a stroma-targeted 

therapy (Hamada et al., 2013; Li et al., 2012; Xie and Xie, 2015). Most PDAC patients 

would benefit from such a regimen, since these fibrotic barriers were observed in both the 

primary pancreatic cancer and metastatic lesion (Whatcott et al., 2015). As a prove of 

concept, it was found that the hyaluronic acid present in the tumor stroma was responsible 

for elevating the interstitial fluid pressures thus leading to vascular collapse and in turn 

rendering the PDAC tissues unreachable. A side note, it was also reported that this 

interstitial fluid pressures was the highest in PDAC in comparison to other solid tumors 

(Provenzano et al., 2012). 

PDAC and TNF-related apoptosis-inducing ligand  

Ultimately, many cancer remedies are focused on terminating the malignant cells 

via apoptosis. For that sake, radio- and chemotherapeutics are used. Yet, most of the 

currently available treatment regimens cannot differentiate between the transformed and 

non-transformed cells and eventually kills both. Hence, new tumor-specific modalities are 

sought (de Miguel et al., 2016). Among the proposed targeted chemotherapeutics is Tumor 

necrosis factor-related apoptosis-inducing ligand (TRAIL). TRAIL is a member of the 

Tumor necrosis factor (TNF) superfamily that is capable of inducing apoptosis. TRAIL is a 

single-pass type II membrane protein (Mérino et al., 2007). In humans, TRAIL gene 

resides rather far away from the other TNF family members on chromosome 3q26 

(Abdulghani and El-Deir, 2010).  
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TRAIL and its receptors have been initially identified in the late 1990s. All the 

TRAIL-receptors are located on chromosome 8 (Marsters et al., 1997; Pan, 1997; Pan et 

al., 1997; Screaton et al., 1997; Sheridan et al., 1997; Walczak et al., 1997; Wu et al., 

1997). Five different TRAIL receptor (TRAIL-R) family members were described; 

TRAIL-R1/DR4, TRAIL-R2/DR5, TRAIL-R3/DcR1, TRAIL-R4/DcR2 and 

Osteoprotegerin (OPG). The TRAIL receptors are single-pass, type I transmembrane 

proteins. These group of proteins have an extracellular N-terminus and an intracellular C-

terminus (Mariapia A Degli-Esposti et al., 1997; Pitti et al., 1996; Walczak et al., 1997; 

Wiley et al., 1995). In the normal pancreas, only a small amount of pancreatic acini have 

been found to express both TRAIL-R1 and -R4. However, in pancreatitis, it was reported 

that the exocrine part and some islet cells neo-express TRAIL-R1, -R2 and -R4 (Hasel et 

al., 2003). Also, TRAIL receptors were reported to be predominantly expressed by cancer 

cells and are capable of preferentially killing them rather than normal ones (Ashkenazi et 

al., 1999). Therefore, the discovery of TRAIL ligand and its cognate receptors presented a 

great hope for a selective cancer therapy (Dai et al., 2015; de Miguel et al., 2016; Lemke et 

al., 2014; Mérino et al., 2007; Srivastava, 2001; Wajant, 2015; Wiezorek et al., 2010; 

Yagita et al., 2004). 

Only two TRAIL receptors (TRAIL-R1 and -R2) contain an intracellular death 

domain (DD) that is capable of inducing cell death, while TRAIL-R3 and -R4 lack this 

domain either completely or partially, respectively. In case TRAIL binds to the aggregated 

TRAIL-R1 and/or -R2 homo- or heterodimers, this complex succeeds to recruit Fas-

Associated protein with Death Domain (FADD) thus leading to the activation of Caspase-8 

that in turn starts the apoptosis cascade leading eventually to cell death. Moreover, that 

TRAIL induces cell death in a p53-independent manner (Morizot et al., 2011; Neumann et 

al., 2012). Beside the death receptors TRAIL-R1 and -R2, TRAIL can also bind to three 

other receptors, TRAIL-R3 and -R4 and the soluble receptor OPG. While TRAIL-R3 is a 

glycosylphosphatidylinositol anchored receptor completely lacking the cytoplasmic 

domain, TRAIL-R4 is more homologous to the TRAIL death receptors, yet it lacks a part 

of the DD (M A Degli-Esposti et al., 1997; Pan, 1997; Pan et al., 1998). In over expression 

studies, TRAIL-R4 was reported to be able to activate NF-κB pathway (Mariapia A Degli-

Esposti et al., 1997). However, due to its truncated DD, TRAIL-R4 is unable to induce cell 

death (Mariapia A Degli-Esposti et al., 1997). The last known receptor is OPG that binds 
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not only to TRAIL but also to RANKL, which upon binding to its receptor RANK, acts as 

a major inducer of osteoclastogenesis (Emery et al., 1998; Fuller et al., 1998; Lacey et al., 

1998). OPG is thought to function by acting as a competitor of TRAIL death receptors for 

TRAIL-binding, yet the physiological relevance of the OPG-TRAIL interaction is not 

clear. Moreover, it has been shown that TRAIL-R3 and -R4 can prevent TRAIL-mediated 

apoptosis (LeBlanc and Ashkenazi, 2003; Meng et al., 2000; Mérino et al., 2006). These 

blocking effects have been observed in many human primary cancers; for instance in acute 

leukemia (Riccioni et al., 2005), in prostatic cancer and breast (A D Sanlioglu et al., 2007; 

Ahter D. Sanlioglu et al., 2007), PDAC and others (Brost et al., 2014; Celik et al., 2013; 

Koschny et al., 2015; Liao et al., 2001; Morizot et al., 2011; Sanlioglu et al., 2009). Deeper 

analyses of the TRAIL receptors biology revealed that the decoy receptors on the plasma 

membrane either compete with the death receptors for the TRAIL (Sheridan et al., 1997) or 

interact with TRAIL-R1 or -R2 to hinder cell death signaling pathway (Clancy et al., 2005; 

Mérino et al., 2006) and consequently hinder apoptosis (M A Degli-Esposti et al., 1997; 

Mariapia A Degli-Esposti et al., 1997). Thus, the balance between various TRAIL 

receptors is essential to induce cellular death or lead to resistance of the cells to TRAIL-

induced apoptosis. 

TRAIL-R4 

The TNFRSF10D gene is located on chromosome 8q21. This gene comprises of 9 

exons and codes for TRAIL-R4 protein which is approximately ~41.7 kDa. Despite 

TRAIL-R4 was previously reported to be physiologically found in many tissues like the 

pregnant placenta and fetal ovaries (Chen et al., 2004; Krieg et al., 2006; Marsters et al., 

1997), yet, there are no reports about the possible physiological functions of TRAIL-R4. 

Two isoforms have been reported for TRAIL-R4; TRAIL-R4α (380 base pair) and TRAIL-

R4β (266 base pair). TRAIL-R4β lacks exon 3 which is corresponding to the first cysteine-

rich domain and is involved in the preligand assembly domain, which is essential for 

TRAIL binding. Therefore, TRAIL-R4β is incapable of binding to TRAIL (Krieg et al., 

2006; López-Gómez et al., 2016). In cancer, a lot of research has been dedicated to 

understand the function and influence of the death-inducing TRAIL receptors; however, 

rather few papers are focused on the role and impact of TRAIL-R4. 

Interestingly, TRAIL-R1, -R2, -R3 and -R4 are targets of the tumor suppressor 

protein p53. TRAIL-R4 is capable of not only hindering TRAIL-induced apoptosis but can 
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also block the p53-driven cell death. TRAIL-R4 was reported to negatively regulate the 

tumor suppressor gene p53. In 2000, a group reported that both the mRNA and protein 

levels of TRAIL-R3 and -R4 were augmented upon infecting the cells with p53-expressing 

adenovirus, denoting a positive feedback from p53 on TRAIL-R4. In the same experiment, 

it was proved that the high levels of TRAIL-R4 suppressed p53 levels in a negative 

feedback loop. Additionally, the group performed several C-terminal deletions of TRAIL-

R4 and deduced that this p53 inhibitory effect was dependent on the first 43-amino acids of 

the intracellular domain of TRAIL-R4 protein (Meng et al., 2000). 

In 2011, a group of researchers studied the effect of chemotherapy on the TRAIL-

R4-mediated resistance to TRAIL-induced apoptosis at the DISC (death-inducing signaling 

complex) level. In this study, the team combined TRAIL treatment with multiple 

chemotherapeutics [Cisplatin, etoposide and 5-fluorouracil] in order to sensitize the cells to 

TRAIL-induced apoptosis through overcoming the TRAIL-R4 blocking effect. This 

process was achieved via the recruitment and activation of caspase-8 and was independent 

of the mitochondrial loop (see later). However, this effect was rather short-termed, as 

TRAIL-R4 managed to re-block the apoptotic process. This re-blockade was driven by the 

association of TRAIL-R4 with c-FLIP [Cellular FLICE (FADD-like IL-1β-converting 

enzyme)-inhibitory protein]. c-FLIP is an inactive caspase-8 homolog, which is capable 

independently to hinder TRAIL-induced apoptosis. Therefore, the dual effect of both 

TRAIL-R4 and c-FLIP severely hindered apoptosis in that context (Morizot et al., 2011). 

In addition, some studies were dedicated to explore the possibilities of inhibiting 

TRAIL-R4 and in turn aiding TRAIL-induced apoptotic signaling. In 2005, it was 

estimated that both interferon gamma and type I interferon alpha intensely suppressed 

plasma-membrane level of TRAIL-R4. The group also proved the involvement of the 

proteasome in this process (Wicovsky et al., 2005). Furthermore, it was reported that 

PARP13 [Poly (ADP-ribose) Polymerase-13] is responsible for the post-translational 

decomposition of TRAIL-R4 mRNA. It was shown that PARP13 binds to the 3ʹUTR of the 

cellular mRNA of TRAIL-R4 and in turn degrading it. To substantiate these results, the 

cells were depleted from PARP13 and found that TRAIL-R4 mRNA decay was markedly 

altered. Thus, they presented PARP13 as a pro-apoptotic mediator for TRAIL-induced 

apoptosis, through overcoming the TRAIL-R4-driven TRAIL resistance (Todorova et al., 

2014). 
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One more action of TRAIL-R4 that could be considered as another get-out-of-death 

free card for the cancer cells, is cellular senescence (Campisi et al., 2011; Kren et al., 2007; 

Tacutu et al., 2013). Normally senescent cells are halted in growth and they secrete a rather 

unique cocktail of mRNA: chemokines, cytokines, growth factors and proteases termed the 

senescence-associated secretory phenotype (SASP). This SASP alert the immune cells 

which in turn eliminate these senescent cells via immuno-surveillance. Nevertheless, 

cellular senescence is a double-edged sword that might have tumorigenic impact as well. 

Despite senescence may be beneficial by suppressing the tumor initiation process, there are 

studies that claimed that these senescent cells may promote tumor growth and metastasis in 

mice (Eggert et al., 2016) and induce epithelial-to-mesenchymal transition (EMT) 

(Krtolica et al., 2001). Hence, it is believed that SASP induced by the senescent cells might 

help the tumor cells evade immunity and survive via creating an immunosuppressive 

immune environment (Eggert et al., 2016). Another theory, with the advancement of age, 

the body is in a state of genomic instability and ageing that might as well affect the 

immune cells and DNA repair genes and thus accumulating both tumor cells and senescent 

cells (Maslov and Vijg, 2009). Since 2005, TRAIL-R4 is regarded as an in vivo senescence 

maker (Collado et al., 2005; Collado and Serrano, 2010; Pare et al., 2013). Therefore, 

TRAIL-R4 might provide the tumors with another survival mechanism through inducing 

cellular senescence.  

Logically, from the above mentioned information, it could be assumed that TRAIL-

R4 should be highly expressed in malignant cells as self-protection mechanism and that is 

partially true. However, it was reported that TRAIL-R4 gene was highly methylated in 

many tumors including melanoma, neuroblastoma, pheochromocytoma, breast and lung 

cancer. Additionally, some indicated that the methylation of the TRAIL-R4 promoter in 

fact predisposes to tumor formation, relapses and carried an overall poor prognosis 

(Bonazzi et al., 2011; Kiss et al., 2013; Lau et al., 2012; Ratzinger et al., 2014; Shivapurkar 

et al., 2004; van Noesel et al., 2002; Yang et al., 2007). Therefore, one can deduce that 

TRAIL-R4 could bear more functions than what is currently recognized. 

Intracellular TRAIL receptors 

The membrane-bound TRAIL receptors’ functions are intensely studied. However, 

the role of the intracellular TRAIL receptors is poorly understood. In 2000, a group 

followed the intracellular distribution of the TRAIL receptors in melanoma upon TRAIL 
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stimulation. In un-stimulated cells, TRAIL-R3 and -R4 were seen primarily in the nucleus 

and TRAIL-R1 and -R2 were located on the plasma membrane and in Golgi apparatus. 

Upon TRAIL stimulation, it was found that the activation of the two death receptors drove 

the movement of TRAIL-R3 and -R4 to the cytosol and then to the plasma membrane 

where they compete for TRAIL and act as decoy receptors. However, the functionality of 

the receptors in the nucleus and Golgi apparatus was not sought (Zhang et al., 2000). More 

recently, TRAIL-R2 trafficking was investigated in in cervical cancer cell line (HeLa). In 

this study, it was proven that importin β1 was responsible for the nuclear localization of 

TRAL-R2 in TRAIL-resistant malignant cells upon exposure to TRAIL in HeLa cells 

(Kojima et al., 2011). Moreover, the presence of the TRAIL receptors intracellularly was 

investigated and described in a variety of tumor cells of different origin. Additionally, 

novel pro-tumoral functions for the nuclear TRAIL-R2 were also reported and the high 

nuclear expression of TRAIL-R4 was found to be correlated with bad prognosis in PDAC 

patients (Haselmann et al., 2014). 

 TRAIL receptors’ signaling 

 The binding of TRAIL 

ligand to cell membrane-bound 

TRAIL-R1 and/or -R2 triggers the 

activation of two signaling 

pathways; the apoptotic and non-

apoptotic signaling pathways 

(Figure 1.1). Since both TRAIL-

R1 and -R2 contain an intact DD, 

they are capable of inducing cell 

death. Upon their binding with the 

TRAIL ligand, a multimeric 

complex is formed and the 

interaction between the DD 

facilitates the recruitment of 

FADD. Accordingly, FADD 

closely interacts with the death effector domain (DED) of the initiator pro-caspases-8 and -

10, and eventually form the DISC. Upon the formation of the DISC, initiator pro-caspases 

 

Figure 1.1| Signal transduction pathways activated upon 

the binding of TRAIL to its death-inducing receptors. 

[modified (Bertsch et al., 2014)] 
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are activated via cleavage. The activated initiator caspases are released into the cytoplasm. 

The cells are then subdivided into two classes according to their response; Type I and Type 

II (Bertsch et al., 2014; Mérino et al., 2007).  

 In type I cells, there is a sufficient amount 

of activated initiator caspases released into the 

cytosol, that is capable of activating the effector 

caspases-3, -6, -7. Whereas, in type II cells, the 

activated initiator caspases are not enough to 

trigger cell death, instead a mitochondrial 

amplification loop is needed to efficiently activate 

the effector caspases. This amplification loop 

entails the cleavage of BID (BH3 interacting-

domain death agonist) and generation of the active 

tBID (truncated BID) that in turn activates Bax 

and Bak that permeabilize the mitochondrial 

membrane. Once permeabilized the mitochondria 

release several pro-apoptotic factors into the 

cytoplasm namely, cytochrome c, Smac/Diablo 

(second mitochondria- derived activator of 

caspase/direct IAP binding protein with low pI) 

and HtrA2/Omi (high temperature requirement 

protein A2/Omi) (Figure 1.2). At this stage 

cytochrome c together with dATP bind to the cytosolic protein Apaf-1 (apoptotic protease 

activating factor-1) and form with pro-caspase 9 the so-called apoptosome. In the 

apoptosome, pro-caspase-9 becomes activated and leads to the activation of the effector 

caspases and eventually results in eliminating the cells. PDAC cell lines are type II cells 

(Ashkenazi et al., 1999; Sebastian Hinz et al., 2000). 

As much as the TRAIL-induced apoptosis gave the scientific community a great 

hope of eradicating cancer cells, most of the PDAC cell lines turned out to be resistant to 

TRAIL-mediated apoptosis. In particular, primary PDAC tumors are either inherently 

TRAIL-resistant or they acquire this resistance during TRAIL treatment. It is currently 

known that together with TRAIL-induced apoptotic signaling, TRAIL can induce other 

 

Figure 1.2| Inhibitory factors of the 

mitochondrial pathway in mammals 

[modified (Bergmann and Steller, 2010)]. 
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non-apoptotic signaling pathways (Figure 1.1) such as NF-κB and PKB/AKT (Mariapia A 

Degli-Esposti et al., 1997; Lalaoui et al., 2011; Trauzold et al., 2001) or MAPK, Src and 

phosphoinositide 3-kinase (Azijli et al., 2013). The balance between the apoptotic and non-

apoptotic TRAIL-induced signaling will eventually determine the cell behavior and fate. 

From the aforementioned information, it becomes clear that there is a lot yet to be 

learnt about TRAIL and its cognate receptors. On one hand, there is an urgent need to 

know how to sensitize the tumor cells to enhance TRAIL-induced apoptosis and overcome 

TRAIL resistance. On the other hand, it is crucial to understand the limits of the 

normal/untransformed cells to these sensitizers. Otherwise, we will lose the benefit of 

TRAIL being a cancer-specific therapy regimen (Dijk et al., 2013). However, the 

mechanisms of resistance of both tumor and normal cells were found to be rather similar. 

This resistance was not only attributed to the effect of the decoy receptors, but also to 

TRAIL’s simultaneous induction of several non-apoptotic proteins. Among the proteins 

responsible for TRAIL resistance is the expression of the inactive caspase-8 homolog c-

FLIP. Another protein was detected at the level of the effector caspase-3 were the 

activation of caspase-3 is hindered by XIAP (X-linked inhibitor of apoptosis protein) 

(Figure 1.2). XIAP is potent member of the IAPs (Inhibitors of apoptosis proteins) family 

that have been previously linked to drug resistance and poor prognosis (Eckelman et al., 

2006; Lemke et al., 2014; Salvesen and Duckett, 2002), and XIAP suppression was 

indicated as a sensitizer to TRAIL-induced apoptosis in pancreatic cancer cell lines 

(Vogler et al., 2007). Additionally, also BCL-2 (B-cell lymphoma 2) plays an important 

role in the cells by inhibiting the Bax/Bak activation and thus protecting itself against 

TRAIL-induced apoptosis (Figure 1.2) (Bergmann and Steller, 2010). 

As previously mentioned, it was revealed that TRAIL receptors have pro-malignant 

functions (Trauzold et al., 2006) and it was shown that the nuclear expression of TRAIL-

R2 promoted proliferation of tumor cells through suppression of the maturation of 

microRNA let-7 (Haselmann et al., 2014). Furthermore, the expression of TRAIL-R2 and 

TRAIL-R4 were revealed to be significantly up-regulated in PDAC (Sanlioglu et al., 2009) 

and in other carcinomas as breast cancer. Also, the high expression of TRAIL-R4 per se 

was correlated with low survival rate (Ganten et al., 2009). Despite the many strategies that 

were investigated to sensitize the tumor cells to TRAIL, it remains widely unresolved 

which markers–in addition to the expression of TRAIL-R1/R2– would identify and allow 
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the selection of patients that are likely to benefit from a TRAIL-based therapy (Lemke et 

al., 2014).  

Looking at TRAIL-induced apoptosis from a different perspective, a tumorigenic 

role might be detected namely the “apoptosis-induced compensatory proliferation”. This 

process occurs in the neighboring cells surrounding the dead cells in order to maintain 

tissue homeostasis. In normal cells, compensatory proliferation occurs as a part of tissue 

regeneration in the normal wear-and-tear mechanisms. This compensatory proliferation 

entails; wound healing and proliferative blastema cells formation in some animals (Fan and 

Bergmann, 2008; Gurtner et al., 2008). Many studies have been dedicated to the 

understanding of this process in different animals including mice and also in humans. 

These studies revealed that apoptosis controlled the proliferative blastemal formation and 

in turn the compensatory proliferation. Among the pathways implicated in the apoptosis-

induced compensatory proliferation were JNK and WNT signaling (Chera et al., 2009; 

Kondo et al., 2006; Li et al., 2010, 2004; Pellettieri and Alvarado, 2007; Ryoo et al., 2004). 

In cancer, most of the currently available treatments –and also TRAIL – are based on 

apoptosis induction. Thus, these regimens might simultaneously induce a compensatory 

proliferation. Accordingly, it is imperative that we hinder this compensatory proliferation 

in order to have a successful cancer-specific therapy. 

Previous studies focused primarily on the expression levels of specific TRAIL 

receptors individually and overlooked the overall contribution and the interplay between 

the whole receptor family members in the progression of carcinogenesis. These studies 

were aimed to show the actual state of the different TRAIL receptors in the investigated 

cancer cells. In 2009, a group studied the plasma membrane levels of TRAIL-R1, -R2, -R3 

and -R4 in both normal cells and several solid primary tumor cells from Colon, renal, 

cervical, non-small cell lung cancer and PDAC. They reported that the ratio between 

TRAIL-R1 expression to TRAIL-R3 and -R4 expression could predict the level of cancer 

cell resistance to TRAIL-induced apoptosis (Büneker et al., 2009). Likewise, the loss of 

TRAIL-R1 and upregulation of TRAIL-R2 and -R4 were correlated with hepatocellular 

carcinoma, and loss of either TRAIL-R1 or -R2 were associated with a deteriorated 5-year 

survival of hepatocellular carcinoma patients (Koschny et al., 2015; Kriegl et al., 2010).  
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TRAIL and necroptosis 

There is a plethora of information about the apoptotic capabilities of the TRAIL 

ligand in many types of cancer and many researchers are dedicated to unravel the 

mechanisms of its resistance. Yet, more recently some groups started to entertain the idea 

that TRAIL ligand might induce other forms of cell death. Generally, regulated cell death 

is an important cellular mechanism that maintains the survival of any multicellular 

organism. The dysregulation of cell death can result in deleterious outcomes like tumor 

formation (Jin and El-Deiry, 2005; Walsh, 2014). Among the regulated death modalities 

there is caspase-dependent cell death (e.g. apoptosis), and caspase-independent cell death 

(e.g. regulated necrosis like necroptosis) (Galluzzi et al., 2012). As previously mentioned, 

the need to explore alternative pathways to eliminate cancer cells came from the fact that 

many tumors are resistant to TRAIL-induced apoptosis. Therefore, TRAIL ability to 

induce necroptosis was recently investigated (Figure 1.1). Undeniably, there are critical 

differences between apoptotic and necroptotic cell death. Physically both cell death 

modalities end by the demise of the intended cell, yet apoptosis is a more organized 

process that generate limited tissue damage and inflammation (Garg et al., 2010). 

However, necroptosis is a caspase-independent cellular death mode that might represent an 

alternative anti-cancer treatment regimen (Philipp et al., 2016). This type of regulated 

necrosis induced by TRAIL (or other death ligands such as TNF) is mediated via the 

phosphorylation of receptor interacting serine/threonine kinase 1, 3 (RIPK1, RIPK3) and 

mixed lineage kinase domain like protein (MLKL) (Kaczmarek et al., 2013). Earlier, 

evidences have been provided that TRAIL-induced necroptosis can be used to eliminate 

apoptosis-resistant cancer cells (Mocarski et al., 2011; Philipp et al., 2015; Voigt et al., 

2014). Additionally, knowing the general signaling pathways and/or molecules that are 

unique for TRAIL-mediated necroptosis might be helpful in designing a more potent 

TRAIL-based anti-tumor therapy (Sosna et al., 2016). Hitherto, the effect of the interplay 

between the TRAIL receptors on the execution of necroptosis was not investigated. 

TRAIL and inflammatory cytokines 

Another serious problem and a key player in the advancement of many 

carcinogenesis is chronic inflammation. Therefore, it is currently considered as one of the 

hallmarks of cancer (Hanahan and Weinberg, 2011). The presence of a chronically 

inflamed microenvironment predisposes to the development of malignancy which is the 
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case in many solid tumors like PDAC where chronic persistent pancreatitis makes the 

tissues more vulnerable to tumor formation (Becker et al., 2014; Dhar et al., 2015; Yeo, 

2015). As previously stated, TRAIL – like TNF – induces NFκB which is known to induce 

several pro-inflammatory cytokines e.g. TNF itself, interleukin-6 (IL6), interleukin-8 (IL8) 

and monocyte chemoattractant protein-1 which are known to be involved in cancer 

progression. In particular, it was reported that there was a mild limitation of proliferation 

under TNFα treatment, however, the invasion power were boosted in PDAC cells. To 

confirm these results, these effects of TNFα were investigated in vivo, and the experiment 

revealed an increase in tumor growth and metastasis upon treatment. Also the inhibition of 

tumor-derived TNFα showed anti-tumoral effects thus denoting the strong impact of such a 

pro-inflammatory action in PDAC (Egberts et al., 2008).  

Moreover, other inflammatory agents might synergize TRAIL’s inflammatory 

potential and thus worsening the patient’s prognosis. For instance, IL6 which is one of the 

known inflammatory cytokines and its high expression has been tightly bound to 

pancreatic malignancy (Holmer et al., 2014; Wu et al., 2017; Zhang et al., 2013). To 

emphasize the effect of IL6, it was revealed that PDAC tumor progression was limited via 

IL6 blockade in mice (Mace et al., 2016). Additionally, it was found that the elevated 

levels of TRAIL-R2 and -R4 together with an augmented IL6 receptor expression were 

associated with a higher chance for tumor metastasis upon studying the spindle-shaped 

stromal cells in breast cancer. In the same study, it was also reported the mere up-

regulation of either TRAIL-R4 or IL6 receptor in these cells significantly worsened the 

patients' disease-free and metastasis-free survival (Labovsky et al., 2016), therefore 

denoting the interconnection between TRAIL receptors and IL6. Another known 

inflammatory cytokine is IL8. IL8 has been also associated with malignant transformations 

(Bassagañas et al., 2015; Waugh and Wilson, 2008). Additionally, IL8 expression has been 

involved in modulating TRAIL receptor expression in PDAC. In 2016, it was reported that 

IL8 suppressed the expression of TRAIL-R3 and enhanced the expression of pro-apoptotic 

receptors (Recio-Boiles et al., 2016). One important aspect of studying these inflammatory 

cytokines resides in the fact that they can be measured in the patients' sera. The serum level 

of IL6 was determined to be high in pancreatic cancer patients in many studies (Mitsunaga 

et al., 2013; Miura et al., 2015; Mroczko et al., 2010; Okada et al., 1998; Zhang et al., 
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2013). Likewise, the serum level of IL8 was correlated with bad prognosis in pancreatic 

cancer (Chen et al., 2012; Ebrahimi et al., 2004). 

Epithelial-mesenchymal transition (EMT) 

EMT is a process where the epithelial cells replace its well-differentiated form to 

acquire a more mesenchymal form. This process is regarded as an essential step for cancer 

cells to be able to disseminate and metastasize (Tanase et al., 2014). Several pathways and 

markers among which are NOTCH signaling and E-cadherin, vimentin, NANOG, ZEB1, 

TWIST, SLUG and Snai1, have been implicated in the process of EMT in cancer cells. For 

instance, the level of the epithelial marker E-cadherin is decreased whereas the 

mesenchymal markers as vimentin, Snai1, N-cadherin levels are increased during the EMT 

process. E-cadherin is a plasma membrane protein found mainly on epithelial cells, 

whereas vimentin has been reported to be linked with the mesenchymal phenotype (Lu et 

al., 2014; Wang et al., 2014). It was previously stated that the cells during this 

transformation switch from cell-cell communication to cell-ECM denoting also the 

important role of the ECM in the EMT process (Park and Schwarzbauer, 2014). Moreover, 

different members of NOTCH signaling pathway has been associated with EMT (Gu et al., 

2016; Ito et al., 2016; Orzechowska et al., 2016) together with many proteins that have 

been also associated with EMT, for instance, NANOG (Qin et al., 2016), and also ZEB1, 

TWIST, SLUG, Snai1 that were reported as EMT markers in colorectal, breast cancer and 

hemangiomas (Mego et al., 2015; Yamada et al., 2016; Zhai et al., 2016). 

Some studies were dedicated to estimate the correlation between the EMT process 

and the death-inducing TRAIL receptors. For instance, some studies revealed that the 

resistance of breast and urothelial cancer cell lines to TRAIL-induced apoptosis was 

associated with EMT and that mediated the metastatic process (McConkey et al., 2009; 

Wang et al., 2014). Another study showed that knockdown or suppression of E-cadherin 

was partially responsible of TRAIL-induced resistance and thus suppressing apoptosis. 

This suppression of apoptosis denotes that E-Cadherin is involved in TRAIL-R1 and -R2 

clustering and is capable of aiding in the formation of DISC and thus enhancing the 

apoptotic cell death (Lu et al., 2014). 
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Cancer and cell adhesion molecules 

Cellular migration is a complex process that leads a major role in embryogenesis as 

well as in cancer dissemination (Zhao and Guan, 2011). In cancer, cellular migration either 

involves the ECM, cell adhesion proteins and the polymerization of actin stress filaments 

or it may also be an adhesion free process (Tozluoğlu et al., 2013). Cellular adhesion is 

mediated by either the interaction between the integrins and the ECM proteins (cell-ECM 

adhesion) or by interaction between the cells with each other (cell-cell adhesion). Cell-

ECM interaction starts a cascade of focal adhesion protein phosphorylation, changes in 

cellular pH and calcium level and activation of MAPK pathway (Turner, 2000). However, 

until now, the correlation between other TRAIL receptors and cellular adhesion is yet to be 

elucidated. 

Recently, the importance of the tumor microenvironment gained a lot of popularity. 

Many groups are studying the important impact of the ECM and the peri-tumoral 

environment on tumor progression and therapy (Feig et al., 2012; Provenzano et al., 2012; 

Rucki et al., 2016; Sun et al., 2016). Among these studies, the effects of the different 

integrin molecules on a variety of tumors were investigated. In 2007, it was elucidated that 

the deletion of integrin β1 from the pancreatic β-cell tumors inhibited the ability of the 

cells to metastasize or proliferate and drove the cells to senescence (Kren et al., 2007). 

Later on, the expression of integrin αVβ6 was also reported to be elevated in many 

epithelial tumors but not in normal tissues (Koopman Van Aarsen et al., 2008). Another 

study on colon cancer cell lines showed that EMT may cause an enhanced expression of 

integrin αVβ6 and thus can be regarded as a marker for bad prognosis (Bates et al., 2005). 

Additionally, another group aimed to block αVβ6 receptor and realized that this blockage 

hindered the inflammatory process and tumor dissemination in pharyngeal carcinoma via 

the localized inhibition of TGF-β pathway (Koopman Van Aarsen et al., 2008) and thus 

indicating the essential role of adhesion in cancer.  

Tenascin-c is one the large glycoproteins that are expressed in embryonic tissues 

and is a rarity in adult tissues. However, tenascin-c was found to be up-regulated in many 

solid tumors including breast cancer and lymphoma (Brellier et al., 2012; Mackie et al., 

1987; Orend and Chiquet-Ehrismann, 2006; Schliemann et al., 2009). Likewise, tenascin-c 

has been implicated in PDAC carcinogenesis (Esposito et al., 2006). In PDAC, tenascin-c 

is highly expressed in undifferentiated tumors and its presence facilitates tumor 
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progression, invasion and metastasis (Paron et al., 2011) and hence providing more 

evidence on the important and essential role of cell-ECM communication in solid tumors. 

 In addition to cell-ECM adhesion molecules, cell-cell adhesion molecules play an 

important role in cell survival and tumor formation. Carcinoembryonic antigen-related cell 

adhesion molecule (CEACAMs) are cell-cell adhesion molecules expressed in many cells 

– including epithelial cells – all over the human body and are needed in many 

physiological processes; adhesion, proliferation and differentiation. Beside their important 

roles in normal cells, CEACAMs have been correlated with malignant transformation and 

cellular survival in epithelial tumors as well (Beauchemin and Arabzadeh, 2013; Tchoupa 

et al., 2014). In PDAC, dysregulation of CEACAM member 5, 6 and 1 were reported as 

biomarkers for tumor dissemination and patient prognosis (Gebauer et al., 2014; Kuhlmann 

et al., 2016). Overall, it is obvious that cellular adhesion – whether cell-ECM or cell-cell – 

and the tumor microenvironment have an important impact on tumor proliferation and 

progression. 

 

AIM OF THE STUDY 

The aim of this study was to characterize the impact of the particular TRAIL 

receptors’ configuration in creating the malignant phenotype in PDAC and to investigate 

the possible functions of TRAIL-R4 with consideration to its interplay with TRAIL-R1 or 

TRAIL-R2 in two PDAC cell lines; Colo357 and PancTuI. Additionally, the current study 

intended to show the behavior of the cell lines in response to TRAIL-induced death 

apoptosis and necroptosis. Furthermore, the aim was to scope the interactions between the 

TRAIL receptors from the in vitro, in silico, and in vivo points of view. And as a proof of 

concept, an adaptation of the results was sought to correlate the immunohistochemical 

staining of the TRAIL receptors in the tissues of a small ex vivo patient cohort with the 

patients’ survival.  
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II. MATERIALS & METHODS 
1. Materials 

1.1. Chemicals 

chemical / reagent Company 

2-Propanol, 70% Otto Fischar, Saarbrücken, Germany 

Accutase (DPBS, 0.5 mM EDTA), with 

Phenol red 

PAN Biotech, Aidenbach, Germany 

Acetic acid, 100% Merck Milipore, Darmstadt, Germany 

Anexate (Flumazenil, 0.1mg/ml)  Roche, Grenzach-Wyhen, Germany 

Antisedan (Atipamezol, 5 mg/ml) Pfizer, Karlsruhe, Germany 

Universal-Agarose, peqGOLD PEQLAB - Life Science, Germany  

Bovine serum albumin fraction V Biomol GmbH, Hamburg; Germany 

Bromphenol blue Sigma Aldrich, Steinheim, Germany 

Complete ultra-tablets protease inhibitor 

cocktail (EDTA free) 

Roche, Mannheim, Germany 

Cristal violet Merck Milipore, Darmstadt, Germany 

DC Protein Assay Bio-Rad Laboratories, Munich, Germany 

Developer, G153 A/B AGFA, Mortsel, Belgium 

DharmaFECT
®

 1 Thermo Fisher Scientific 

DharmaFECT
®

 DUO Thermo Fisher Scientific 

Dimethyl sulfoxide (DMSO) Sigma Aldrich, Stennheim, Germany 

Dithiothreitol ≥99% p.a. Roth, Karlsruhe, Germany 

DNA Zap™ (solution 1, 2) Invitrogen, Thermo Fisher Scientific 

Dormitor (Medetomidin, 1mg/ml) Pfizer, Karlsruhe, Germany 
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DPBS Gibco, Life Technologies, Darmstadt, 

Germany 

EDTA dihydrate Merck Millipore, Darmstadt, Germany 

Eosin 0.5% solution Geyer Th. GmbH & Co. KG, Germany 

Ethanol, ≥ 99.8% p.a. Roth, Karlsruhe, Germany 

Fentanyl (0,05 mg/ml) Janssen-Cilag, Neuss, Germany 

Fetal Bovine Serum PAN Biotech, Aidenbach, Germany 

Fibronectin EMD Millipore, Temecula, USA 

GelRed Nucleic Acid Gel Stain 10,000 in 

Water 

Biotium, Hayward, USA 

Geneticin disulfate (G418) Carl Roth GmbH+ Co. KG, Cellpure
®

, 

Karlsruhe, Germany 

Glucose 5% Delta select, Germany 

GlutaMax Gibco, Life Technologies, Darmstadt, 

Germany 

Glycerol Sigma Aldrich, Steinheim, Germany 

Glycine ≥99% p.a. Roth, Karlsruhe, Germany 

Hematoxylin solution Geyer Th. GmbH & Co. KG, Germany 

Homoharringtonine (HHT), sc-202652A Santa Cruz, USA 

Hydrochloric acid, 25% J.T. Baker, Griesheim, Germany 

HEPES Buffer (1M) Sigma Aldrich, Steinheim, Germany 

Human TRAIL antibodies- MAB375 R&D systems, USA 

Igepal CA 630 (Nonidet P40/N-P40) Sigma Aldrich, Steinheim, Germany 

Potassium chloride Merck Milipore, Darmstadt, Germany 
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Lipofectamine
®

 Invitrogen, Thermo Fisher Scientific 

Magnesium chloride Merck Milipore, Darmstadt, Germany 

Matrigel
® 

basement membrane matrix Corning, USA 

Methanol, ≥ 99,9% p.a. Roth, Karlsruhe, Germany 

Midazolam (1mg/ml) Roche, Grenzach-Wyhen, Germany 

Mitomycin C Sigma-Aldrich, catalog number M0503 

Mounting medium Dianova, Hamburg, Germany 

Naloxon (0.4 mg/ml) CuraMed, Karlsruhe, Germany 

Non-fat dried milk powder, blotting grade Roth, Karlsruhe, Germany 

OptiMEM
®

 I (1x): HEPES, 2.4g/L 

sodium bicarbonate, L-Glutamine) 

Gibco Life Technologies 

PhosphoStop phosphatase inhibitor Roche, Mannheim, Germany 

PhosStop EASYpack phosphatase 

inhibitor cocktail 

Roche, Mannheim, Germany 

Pierce BCA Protein Assay Fisher Scientific, Schwerte, Germany 

Pierce ECL Plus Fisher Scientific, Schwerte, Germany 

Pierce
®

 ECL Western blot substrate Thermo Fisher Scientific 

Ponceau-S-solution (0,1% in 5% HAc) Sigma Aldrich, Steinheim, Germany 

Protein G-Sepharose 4 Fast Flow GE Healthcare, Freiburg, Germany 

Puromycin dihydrochloride (P8833) Sigma Aldrich, Steinheim, Germany 

Rapid fixer, G354 AGFA, Mortsel, Belgium 

Rely+on Virkon - Virkon disinfectant Antec, Du Pont, England 

Recombinant human TRAIL (TRAIL) PeproTech EC., London, UK 

RPMI 1640 Gibco, Life Technologies, Darmstadt, 
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Germany 

SDS (10%) Applichem, Darmstadt, Germany 

Sodium azide Sigma Aldrich, Steinheim, Germany 

Sodium chloride J.T. Baker, Griesheim, Germany 

Sodium deoxycholate Applichem, Darmstadt, Germany 

Sodium Pyruvate Gibco, Life Technologies, Darmstadt, 

Germany 

Spectra Multicolour Broad Range Protein 

ladder 

Fisher Scientific, Schwerte, Germany 

Tenascin-C Merck Milipore, Darmstadt, Germany 

Tris BASE CalBiochem, Merck Millipore, Darmstadt, 

Germany 

Tris HCl, ≥99% p.a. Roth, Karlsruhe, Germany 

Triton X 100 Sigma Aldrich, Steinheim, Germany 

Trypan blue-solution, 0,4% Gibco, Life Technologies, Darmstadt, 

Germany 

Trypsin EDTA (0.5%/0,2% in PBS), 10x, 

W/O Ca
++

 

Millipore, Biochrom, GM, Germany 

Tween-20 Merck Milipore, Darmstadt, Germany 
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1.2. Western blot antibodies 

Specificity Source Clone Diluted 

in* 

Company Catalog 

number 

Diluted 

in* 

α Tubulin Rabbit Monoclonal 0.5% M Epitomics 1878-1 0.5% M 

BID Rabbit Polyclonal 0.5% M R&D 

Systems 

AF846 0.5% M 

Caspase-3 Mouse IgG1 (3G2) 5% M Cell 

Signaling 

Technology 

9668S 5% M 

Caspase-8 Mouse IgG1 (1C12) 5% M Cell 

Signaling 

Technology 

9746S 5% M 

CEACAM5 Mouse T84.66 cell 

line 

5% M Home-made 

(conc. 

450µg/mL) 

---- 5% M 

CEACAM6 mouse  IgG1 (9A6) 5% M Acris AM02001

PU-N 

5% M 

E-cadherin Mouse IgG2a, κ 5% M BD 

transduction 

laboratories 

610181 5% M 

HMGA2 Rabbit Polyclonal 0.5% M Cell 

Signaling 

Technology 

5269S 0.5 % M 

Integrin αV Goat Polyclonal 5% M Santa Cruz sc-6617 5% M 

Integrin β1 Goat Polyclonal 5% M Santa Cruz sc-9936 5% M 

Integrin β6 Goat Polyclonal 5% M Santa Cruz sc-6632 5% M 

Lamin A/C Rabbit Polyclonal  0.5 % M Cell 

Signaling 

2032 0.5 % M 
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Technology 

PARP Rabbit Polyclonal 5% M Cell 

Signaling 

Technology 

9542S 5% M 

p-MLKL Rabbit monoclonal TBST Abcam ab187091 5% M 

RIPK1 Mouse Polyclonal 5% M BD 

Biosciences 

610459 5% M 

SLUG Goat polyclonal 5% M Santa Cruz sc-10436x 5% M 

Snai1 Goat Polyclonal 5% M Santa Cruz sc-10432x 5% M 

TRAIL-R1 Rabbit Polyclonal 5% M Millipore ab16955 5% M 

TRAIL-R2 Rabbit polyclonal 

IgG 

5% M ProSci 2019 5% M 

TRAIL-R4 Mouse (B-P30) 0.5% M Santa Cruz sc-65310 0.5% M 

β-actin Mouse IgG1 (AC-

15) 

0.5% M Sigma-

Aldrich 

A5441 0.5% M 

* M = non-fat dried milk powder in tris-buffered saline-tween 20 (TBST), 

Blocking of membrane was done by incubation in 5% Milk (M) in TBST for 1 hour at RT. 
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1.3. FACS antibodies 

Clone Target End-conc. Background Company 

11711 Isotype control  25 µg/16µl Mouse monoclonal IgG1 

R&D 

systems 

133303 Isotype control 25 µg/16µl Mouse monoclonal 

IgG2B 

69036 human TRAIL-R1 25 µg/16µl Mouse monoclonal IgG1 

71908 human TRAIL-R2 25 µg/16µl Mouse monoclonal 

IgG2B 

104918

  

human TRAIL-R4 25 µg/16µl Mouse monoclonal IgG1 

Antibodies and solutions were diluted in 0.5% BSA/PBS. 

1.4. Real time PCR (RT-PCR) primers 

Target   Sequence 

TRAIL-R1(SYBR) 

Forward 5ʹ-AGA GAG AAG TCC CTG CAC CA -3ʹ 

Reverse 5ʹ-GTC ACT CCA GGG CGT ACA AT -3ʹ 

CEACAM5 (SYBR) 

Forward 5ʹ-CTTTATCGCCAAAATCACGC -3ʹ 

Reverse 5ʹ-CCAGCTGAGAGACCAGGAGA -3ʹ 

CEACAM6 (SYBR) 

Forward 5ʹ-GCATGTCCCCTGGAAGGA -3ʹ 

Reverse 5ʹ-CGCCTTTGTACCAGCTGTAA -3ʹ 

RPL22 (SYBR) 

Forward 5ʹ-TCGCTCACCTCCCTTTCTAA -3ʹ 

Reverse 5ʹ-TCACGGTGATCTTGCTCTTG -3ʹ 
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1.5. GIPZ lentiviral human shRNA sequences 

Target  
Cell line 

ID 
Sequence 

TRAIL-R1 383714 Antisense: TGATCATGAAGTTTGATGG 

TRAIL-R2 16711 Antisense: GCATTAAAGCAGCGTATC 

TRAIL-R4 16774 Antisense: TCTGATATAAATTTCTCCC 

TRAIL-R4 34449 Antisense: AAGAAATGAATTTCTTCCG 

1.6. Buffers and solutions 

Solution composition 

Culture medium 500 ml RPMI medium 1640 (1x) 

10% Fetal bovine serum 

1% sodium pyruvate 

1% GlutaMax 

EMSA I 10mM HEPES 

10mM KCl 

0.4mM NaCl 

0.2mM EDTA 

0.6% Triton 

1mM DTT 

pH 7.9 

Protease inhibitor 

Phosphatase inhibitor 

Lämmli buffer 4 x  250 mM Tris-HCl (pH = 6.8) 

12.5% SDS 
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40 % glycerol 

3 % DTT 

Bromphenol blue 

LB-medium 10 g tryptone 

5 g yeast extract 

10 g NaCl 

ad 1 L dH2O 

autoclave and cool down to 55 °C 

25µg/mL Zeocin 

100µg/mL Ampicillin 

PBS 137 mM NaCl 

2.7 mM KCl 

10 mM Na2HPO4 

2 mM KH2PO4 

ad 800 ml dH2O 

adjust with HCl to pH=7.4 

ad 1000 ml dH2O 

Polysome I 10 mM HEPES 

150 mM KCl 

5mM MgCl2 

Protease inhibitor 

Phosphatase inhibitor 

Polysome II  10mM HEPES 

150mM KCl 

5mM MgCl2 

10% NP40 
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Protease inhibitor 

Phosphatase inhibitor 

RIPA Lysis buffer 50 mM Tris HCl (pH=7.5) 

150 mM NaCl 

1 % NP40 

0.5 % Sodium deoxycholate 

0.2 % SDS 

RIPA Lysis buffer
++

  10 ml RIPA 

Protease inhibitor (1 mini-tablet Complete) 

Phosphatase inhibitor (1 tablet 

PhosphoStop) 

SDS-running buffer 1 x (1 L) 100 ml of 10 x SDS-running buffer 

900 ml dH2O 

SDS-running buffer (RB) 10 x (10 L) 302.9 g Tris Base 

1440.9 g glycin 

1 L SDS-solution, 10 % 

Adjust to 10 L dH2O 

Cell stocking medium 90 ml FCS 

10 ml DMSO 

TBS 10 x (1 L) 24.3 g Tris Base 

80 g NaCl 

800 ml dH2O 

adjust with HCl to pH = 7.6 

Adjust to 1 L dH2O 

TBST 1 x (1 L) 100 ml 10 x TBST 

900 ml dH2O 
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TBST 10 x (1 L) 24,3 g Tris Base 

80 g NaCl 

800 ml dH2O 

adjust with HCl to pH = 7.6 

10 % Tween-20 (v/v) 

Adjust to 1 L dH2O 

Transfer buffer 1 x (1 L) 200 ml MeOH ≥ 99% 

100 ml Transfer buffer 10 x 

700 ml dH2O 

Transfer buffer 10 x (10 L) 1211,4 g Tris Base 

1426 g Glycin 

8 L dH2O 

adjust with HCl to a pH = 8.3 

adjust to 10 L dH2O 

Tris buffer saline (TBS) 1 x (1 L) 100 ml TBS 10 x 

900 ml dH2O 

1.7. Apparatuses 

Name Manufacturer 

-80
o
C Freezer Forma Scientific 

8-channel-pipette 300µl Eppendorf, Hamburg, Germany 

Analytical balance BP3100 Satorius, Göttingen, Germany 

Analytical balance BP310S Satorius, Göttingen, Germany 

Autoclave CS-Labor 91782 Webeco, Selmsdorf, Germany 
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Benchtop centrifuge mini Spin plus, 

rotor: F-45-12-11 

Eppendorf, Hamburg, Germany 

Cell counter Cellometer Auto T4 Nexcelom Bioscience, Lawrence, USA 

Centrifuge Rotina 48R, Rotor: 4394 Hettich Zentrifugen, Tuttlingen, Germany 

CO2 Incubator Heraus Function line Heraeus, Hanau, Germany 

Fotometer Sunrise Remote Touch screen Tecan, Männedorf, Germany 

Gibco BRL ST305 Electrophoresis Power 

Supply 

Life Technologies, Darmstadt, Germany 

Heatable water bath GFL GmbH, Burgwedel, Germany 

HeraSafe HS12 Sterile Hood Heraeus instruments, Hanau, Germany 

Hydraulic pump suctioning machine KNF, Freiburg, Germany 

Hypercassette RPN 11642 GE Healthcare, Freiburg, Germany 

Icemaker AF 200 Scotsman, Milan, Italy 

Incubator (60°C) type B6 Heraeus instruments, Hanau, Germany 

Laminar flow Hera Safe HS 09/2 Heraeus instruments, Hanau, Germany 

Magnetic stirrer MR3001 Heidolph, Schwabach, Germany 

Microscope ID03 Zeiss, Oberkochen, Germany 

MILLI-Q Reagent water system Merck Millipore, Darmstadt, Germany 

Mini Trans-Blot Cell Bio-Rad Laboratories, Munich, Germany 

Nanodrop UV-Vis Spectrophotometer Thermo Scientific, Wilmington, USA 

pH-meter inolab pH-Level1 WTW GmbH, Weilheim, Germany 
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Pipetboy pipetus Hirschmann Laborgeräte, Eberstadt, 

Germany 

Pipettes Eppendorf research 2.5/ 10/ 20/ 

100/ 200/ 1000 µl 

Eppendorf, Hamburg, Germany 

Refrigerated centrifuge 5415R, rotor: F-

45-24-11 

Eppendorf, Hamburg, Germany 

RM5 Assistant Assistent, Sondheim/Rhön, Germany 

Roller mixer SRT6 Stuart, Staffordshire, UK 

Roller mixer SRT9 Stuart, Staffordshire, UK 

Rotator/ centrifuge Kisker Biotech, Steinfurt, Germany 

Shaker-Duomax 1030 Heidolph Instruments, Schwabach, 

Germany 

Shaker-Incubator TH30 Edmund Bühler, Germany 

Sonicator MSE Scientific Instruments, London, UK 

Standard Power Pack P25 power supply Biometra, Göttingen, Germany 

StepOne Plus real time PCR system Applied Biosystems 

Stepper Multipette plus Eppendorf, Hamburg, Germany 

Thermomixer 5436 Eppendorf, Hamburg, Germany 

Ultracentrifuge TL-100 Ultra, Rotor: 

TLA100 

Beckmann Coulter, Krefeld, Germany 

Vortex mixer Vortex Genie 2 Scientific Industries, New York, USA 

Water bath Gesellschaft für labortechnikmbh 
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Burgwedel, Germany 

Water-jacketed Incubator  Forma Scientific 

XCell SureLock Life Technologies, Darmstadt, Germany 

X-ray film processor Curix 60 AGFA, Mortsel, Belgium 

1.8. Consumables 

Name manufacturer 

Cell counting chamber SD100 Nexcelom Bioscience, Lawrence, USA 

Cell culture multi-well plates, 6-, 12-, 24-

,48-, 96-Well 

Greiner Bio-One, Frickenhausen, Germany 

Cell scraper, 16/ 25 cm Sarstedt, Nümbrecht, Germany 

CryoPure tube 1.8 ml white Sarstedt, Nümbrecht, Germany 

30µ-Dish 35mm, high, Culture-Insert 2 

Well 

Ibidi® Germany 

EZ4U Cell Proliferation Assay  BI-5000, Biomedica Medizin produkte 

GmbH & Co. KG, Wien 

Hyperfilm ECL GE Healthcare, Freiburg, Germany 

Kombitip, 2.5/ 5/ 10 ml Eppendorf, Hamburg, Germany 

LEGENDplex
™

 BioLegend, Germany 

Microloader pipette tip Eppendorf, Hamburg, Germany 

Microtest plate 96-Well  Sarstedt, Nümbrecht, Germany 

nCounter
®

 stem cell  Nanostring technologies, USA 
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Needles, Microlance 3 (26G)  Becton Dickinson, Heidelberg, Germany 

Nitril-gloves, Nitratex micro-touch  Ansell, Munich, Germany 

Parafilm M  Brand, Wertheim, Germany 

Pasteur pipette, 230 mm  Hecht-Assistant, Sondheim, Germany 

Precision 2X RT-PCR Mastermix with 

Rox 

Primerdesign, M01255 

Pipette tips, 20/ 200/ 1000 µl  Sarstedt, Nümbrecht, Germany 

PVDF-Membran, Immobilon-P 0.45 µm  Merck Milipore, Darmstadt, Germany 

RNeasy mini kit Qiagen, Germany  

Reaction tube, 0.5/ 1.5/ 2 ml  Sarstedt, Nümbrecht, Germany 

Serological pipette 5/ 10/ 25 ml  Sarstedt, Nümbrecht, Germany 

Sterile filter Filtropur 0.2 µm  Sarstedt, Nümbrecht, Germany 

Syringe, 1/ 50 ml Becton Dickinson, Heidelberg, Germany 

Tissue culture dish, 150 x 20 mm Sarstedt, Nümbrecht, Germany 

Tube 15/ 50 ml  Sarstedt, Nümbrecht, Germany 

Tissue culture flask 25/75/175 cm
2
 Sarstedt, Nümbrecht, Germany 

Whatman paper 3 mm  GE Healthcare, Freiburg, Germany 
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2. Methods 

1.1. Cell Culture, the current study was focused mainly on two human PDAC cell line, 

Colo357 and PancTuI. The cells were kept frozen as highly standardized stock 

cultures for in vitro studies. Both cell lines were cultured in RPMI Medium 1640 

with 1% Glutamine, 1% Sodium Pyruvate 100M and 10% Fetal calf serum (FCS). 

The cells were maintained at 37°C in a humid atmosphere with 5% CO2 (Forma 

Scientific). The cells were cultured when the cells reached ~80% confluence, twice 

or three times per week in T25, T75 or T175 culture flasks under sterile 

conditions. All solutions and media were warmed to 37
o
C in a water bath. Upon 

cell culturing, the cells were carefully washed using PBS after removal of the old 

medium. Trypsin or Accutase were used detach the cells from the culture flasks. 

Accutase is milder than trypsin, hence it was used to detach cells before flow 

cytometry and animal experiments. Cells were incubated with Trypsin or Accutase 

for about 10- 30 minutes depending on the adhesion power of the cells. Upon 

detachment, trypsin and Accutase were stopped by adding regular culture media, 

where the enzymatic reaction was neutralized by the FCS content. The cell 

suspension was centrifuged at 1440 rpm for 4 minutes at room temperature. The 

supernatant was discarded and the cells were re-suspended in fresh regular media. 

The culture supernatant was regularly tested to avoid mycoplasma contamination 

(see later).  

 

2. 2  Generating stable TRAIL-R4 over expression cell lines, Cells were seeded in a 

6-well plate at a density of 2.0 and 2.5x10
5
 for PancTuI and Colo357, respectively. 

After 24 hour incubation, the cells were transfected with either expression vector 

for TRAIL-R4 (kindly provided by Prof. Micheau Olivier, UMR86, INSERM, 

Dijon, France) or pCR3.1 control plasmid. The transfection was done using 

DharmaFECT DUO (Thermo Scientific) and OptiMEM (serum-free medium, 

Gibco Life Technologies). The plasmid end-concentration used was 0.5 µM. 

DharmaFECT Duo was diluted in OptiMEM (1:50). The transfection mix was 

prepared by adding equal amount DahrmaFECT DUO/OptiMEM mix to the 

plasmid solution and the mix was incubated for 20 minutes at room temperature. 

Later, the old culture medium was discarded and an amount of 400µL transfection 

mix was added pro-well together with 800µL fresh medium. The cells were then 
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incubated under regular cell culture conditions. After 48 hours, positive cells were 

selected by the addition of G418 antibiotic with a concentration of 250µg/ml or 

600µg/ml for PancTuI or Colo357, respectively. Western blotting and RT-PCR 

were used to confirm the successfulness of the procedure.  

 

1.3. Generating stable TRAIL-R4 knockdown cell lines, the stable knockdown of 

TRAIL-R1 short hairpin RNA (shRNA clone 383714, see section 1.5 of Materials 

for more information) and TRAIL-R2 shRNA (shRNA clone 16711) was 

previously established in Prof. Anna Trauzold laboratory. The stable TRAIL-R4 

knockdown cells were established via the viral transduction of TRAIL-R4 shRNA 

(shRNA, clone 16774). All the transduction procedure was performed under S2 

laboratory guidelines. To assemble the lentiviral particles, HEK293T cells were 

used. HEK293T cells were grown in DMEM high glucose, 10% FCS, 1% sodium 

pyruvate. On the first day, the cells were seeded at 1.2x10
6
 (6-well format) and 

were incubated at 37
o
C with 5% CO2 for 24 hours. On the second day, a 

transduction mixture was made in polystyrene tube using, 6µg lentiviral vector, 

4.3µl trans-Lentiviral packaging mix and 15µl calcium chloride then 150µL of 2x 

HBSS was added dropwise. The transduction mix was triturated and incubated at 

room temperature for 3 minutes. A total of 300µL was added dropwise to each 

well and the cells were incubated for 10-16 hours under normal culture conditions. 

Later, the medium was replaced with 2mL reduced-serum media comprising of 

high glucose DMEM, 5% FCS, 2mµ L-glutamine and 1% Penicillin/Streptomycin 

and the cells were again incubated for 48 hours. Later, the medium (now 

containing the viral particles) was harvested and centrifuged at 1600 ×g, 4°C for 

10 minutes to pellet cell debris. Then, the supernatant was slowly transferred to a 

fresh tube, triturated and filtered via a sterile, 0.22-0.45 μM low protein binding 

filter. This filtered lentiviral stock was then used to transduce both Colo357 and 

PancTuI cells and the rest was aliquoted and frozen at -80
o
C freezer.  

For the cell line’s lentiviral transduction, the cells were seeded at a 

concentration of 2x10
5
 pro well (6-well format) and incubated for 24 hours in 

regular cell culture medium. On the second day, the cells were 40-50% confluent, 

the old medium was discarded and replaced with 1mL serum-free media with 

different concentration of the lentivirus/multiplicity of infection (MOI). Two 
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different MOI were used (MOI 5, MOI 10) and the amount of virus was 

calculated via the following formula, amount of virus 

(µl) =
𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑐𝑒𝑙𝑙𝑠 𝑝𝑒𝑟 𝑤𝑒𝑙𝑙∗𝑀𝑂𝐼

𝑣𝑖𝑟𝑎𝑙 𝑡𝑖𝑡𝑒𝑟 (1𝑥106)
 . After 4-6 hours incubation, 1mL regular 

medium was added (also containing 1% penicillin/streptomycin) and the cells 

were incubated again for 48 hours. Later, the antibiotic selection was started using 

puromycin at 1µg/ml or 2µg/ml concentration for PancTuI or Colo357, 

respectively. The cells were then propagated until appropriate number of cells was 

reached and the efficacy of transduction was tested via Western blotting and RT-

PCR. 

  

1.4. Mycoplasma PCR, Venor® GeM classic mycoplasma detection kit (Minerva 

Biolabs GmbH, Germany) was used to ensure that the cells were not contaminated 

with Mycoplasma. An amount of 500µl of a 3-days cell culture supernatant was 

boiled at 95
o
C for 10 minutes and centrifuged at 16,100 xg for 5 seconds and then 

2µl of the supernatant was used in the reaction mix together with positive and 

negative controls to perform the PCR according to the manufacturer’s protocol. 

 

1.5. Morphology, the cells were seeded at 4x 10
5
 in 6-well format. After 24 hours, a 

series of photos were taken using light microscopy (NIB-100 Inverted Biological 

Microscope from Müller Germany) equipped with a MA88-300 Premiere® 

Camera Eyepiece. The digital photos and scaling were done using TSView version 

7.1.1.2 software (Tucsen Image Technology Co., Ltd.). 

 

1.6. Effects of endogenous TRAIL, In order to block the effects of endogenous 

TRAIL, neutralizing antibodies against TRAIL (anti-TRAIL, MAB375, R&D 

systems, 0.5µg/mL) were used. The antibodies were added directly during the cell 

seeding and the mixture was incubated for 24 hours under regular cell culture 

conditions. Later a whole cell lysate was performed (see later). 

1.7. Whole cell lysate, Cells were grown in 6-well for 24 hours under regular cell 

culture conditions, then the cells were washed carefully using cold PBS and an 

appropriate amount of RIPA
++

 buffer was added per well (150µl for ~ 80% 

confluent cells). The cells were then incubated on ice for 10 minutes and frozen by 
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-80
o
C for ~20 minutes, then defrosted on ice and the lysate were scrapped and 

sonicated (Ultrasonic Homogenizer, MSE at 12 microns amplitude) three times 8 

seconds each. The lysate were then centrifuged at 16,100 xg for 15 minutes at 4
o
C 

and the supernatant was stored by -20
o
C. The protein concentration was 

determined via Pierce™ BCA protein assay (Thermo Scientific) according to the 

manufacturer’s protocol. Lysates from the same experiment were then adjusted to 

the same protein concentration using RIPA
++

 buffer and supplemented with 4X 

Lämmli buffer then boiled at 95
o
C for 5 minutes. 

 

2.8. Nuclear/Cytoplasmic fractionation, Cells from five wells (6-well format) were 

used to extract the nuclear/ cytoplasmic fraction and one well was used to perform 

a whole cell lysate using RIPA buffer (see before). To extract the nuclear and 

cytoplasmic fractions EMSA I and polysome buffers were used. Cells were seeded 

at 4x10
5
 pro well and incubated for 48 hours under regular cell culture conditions. 

Then, the cells were washed twice with cold PBS and EMSA I buffer was added (~ 

150µl for 80% confluent cells). The low salt content of EMSA I allows the cell 

membrane to burst without affecting the nuclear membrane and thus allowing the 

separation of the cytoplasmic fraction. The lysate was then centrifuged at 16,100 

xg for 8 minutes and the supernatant (cytoplasmic fraction) was stored at -20
o
C. 

The pellet was then washed with 500µl EMSA I buffer four times to remove any 

cytoplasmic residues. The nuclear fraction was then extracted by suspending the 

pellet in polysome buffer and disrupting the nuclear membrane via running the 

extract through a 28G syringe 10-15 times. Finally, the mix was centrifuged at 

16,100 xg for 30 minutes. The supernatant (now containing the nuclear fraction) 

was collected and frozen at -20
o
C for further use. Protein estimation was done 

using DC-assay according to the manufacturer’s protocol. All the lysates involved 

in the same experiment were then adjusted to the same protein concentration using 

EMSA I or polysome buffer for cytoplasmic and nuclear fractions, respectively. 

The salt concentrations of the cytoplasmic buffer was then equilibrated to the salt 

content of polysome buffer using potassium chloride in order to be able to load 

both fractions in the same gel. Later, the lysates were supplemented with 4X 

Lämmli buffer and boiled at 95
o
C for 5 minutes. 
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2.9. Immunoblotting/Western blot, Equal amounts of protein lysates were separated 

by gel-electrophoresis using SDS-polyacrylamid (PAGE) using Novex® 4-20% 

tris-glycine gels 1.0ml. The gel-electrophoresis was performed at 125 volts for 2 

hours. The proteins were then transferred to PVDF Immobilon membranes 

(Millipore) via blotting. Blotting was performed at 400 mA for circa 90 minutes. 

Non-specific binding was blocked with 5% milk in TBST for 1 hour at room 

temperature and later incubated overnight at 4
o
C with a primary antibody (see 

section 1.2 of Materials). On the next day, the membrane was washed 3 times 

using copious amounts of TBST on a shaking platform. Then, the membrane was 

incubated with an appropriate concentration of the HRP-conjugated secondary 

antibody for 1 hour at room temperature and later the washing step was repeated 

(3X in TBST). The blots were developed using ECL (Amercham, GE Healthcare, 

UK) according to the manufacturer’s protocol. The membranes were developed on 

X-ray films in a dark room.  

 

1.10. Proliferation assay, Cellular proliferation was assessed by cell counting using 

Cellometer® automated cell counters (Nexcelom) or xCelligence assay (ACEA 

Biosciences). For cell counting, the cells were seeded at 1x10
5
 cells (6-well 

format) and incubated in regular medium under regular conditions for 24 hours. 

Later, first cell counting was done out of 2 wells. To count the cells, the old 

medium was discarded and the wells were carefully washed twice with warm 

PBS. The cells were then detached using trypsin and later the enzymatic reaction 

was stopped using regular media. Fifteen ml Falcons were weighed and used for 

collecting the cell suspensions. The cell suspension was then centrifuged at 1440 

rpm for 4 minutes at room temperature. The cell pellet was then re-suspended in 

500µl regular media. The falcons were weighed again to determine the weight of 

the cell suspension. Cellometer was used to count the cells (3 counts per well) and 

the mean value of all counts was calculated. 96 hours later, the rest of the cells 

were counted using the same procedure. The 24 hours’ values were further used as 

a baseline control for the 96 hours counts. Absolute cell counts were calculated by 

multiplying the average cell suspension weight times the average cell count.  

The xCELLigence technology was also used to determine the cell 

proliferation. xCELLigence is a real life cell analysis system, where the cells are 
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dynamically monitored over the course of the experiment. xCELLigence measures 

the cell index which represents cell count, changes in cellular morphology and 

adhesion. This cell index is the impedance measured through gold electrodes 

present at the bottom of each well that detects all signals coming from the cells. 

The cells were seeded at 1x 10
4
 cells per well and mounted on the xCELLigence 

machine for 90 hours. The proliferation was then determined via the provided 

software. 

Additionally, Alamar Blue was also used to detect cellular 

proliferation/viability. Alamar blue is cell proliferation/viability assay that 

measures the metabolic status of the cells and does not entail vigorous washing 

steps. Alamar blue is reduced by the living cells and hence leading to a change in 

the color. The wells (96-well format) were coated with fibronectin (2µg/cm
2
), 

tenascin-c (1µg/cm
2
), or were washed with PBS as control. The plates were 

incubated overnight in 37
o
C CO2 humid atmosphere overnight. Extra fluid was 

careful removed from the plates and the cells were seeded at a density of 1x10
4
 

per well and incubated for 96 hours. Alamar Blue was added and incubated under 

regular cell culture condition until Alamar Blue was reduced (pink color). Finally, 

fluorescence was read on TECAN SpectraFluor Plus (Tecan group LTD, 

Switzerland) at excitation wavelength of 550nm and emission wavelength of 

595nm and Gain 60 manual. 

 

1.11. Migration assay/ Wound healing assay, Migration was assessed by scratch assay 

technique using Ibidi culture inserts. Ibidi wells were marked on the bottom side 

with several fine scratches to allow taking the pictures at the same spot later on. 

The cells were seeded at a density of 8x10
4
 cells in 70µl medium per well. After 

the formation of a full monolayer (~24 hour), cells were treated with Mitomycin C 

(Sigma-Aldrich) for 2-3 hours in 5% CO2 Incubator at 37
o
C. Mitomycin was used 

to stop the cellular proliferation via its action as a DNA crosslinking agent that 

leads to inhibition of DNA synthesis. The inserts were then carefully removed 

leaving a fixed ~500µm cell-free gab. Several photographs were taken 

immediately (0 hour) and then in intervals depending on the speed of migration of 

each cell line. The images were analyzed using ImageJ software with the help of 

its wound healing macros tool.  
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1.12. Viability assay, Effects of TRAIL-induced apoptosis and necroptosis were tested 

using EZ4U Cell Proliferation Assay (Biomedica Medizinprodukte GmbH & Co. 

KG, Vienna) and Western blotting. EZ4U Kit entails minimal manipulations and 

no washing steps. Cells were seeded at a density of 1.5x10
4
 [(96-well), 8 wells pro 

treatment] and incubated for 24 hours at 37
o
C 5% humid atmosphere. For 

necroptosis testing, the wells were pretreated with 2 mM zVAD-fmk and 0.5 mM 

HHT. One hour later, the cells were treated with 50ng/mL (Colo357) or 

100ng/mL (PancTuI) TRAIL (Peprotech) and incubated again for 24 hours under 

the same conditions. For apoptosis testing, the cells were either treated with 

TRAIL or left untreated for 24 hours. EZ4U substrate was added and incubated at 

37
o
C 5% CO2 humid atmosphere. The optical density was read every hour on 

Sunrise™- Tecan reader at absorbance of 450nm and reference 620nm after 

shaking the plate for 5 seconds. All apoptosis and necroptosis experiments were 

done in parallel.  

For Western blotting, a whole cell lysate was performed (see before). However, 

24 hours after seeding the cells were either treated with TRAIL or zVAD+HHT 

then TRAIL or left untreated (same procedure as EZ4U) and incubated again for 

24 hours. The protein lysates were then prepared as previously explained.  

 

1.13. RNA isolation, Cells were seeded at 4x10
5
 and incubated for 24 hours. The cells 

were then rinsed twice with cold PBS and whole mRNA was isolated using Qiagen 

RNeasy mini kit (Qiagen, Germany) according to the manufacturer’s protocol. The 

amount and purity of RNA was measured by Nanodrop uv-spectrophotometer 

(Thermo Scientific). First strand cDNA synthesis was done using Maxima first 

strand cDNA synthesis kit according to the manufacturer’s protocol. 

 

1.14. Real Time PCR (RT-PCR), Two quantitative RT-PCR systems were used; SYBR 

green Maxima and Taqman (Applied Biosystems). Refer to section 2.3 in 

Materials for primer sequences. Taqman best converge RT-PCR assays were used 

to detect the mRNA expression of TRAIL-R2 (Hs00366278_m1), TRAIL-R4 

(Hs00388742_m1). TATA-binding protein [TBP, Hs00427620_m1] was used as a 

reference gene for detecting TRAIL receptors using Taqman technique. Maxima 

http://www.tecan.com/sunrise
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SYBR Green/ROX RT-PCR Master Mix (Maxima) was used to detect the mRNA 

levels of CEACAM5, CEACAM6, interleukin-6 and interleukin-8 with RPL22 and 

RPL27 as reference genes. RT-PCR was performed using StepOne Plus Real Time 

PCR System (Applied Biosystems). Both Taqman and SYBR green techniques 

were performed according to the manufacturer’s protocol. Delta-delta CT method 

was used to evaluate the results (Livak and Schmittgen, 2001). 

 

1.15. FACS (Fluorescence-activated cell sorting), or flow cytometry was used to detect 

the plasma membrane levels of the TRAIL receptors. Cells were seeded in T25 

flask. Next day, cells were rinsed with warm PBS and detached from the flask 

using Accutase. The enzymatic reaction was stopped using regular media and 

centrifuged at 1440 rpm at room temperature for 4 minutes. The cells were then 

counted and a number of 1x10
6
 cells were washed again using 0.05% sodium azide 

in PBS and centrifuged at 300 xg for 5 minutes at 4
o
C. Then, the cells were 

incubated for 30 minutes in a dark environment with corresponding APC-

associated TRAIL receptor (see section 1.3 of Materials) or the suitable IgG 

isotype control. Later, the cells were rinsed again using 0.05% sodium azide in 

PBS and centrifuged at 300 xg for 5 minutes at 4
o
C. Finally, the cells were fixed in 

2% PFA in PBS and the plasma membrane levels were detected via FACS 

machine (courtesy of Immunology department, UKSH, Kiel).  

 

1.16. ELISA and Multiplex ELISA (Enzyme Linked-Immuno-Sorbent Assay), ELISA 

assay was performed using DuoSet Antcillary reagent kit (R&D systems). Cells 

were seeded at 4x10
5
 cells (6-well format) and incubated for 48 hours. The 

supernatant was collected and centrifuged at 16.100 xg for 15 minutes at 4
o
C. 

Meanwhile, ELISA plate (96-well format) was coated with specific capture 

antibody and was incubated overnight at room temperature. Later, the samples 

were incubated for 2 hours at room temperature. After incubation, the wells were 

rinsed twice with a copious amount of washing buffer. A detection antibody was 

then added and incubated for an additional 2 hours. A washing step was repeated 

after the second incubation. Finally, the plates were incubated with streptavidin –

HRP at room temperature in a dark environment for 20 minutes and another 

washing step was performed then the substrate solution was added. The plate was 
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read on the Sunrise™- Tecan reader at 450nm. Additionally, a multiplex ELISA 

using LEGENDplex
™

 assay (BioLegend) was performed in collaboration with Dr. 

Ole Helm according to the manufacturer’s protocol. 

 

1.17. Microarray study, An automated genome wide gene expression study was done 

using the Agilent Sureprint G3 Human GE 8×60K (Agilent, Santa Clara, CA, 

USA) microarray. The analysis was performed using mRNA extracts from the 

different Colo357 cells. The cells were seeded at 5x10
5
 cells and RNA was 

isolated 24 hours later using Qiagen RNeasy mini kit according to manufacturer’s 

protocol. In order to ensure a good quality control, the optical density 260/280 

ratio of the extracted mRNAs was measured by Nanodrop where the values of all 

the samples were >2.0 and that was further validated using the Agilent 2100 

bioanalyser system. The RNA samples were sent to imaGenes (Agilent Expression 

Profiling service, Berlin) on dry ice and the microarray was performed by Source 

Bioscience (Source BioScience GmbH, Berlin, Germany). The microarray tested a 

number of ~ 42,532 oligo-dT that represented ~35,970 altered genes in the 6 cell 

lines (Table 2.1). Initially, the normalization method performed by company was 

the quantile method. To eliminate low signals, all the values lower than the 0% 

quantile were set to the 0% quantile levels.  

Table 2.1| Technical parameters of the microarray analysis 

 TR4(+) vs 

CTRL  

TR1(-) 

vs 

CTRL 

TR1(-

)TR4(+) 

vs CTRL 

TR2(-) vs 

CTRL 

TR2(-

)TR4(+) 

vs CTRL 

Number of Oligos 42532 42532 42532 42532 42532 

Number of Genes after Normalization 35970 35970 35970 35970 35970 

Number of Oligos after filtering 42527 42530 42530 42532 42532 

Number of Genes after filtering 35968 35969 35969 35970 35970 

Quantile used for cut-off (0%) 2.520636 2.57174 2.73782 2.58185 2.55262 

Inter quartile range used for filtering 0.0 0.0 0.0 0.0 0.0 

Analysis of the data was done using Microsoft
®

 Access 2010. The gene 

enrichment analysis was done using the online freely-available bioinformatics 

tool; WebGestalt (Wang et al., 2013; Zhang et al., 2005). Furthermore, the 

multiple gene list feature enrichment analyzer for the dissection of biological 

http://www.tecan.com/sunrise
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systems “Toppcluster” was used to compare the different groups in terms of 

biological processes, molecular functions and pathways (Kaimal et al., 2010). 

Additionally, StemChecker online tool was used to predict the possible stem cell 

signature modified in the investigated cells (Pinto et al., 2015).  

To complete the statistical analysis, the dysregulated genes were initially 

filtered by p-value <0.05 (done by T-Test with Unequal variance, unpaired). Then, 

the p-value was corrected using Benjamini-Hochberg (BH; False Discovery Rate) 

method, also a < 0.05 cut-off was set. Additionally, the data were filtered by 

means of arithmetic fold change (≥ 4 or ≤ -4) (Table 2.2). The arithmetic fold 

change was calculated using Microsoft® office Excel 2010. 

Table 2.2| Equation used to calculate the arithmetic fold change  

Arithmetic Fold change =IF(Average(Treatment range)/Average(Control 

range)>1;(average(treatment range)/average(Control range));(average(control 

range)/average(treatment range))*-1) 

 

1.18. nCounter
®
 stem cell assay, (Nanostring Technologies®, Seattle, USA), Colo357 

cell lines were assessed for stem-cell markers via the Nanostring technology. The 

assay was done in cooperation with Dr. Monika Szczepanowski from hemato-

pathology institute, UKSH, Kiel. Nanostring is a new ultrasensitive technology 

that tests the gene expression via its nCounter assays. nCounter assay is designed 

to detect molecular barcodes of the genes of interest that is directly counted with 

high accuracy. The reaction includes a reporter tag, capture tag, target-specific 

probes (stem cell markers), and target molecules that hybridize to one another. 

The reporter tag carries a signal and the capture tag contains biotin that interacts 

accordingly with streptavidin. This reaction does not entail any amplification; it 

directly counts the already present mRNA copies. RNA from the respective cell 

lines was isolated via Qiagen RNeasy kit. RNA was set to the concentration of 

100ng of purified total RNA in 30 μL reaction volume. nCounter analysis used 8 

negative controls were the mean –in addition to the value of (2) as a standard 

deviation – were subtracted from samples. The samples are also normalized to the 

geometric mean of 6 positive controls in addition to 3 different housekeeping 

genes. The nSolver™ 2.6 software was used for analysis, where all cell lines were 

compared to the CTRL cell line. Since precision of the analysis increases with 
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expression level (counts), all the genes with an mRNA level below 30 counts were 

excluded from further analysis and a fold change cut-off of ≥ 2 or ≤ -2 was also 

implemented. 

 

1.19. Animal Experiment, two in vivo studies were performed using immune deficient 

SCID-beige mice models. The animal experiments were done together with Dr. 

Jan-Paul Gundlach, Dr. Charlotte Hauser, Prof. Jan Egberts (Klinik für Allgemeine, 

Viszeral-, Thorax-, Transplantations- und Kinderchirurgie, UKSH, Kiel), Karen 

Legler and Prof. Susanne Sebens (Institute for Experimental Cancer Research, 

UKSH, Kiel). In the orthotopic model, 2 weeks old female SCID-beige mice were 

injected orthotopically in the pancreas with 1x 10
6
 cells in 25µl Matrigel. The cells 

were on the fifth passage. Mycoplasma was tested prior to the mice inoculations to 

avoid contamination. A number of 8 mice were used per group. Initially, the mice 

were weighed at the star point, narcotized using a mixture of [Dormicum (0.5 

mg/kg), Fentanyl (0.05mg/kg) and Midazolam (5mg/kg)]. The operation was 

performed under sterile conditions. After the operation the mice were given 

antagonistic mixture [Anexate (Flumazenil, 0.5 mg/kg), Naloxon (1,2 mg/kg) and 

Antisedan (Atipamezol, 2.5 mg/kg)] and glucose and warmed up using a UV-lamp. 

For the subcutaneous inoculation experiment, the same procedure for cell 

preparation was implemented; however the cells were re-suspended in saline 

solution. Here, a number of 5 mice pro group were used, where each mice was 

injected twice (once in each flank). In both experiments, the mice were regularly 

checked, weighed and cared for. In the orthotopic model, molecular imaging 

methods (sonography and MRI) were done to monitor tumor growth and 

metastases. In the MRI, the volume was measured by multiplying the number of 

voxel (three dimensional pixel, MRI volume unit) times the resolution of a single 

voxel. 

 

1.20. Immunohistochemical staining, the tissues recovered from the animal 

experiment were imbedded in Paraffin and the sections were stained by 

hematoxylin and eosin. The sections were fixed in ice-cold acetone at -20
o
C for 7 

minutes. The slides were allowed to dry and then the slides were incubated with 

hematoxylin for 5 minutes. After washing with distilled water, the sections were 
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stained with 1% eosin in ethanol for 1-1.5 minutes. The sections were then passed 

through different concentrations of alcohol (70%, 80% then 100%). The sections 

were then covered with cover-slips using mounting media and stored in room 

temperature. 

 

1.21. PDAC patients’ tissue staining, a re-evaluation of a previously analyzed ex-vivo 

study (Haselmann et al., 2014) involving the Immunohistochemical staining of 

TRAIL receptors was performed. The current analysis evaluated the impact of the 

interplay between TRAIL-R1, -R2 and -R4 on the patients’ survival. 

 

1.22. Statistical analysis, statistical analyses were done using one-way ANOVA. 

Significance was determined when p-value <0.05 (*= significant, ns =non-

significant). Experiments were done in duplicates or triplicates. In the animal 

experiment, a nonparametric method was used to calculate the significance: 

Kruskal Wallis and adjusted with Holm FWER method. In the patient cohort, the 

significance between the patient’s survival duration was measured using Log-Rank 

test. 

 

N.B. The research team used the smallest possible number of laboratory animals 

and the ethical guidelines of the local authorities were strictly followed. The 

Molecular Oncology Laboratory has a long-standing expertise in animal 

experiments increasingly using multi-modal molecular imaging methods as read-

out for tumor growth and progression.  
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III. RESULTS 

In an attempt to unravel the complexity of the TRAIL receptor system, we have 

established a double transfection model in PDAC cell lines with different TRAIL 

receptors' expression levels. In this study, we focused on TRAIL-R4 impact in context of 

the two death receptors (TRAIL-R1 and -R2). 

1. Generation of Colo357 cell lines with differentially modified expression of TRAIL 

receptors  

In order to better understand the functions of the different TRAIL receptor 

members, a functional dissection of these receptors was needed. And considering the fact 

that the main focus of the current study was TRAIL-R4, we wanted to further analyze its 

functions in the constitutive and/or limited expression of TRAIL-R1 and TRAIL-R2. To 

that end, the levels of either TRAIL-R1 or TRAIL-R2 were artificially down regulated in 

Colo357 cell line. Colo357 cell line was chosen as it is a well-studied cell line in our 

group. After establishing the stable clone pools with TRAIL receptors knockdown, pCR3.1 

plasmids carrying a TRAIL-R4 coding sequence or the corresponding empty vector were 

introduced in each cell line pool. This way a group of stably transfected Colo357 cells was 

constructed with differential TRAIL receptor levels (Figure 3.1, 3.2). This multiple TRAIL 

receptor modifications allowed the analysis of TRAIL-R4 with special regard to its 

interaction with TRAIL-R2, in the limited expression of TRAIL-R1 [Colo357 TR1(-

)TR4(+)], as well as its interaction with TRAIL-R1, with the knockdown of TRAIL-R2 

[Colo357 TR2(-)TR4(+)].  

Given the complicated nature and the long cell line nomenclature, a simple coding 

system was improvised for easier recalling of the cell lines (Table 3.1). 

Table 3.1| Coding system used for PDAC cell lines 

CTRL    = non-silencing shRNA/pCR3.1 TR1(-)TR4(+) = TRAIL-R1 shRNA/TRAIL-R4 

TR4(+)  = non-silencing shRNA /TRAIL-R4 TR2(-)              = TRAIL-R2 shRNA/pCR3.1 

TR1(-)   = TRAIL-R1 shRNA /pCR3.1 TR2(-)TR4(+)  = TRAIL-R2 shRNA /TRAIL-R4 
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CTRL                                     TR1(-)                                 TR2(-)

TR4(+)                              TR1(-)TR4(+)                        TR2(-)TR4(+)

TR1
TR2
TR4

TR1/TR2/TR4 TR1/TR2/TR4  TR1/TR2/TR4

TR1/TR2/TR4 TR1/TR2/TR4 TR1/TR2/TR4

 

Figure 3.1| Illustration of TRAIL receptors modifications in the different cell lines. The diagram 

shows 6 illustrations corresponding to the constructed six cell line in Colo357 cells. In each cell 

illustration, one can see the represented receptors where receptor knockdown shown as small rectangle 

and written in small letters and receptor up-regulation shown as larger rectangles and written in bigger 

letters. 

1.1. Detection of the total protein level of TRAIL receptors  

To validate the successful transfection and transduction of Colo357 cells, the 

expression of TRAIL receptors was initially evaluated at the protein level via Western 

blotting (Figure 3.2). As depicted from the blots, there is a successful decrease in the 

TRAIL-R1 as seen in both TR1(-) and TR1(-)TR4(+) cell lines. Also there is a clear down-

regulation of the short ~40kDa and long ~48kDa protein forms of TRAIL-R2 in both 

TR2(-) and TR2(-)TR4(+) cells.  

Regarding TRAIL-R4, an obvious up-regulation of the ~47 kDa band could be 

detected in TR4(+),TR1(-)TR4(+) and TR2(-)TR4(+) cells. Additionally, the blots showed 

a clear increase of TRAIL-R4 in TRAIL-R1 knockdown cells that revealed always a 

relatively higher TRAIL-R4 levels in comparison to the other TRAIL-R4 up-regulated 

cells [TR4(+) and TR2(-)TR4(+)]. 
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1.2. Detection of TRAIL receptors level on the plasma membrane 

In order to further validate the TRAIL receptors' level in the established clone 

pools, the plasma membrane levels of the TRAIL receptors were investigated via flow 

cytometry (Figure 3.3). From the FACS analysis, Colo357 CTRL cells express the three 

tested TRAIL receptors in detectable amounts (Figure 3.3 B). The TRAIL-R1 plasma 

membrane level was down regulated to about ~68% in both TR1(-) and TR1(-)TR4(+). 

Additionally, the successful knockdown of TRAIL-R2 followed by ~58% in both TR2(-) 

and TR2(-)TR4(+). Regarding the up-regulation of TRAIL-R4, it was boosted to about 

almost 6 folds in TR1(-)TR4(+). Also, TR4(+) demonstrated a ~3.5 folds up-regulation of 

TRAIL-R4. Moreover, the TRAIL-R4 plasma membrane level was the least augmented 

with a circa 1.45 folds in TR2(-)TR4(+). TRAIL-R4 knock-in was most successful with 

TRAIL-R1 knockdown as was seen in the Western blots.  

 

 

Figure 3.2| Whole protein expression level of TRAIL receptors. Colo357 cells with differentially 

expressed TRAIL receptors were seeded (4x105 cells, 6-well format) and incubated for 24 hours. Then the 

protein level of TRAIL receptors was analyzed in the whole cell lysate via immunoblotting. The Western 

blots show the successful TRAIL receptor alterations. Arrow pointing TRAIL-R4 band. Beta actin was used 

as loading control. This experiment is a representative of three performed. 
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Mean 

  TRAIL-

R1 

TRAIL-

R4 

TRAIL-

R2 

CTRL 13,82 15,72 15,78 

TR4(+) 15,09 75,22 15,51 

TR1(-) 4,08 15,28 15,41 

TR1(-)TR4(+) 4,74 108,98 13,85 

TR2(-) 11,86 12,53 7,73 

TR2(-)TR4(+) 6,48 38,67 5,58 

 

TRAIL receptors’ modulations (%) 

  TRAIL-

R1 

TRAIL-

R4 

TRAIL-

R2 

TR4(+) 9,21 378,52* -1,69 

TR1(-) -70,48 -2,82 -2,37 

TR1(-)TR4(+) -65,73 593,28* -12,21 

TR2(-) -14,18 -20,27 -51,04 

TR2(-)TR4(+) -53,11 145,97 -64,67 

Figure 3.3| Plasma membrane levels of TRAIL receptors. Colo357 cells with differentially expressed 

TRAIL receptors were seeded in T25 flask and incubated for 24 hours. Then a flow cytometric analysis was 

done. A, plasma membrane expression of TRAIL receptors in non-permeabilized Colo357 cell lines. Black 

area represents the corresponding IgG control and the hollow curve represents the intended TRAIL 

receptor. Shown is one experiment of three experiments performed. B, mean of TRAIL receptor expression 

from 3 experiments C, percentage of expression compared to CTRL. ANOVA was used to determine the 

significance (*; n=3, p-value < 0.05). 
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By cross-evaluating the FACS analysis, it can be noted that the plasma membrane 

levels of TRAIL-R1 was also inhibited in TR2(-)TR4(+) cells. Moreover, TRAIL-R4 level 

in TRAIL-R2 knockdown cells was about 20% suppressed. However, TRAIL-R1 

inhibition did not show the same effect on the TRAIL-R4 expression. 

1.3. Determination of the intracellular distribution of TRAIL receptors 

TRAIL receptors can be localized in different cellular compartments as plasma 

membrane, cytoplasm and nucleus. Therefore, a nuclear/cytoplasmic fractionation was 

performed, in order to further characterize Colo357 cell lines (Figure 3.4). At the first 

glance, one can deduce that the three TRAIL receptors (TRAIL-R1, -R2, and -R4) are 

present in both the nuclear and cytoplasmic compartments. Regarding TRAIL-R1, both 

cytoplasm and nuclear extracts demonstrated the same form where it was strongly present 

in the nucleus than cytoplasm. Additionally, TRAIL-R2 showed a similar distribution, 

where it was mainly present in the nucleus as well. Additionally, the knockdown of 

TRAIL-R1 was successful in both compartments; however, the knockdown of TRAIL-R2 

was mainly detected in the nucleus. 

Looking at the TRAIL-R4 expression and intra cellular distribution, figures show 

again a notable up-regulation of TRAIL-R4 in both compartments with a rather stronger 

presence in the nucleus especially in TR4(+) cells. Also, the over expression of TRAIL-R4 

enhanced the level of the nuclear fraction of TRAIL-R2 in TR4(+) cell line. TRAIL-R4 

forms were distinguishable between the cytoplasmic and nuclear forms. Both 

compartments displayed a clear increment in TRAIL-R4 main protein band at 47 kDa 

(TRAIL-R4α). In the nucleus, TRAIL-R4 showed a double band circa 35 kDa (TRAIL-

R4β). 
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Figure 3.4| TRAIL receptor expression levels in the cytoplasmic and nuclear compartments. Colo357 

cells with differentially expressed TRAIL receptors were seeded (3x105 cells in 6-well format) and 

incubated for 48 hours. Then the protein levels of TRAIL receptors in the intracellular compartments were 

detected via immunoblotting. Left panel shows the cytoplasmic and nuclear distribution of the TRAIL 

receptors in the two TRAIL-R1 knockdown cell lines together with CTRL and TR4(+) cells. On the right 

side, the panel shows the distribution in the two TRAIL-R2 down regulated cell lines, again together with 

the CTRL and TR4(+). The Western blots demonstrated the successful modifications of the studied TRAIL 

receptors in both compartments and the level of each receptor in both compartments. Arrows show TRAIL-

R4 bands. Lamin A/C and alpha Tubulin were used to ensure the nuclear/cytoplasmic separation success 

and also served as a protein loading control. 

1.4. Detection of TRAIL receptors expression on mRNA level  

After validating the TRAIL receptor modulations on the protein level, the changes 

on the messenger RNA (mRNA) level was estimated via RT-PCR as well. The RT-PCR 

analyses were performed to determine the successfulness of the manipulations of the 

TRAIL receptors in the established clone pools for Colo357 (Figure 3.5).  

From the graphs, it could be shown that the mRNA levels of TRAIL-R1 has 

showed a significant knockdown of ~50% in both TR1(-) and TR1(-)TR4(+). Also, 

TRAIL-R2 mRNA levels were down regulated by about 60% in both TR2(-) and TR2(-

)TR4(+) cell lines. Additionally, TRAIL-R4 mRNA level was boosted by an average of 

four folds in TR4(+) and TR1(-)TR4(+) and TR2(-)TR4(+) denoting the successfulness of 

the transfection. Overall, the TRAIL-R1 and -R2 levels were not affected by the 
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upregulation of TRAIL-R4 in TR4(+) in comparison to CTRL cells or in TR1(-)TR4(+) in 

comparison to TR1(-) cells or TR2(-)TR4(+) in comparison to TR2(-) cells. 

   

 

  

Figure 3.5| RT-PCR analysis of the TRAIL receptors on mRNA level. Colo357 cells with differentially 

expressed TRAIL receptors were seeded (4x105 cells, 6-well format) and incubated for 24 hours. Then the 

mRNA expression level of TRAIL receptors was investigated via RT-PCR. CTRL cells were set as control. 

The mRNA of the three receptors demonstrated the successful modification of the intended receptors. A, fold 

change of TRAIL-R1, B, fold change of TRAIL-R2, C, fold change of TRAIL-R4, shown is the mean of 

three independently performed experiments (biological replicates). ANOVA was used to determine the 

significance (*, n=3, p-value < 0.05). 
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2. Impact of TRAIL receptors interplay on TRAIL-induced cell death 

Since our TRAIL receptor modifications involved not only the death-inducing 

TRAIL receptors (TRAIL-R1 and -R2) but also one of the decoy receptors, TRAIL-R4, it 

was rather intriguing to see in which context TRAIL-R4 will protect against cell death. 

Together with apoptosis, we decided to investigate yet another cell death modality namely 

necroptosis, to test whether TRAIL-R4 protects the cells against cellular death in general, 

or is it a rather selective process. 

2.1. Impact of TRAIL receptors interplay on TRAIL-induced apoptotic signaling 

To substantiate the different behaviors of the established cell lines under TRAIL- 

induced cell death, the viability of the different cell lines was measured via EZ4U assay. 

EZ4U is a nonradioactive cell proliferation and cytotoxicity assay that depends on the 

presence of functional mitochondria. In this assay, the cells were either treated with 

TRAIL or left untreated as control. In concept, the TRAIL-induced apoptosis, in other 

words, the cell survival of the different cells under TRAIL treatment were detected via the 

measurement of metabolic status of the surviving cells (Figure 3.6).  

 

Figure 3.6| Viability of the different cell lines in response to TRAIL-induced apoptosis. The cellular 

viability of Colo357 cell lines under TRAIL treatment was detected via EZ4U analysis. Colo357 cells with 

differentially expressed TRAIL receptors were seeded (1.5x104 cells, 96-well format) and incubated for 24 

hours. Then the cells were treated with 50ng TRAIL and re-incubated for 24 hours. Later, EZ4U substrate 

was added and the absorbance was read on Tecan sunrise microplate reader every hour. Shown is the mean 

of two independently performed experiments (biological replicates). ANOVA was used to determine the 

significance (*, n=2, p-value < 0.05).  
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Form the assay results, the protective effect of TRAIL-R4 upon TRAIL treatment 

was verified in both TR4(+) and TR1(-)TR4(+) cells. However, this anti-apoptotic effect of 

TRAIL-R4 was abolished in TR2(-)TR4(+) cells. Additionally, the knockdown of TRAIL-

R1 and -R2 both showed a protective effect on Colo357 cells.  

 

Figure 3.7| Expression levels of proteins involved in the apoptotic and necroptotic pathways. Colo357 

cells with differentially expressed TRAIL receptors were seeded (3.5x105 cells, 6-well format) and incubated 

for 24 hours then the cells were either untreated or treated with 50ng TRAIL (T) to induced apoptosis. For 

necroptosis, cells were either pretreated with 2mM zVAD (Z) and 0.5mM HHT (H), or treated with 

zVAD+HHT+TRAIL to induce TRAIL-induced necroptosis. The levels of RIPK1, p-MLKL (for 

necroptosis) and casp. 8, BID, casp 3, PARP (for apoptosis) were investigated in whole cell lysates by means 

of Western blotting. The Western blots demonstrate the alterations in the proteins involved in both the 

apoptotic and necroptotic signaling pathways. The detection of beta actin is shown as loading control. Shown 

is one experiment out of two performed that show a similar trend. 

In order to further evaluate the response of our proposed cell lines to TRAIL 

treatment, the levels of some proteins that are critically involved in apoptosis were 

investigated via Western blotting (Figure 3.7, 3.8 a). Among which is the activation of the 

initiator caspase, caspase-8. Since, Colo357 are type II cells, the activation of BH3 

Interacting Domain Death Agonist (BID) was also investigated to show if the 
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mitochondrial loop was stimulated. BID is a member of the BCL-2 pro-apoptotic protein 

family which is activated by truncation (truncated BID; tBID) (Delbridge and Strasser, 

2015). Moreover, the cleavage/activation of other downstream caspases including the 

executor caspase, caspase-3 was also investigated (Srivastava 2001). Additionally, PARP 

[Poly (ADP-ribose) polymerase-1] level was assessed, PARP is a 116-kDa protein 

involved in DNA repairing after environmental stress (Shall and de Murcia, 2000). Since, 

PARP inactivation is needed for the apoptotic process to continue, it is inactivated via 

cleavage by caspase-3 during the apoptotic process (Soldani and Scovassi, 2002).  

As depicted from the blots (Figure 3.7), the level of activation of both caspase-8, 

BID and caspase 3 were decreased in TR4(+) and TR1(-)TR4(+) cells in comparison to 

CTRL and TR1(-) cells, respectively. Also, the inactivated band of PARP (140 kDa) was 

more prominent in TR4(+) and TR1(-)TR4(+) cells than CTRL and TR1(-) cells, 

respectively. From the evaluation of these proteins, one can confirm the protective effect of 

the TRAIL-R4 protein up-regulation against apoptosis. However, we could also report the 

dependency of the protective effect exerted by TRAIL-R4 up-regulation on the presence of 

TRAIL-R2 [in TR4(+) as well as TR1(-)TR4(+)] and that the absence of TRAIL-R2 

[TR2(-)TR4(+)] completely abolished this anti-apoptotic effect. In fact, it seems from the 

protein level analysis in both TR2(-) and TR2(-)TR4(+) cells, that TRAIL-R4 up-

regulation displayed a slight pro-apoptotic effect in this context. Here, the activated 

caspase-8 band shows a slight increase and the inactivated PARP band was decreased in 

TR2(-)TR4(+) cells denoting the activation of the apoptotic transduction pathway. 

However, this pro-apoptotic effect of TRAIL-R4 was not seen in EZ4U analysis. 

Collectively, TRAIL-R4 acts as an anti-apoptotic protein only in collaboration with 

TRAIL-R2. Yet, TRAIL-R4 interaction with TRAIL-R1 after TRAIL-R2 knockdown 

[TR2(-)TR4(+)] abolished this anti-apoptotic effect.  

In order to verify the changes between the different apoptotic transduction pathway 

proteins, all the TRAIL-treated samples were re-assessed on the same immunoblotting 

experiment (Figure 3.8 a). The levels of the tested proteins confirmed the changes between 

the different cell lines. The cleavage of BID, Caspase 3, and Caspase 8 are more prominent 

in CTRL and TRAIL-R1 knockdown cells. Alternatively, the lowest level of activation was 

seen in TR4(+) and both cell lines with TRAIL-R2 knockdown. Plainly, this confirms our 
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deduction that TRAIL-R4 inhibits TRAIL-induced apoptosis only in collaboration with 

TRAIL-R2 and that TRAIL-R1 drives the TRAIL-induced apoptosis in Colo357 cell line. 

 

2.1. Impact of TRAIL receptors interplay on necroptosis 

Hitherto, only the basic role of TRAIL receptors in apoptosis is known, however, 

their effect on necroptosis is yet to be elaborated. In the present study, we analyzed the 

effects of the differentially expressed TRAIL receptors on necroptotic cell death mode as 

well (Figure 3.7, 3.8 b, 3.9). In order to hinder the apoptotic pathway, a broad spectrum 

caspase inhibitor zVAD-fmk that was previously used successfully by other groups (Voigt 

et al. 2014, Thon et al. 2006, Holler et al. 2000) was utilized. Nevertheless, after inhibition 

of TRAIL-induced apoptosis via zVAD-fmk, necroptosis did not run automatically. In 

order to accelerate necroptosis, HHT (Homoharringtonine; also known as 

omacetaxinemepesuccinate) was used as a sensitizer for TRAIL-induced necroptosis. 

 

Figure 3.8| Expression levels of proteins involved in cell death.  Colo357 cells with differentially 

expressed TRAIL receptors were seeded (3.5x105 cells, 6-well format) and incubated for 24 hours. Then 

treated with either A, treated 50ng TRAIL (T), to detect the protein levels of caspase 8, tBID, caspase-3 

and PARP in (T) treated samples only in whole cell lysate via Western blotting or B, treated with 2mM 

zVAD(Z)+ 0.5mM HHT(H)+ 50ng TRAIL(T) to detect the protein levels of RIPK-1 and p-MLKL in 

Z+H+T treated probes in whole cell lysate via Western blot. These experiments were performed to 

observe the fluctuations of the studied proteins in comparison to each other. The detection of 

beta actin is shown as loading control. Shown is one experiment out of two performed that show a 

similar trend.  
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Figure 3.9| Viability of the different cell lines in response to TRAIL-induced necroptosis. Cellular viability 

was tested via EZ4U assay. Colo357 cells with differential expression of TRAIL receptors were seeded 

(1.5x104, 96-well format) and incubated for 24 hours. The cells were then pretreated with 0.5mM HHT and 

2mM zVAD. One hour later, the cells were either treated with 50ng TRAIL or left untreated. 24 hours later, 

EZ4U substrate was added and the absorbance was read on Tecan microplate reader ever hour. Shown is the 

mean of two independent experiments (biological replicates). ANOVA was used to determine the significance 

(*, n=2, p-value < 0.05).  

Again, the cellular viability of the different cells was estimated via EZ4U assay to 

determine the effect of TRAIL-induced necroptosis (Figure 3.9). From the results, it could 

be generally deduced that Colo357 cell lines die more readily via apoptosis (~50% death in 

CTRL, Figure 3.6) than necroptosis (~10% in CTRL, Figure 3.9). The overall effect of 

necroptosis on the Colo357 cell lines was rather a novel finding. The analysis showed that 

the overall killing capacity induced by TRAIL was significantly sensitized by TRAIL-R4 

in TR1(-)TR4(+) cells in comparison to TR1(-). Furthermore, the protective effect of 

TRAIL-R1 inhibition was also detected in necroptosis as it was seen in apoptosis.  

Likewise, we checked the modulation of some crucial components of the 

necroptotic pathway in the different cell lines via Western blotting (Figure 3.7, 3.8 b). We 

analyzed the level of RIPK1 in all cell lines. Furthermore, we assessed the MLKL protein, 

which is a critical downstream target of RIPK3 (Murphy et al., 2013; Sun et al., 2012). 

MLKL activation during necroptosis occurs via phosphorylation (Sun et al., 2012). Thus, 

an antibody detecting exclusively the phosphorylated form of MLKL (p-MLKL, 50 kDa) 

was used. Western blot results consistently showed that p-MLKL fragment protein was 

only detected in the necroptotic samples. Conversely, p-MLKL was not detectable in any 

of the samples treated only with TRAIL, denoting the successful dissociation of the two 
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cell death transduction pathways. As depicted from the Western blots (Figure 3.7, 3.8 b), 

we detected that TRAIL-R4 up-regulation had no protective effect on necroptosis but 

rather TRAIL-R4 – in fact – sensitized the cells to TRAIL-induced necroptosis. The level 

of p-MLKL displayed obvious fluctuations in its amount between the different cell lines 

and thus confirming that TRAIL-R4 clearly induced necroptosis in both TR4(+) and TR1(-

)TR4(+) cells. Yet again, this TRAIL-R4 sensitization of TRAIL-induced necroptosis was 

boosted by the inhibition of TRAIL-R1. Alternatively, knockdown of TRAIL-R2 with 

TRAIL-R4 induction showed no sensitization of TRAIL-induced necroptotic potential.  

3. Microarray analysis of the altered genes due to TRAIL receptor manipulations 

3.1. Gene expression alterations upon modulated TRAIL receptor expression 

a. Gene expression analysis 

A whole genome microarray screening analysis was performed using mRNA 

extracts from the different Colo357 cells. This screening was done to see the overall 

impact of the interplay between TRAIL-R1, -R2 and -R4 in Colo357. The results received 

were in the form of comparisons; each cell line against the CTRL group (Table 3.2). The 

overall picture showed that TR2(-) had the most dysregulated genes; 132 in comparison to 

CTRL; of which 102 were up- and only 30 down regulated. That was followed by TR1(-) 

that expressed a number of 128 dysregulated genes, this group showed the most down 

regulated genes of 48 in comparison to CTRL and 80 genes were up regulated. Next was 

TR2(-)TR4(+) of about 110 genes (90 up- and 20 down regulated). The last two 

comparisons revealed a relatively small range of gene modifications, where only 53 and 32 

genes were dysregulated in TR4(+) and TR1(-)TR4(+) groups, respectively. In other words, 

one can deduce that TR1(-)TR4(+) cell line is the least biologically active cells since the 

overall altered genes are only 32 in comparison to the CTRL that had 53 altered genes. 

However, the knockdown of TRAIL-R1 alone and the down regulation of TRAIL-R2 with 

or without TRAIL-R4 up-regulation showed the highest biological activity. 
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Table 3.2| Number of dysregulated genes in the different cell lines 

  

TR4(+) vs 

CTRL 

TR1(-) vs 

CTRL 

TR1(-)TR4(+) 

vs CTRL 

TR2(-) vs 

CTRL 

TR2(-)TR4(+) 

vs CTRL 

Up regulated genes 43 80 14 102 90 

Down regulated genes 10 48 18 30 20 

Total number of 

dysregulated genes 
53 128 32 132 110 

b. Validating the mRNA levels of TRAIL and TRAIL receptors 

The microarray analysis confirmed the mRNA expression levels of TRAIL-R1 and 

-R2 (Table 3.3). There was a clear knockdown of TRAIL-R1 level by (- 4.95) and (-3.36) 

fold change as seen in TR1(-) and TR1(-)TR4(+) cells, respectively. Likewise, the down-

regulation of TRAIL-R2 was observed in both TR2(-) by - 4.10 fold change and TR2(-

)TR4(+) by -5.29 fold change. On one hand, we could show that the up-regulation of 

TRAIL-R4 increased the levels of TRAIL-R1 in TRAIL-R1 knockdown cell lines. On the 

other hand, this effect was reversed in case of TRAIL-R2 expression level that was further 

suppressed by TRAIL-R4 over expression as was depicted from the Western blots. Worth 

noting, the up-regulation of TRAIL-R4 itself was not detectable since the sequence used 

for TRAIL-R4 detection in the Agilent assay did not identify the artificially up-regulated 

TRAIL-R4 used in this study. Besides, TRAIL ligand level showed the lowest level in 

TR1(-)TR4(+) where it is slightly decreased in comparison to its corresponding control.  

Table 3.3| Fold change of mRNA levels of TRAIL and TRAIL receptors as detected in the microarray 

analysis 

  
TR4(+) vs 

CTRL 
TR1(-) vs Ctrl 

TR1(-)TR4(+) 

vs CTRL 
TR2(-) vs Ctrl 

TR2(-)TR4(+) vs 

CTRL 

TRAIL 1,35 1,83 - 1,33 1,34 1,31 

TRAIL-R1 1,02 - 4,95 - 3,36 - 1,03 - 1,01 

TRAIL-R2 1,11 1,01 - 1,00 - 4,10 - 5.29 

TRAIL-R3 1,03 1,53 - 1,06 1,21 1,30 

TRAIL-R4 - 1,02 1,09 1,31 1,01 1,06 

Osteoprotegerin 1,13 -1,58 1,02 - 1,53 - 1,83 

c. Gene Set Enrichment Analysis (GSEA) 

A database was established using Microsoft
®

 Access 2010 for a more integrative 

and inter-comparative assessment. In order to detect the difference in the major molecular 

functions and pathways, an in silico GSEA was performed with the help of Toppcluster 

and WebGestalt online bioinformatics tool (Kaimal et al., 2010; Wang et al., 2013; Zhang 

et al., 2005). WebGestalt (WEB-based Gene SeT AnaLysis Toolket) predicted the number 
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of the dysregulated genes in the different categories of gene ontology (GO); whether in 

biological process, cellular components or molecular processes (Table 3.4).  

From the WebGestalt analysis, the highest changes in the molecular functions were 

found to be involved in protein binding in all cell lines. Also, a large number of the 

dysregulated genes were involved in ion binding and transferase activity in TR1(-) cells. 

Ion, nucleic acid and nucleotide binding were highly modified in TR1(-), TR2(-) and 

TR2(-)TR4(+) cells. Moreover, both cell lines with suppressed TRAIL-R2 expression 

showed changes in antioxidant activity. Regarding alterations in the cellular components, 

the altered genes in the different cell lines were predicted to alter a large number of 

membrane, extracellular space, vesicle, nuclear and cytosol components. Additionally, 

there were fluctuations in extracellular matrix and cytoskeletal components as well, 

denoting a possible change in the adhesive capacity (see later). Moreover, the alterations in 

cytoskeleton and cell projections might indicate modifications in cellular motility and 

migration. Cell projections entail cellular protrusion for instance pseudopodia, filopodia or 

lamellipodia. Regarding the biological processes, there were major changes predicted in 

biological regulation, response to stimuli, cell communication together with metabolic and 

developmental processes. 

Additionally, another bioinformatics tool; Toppcluster was used to confirm the 

range of alterations between the different cell lines. Toppcluster is a freely-available multi-

gene list enrichment analyzer (Figure 3.10). According to Toppcluster comparative 

analysis the up-regulated genes in TR4(+), TR2(-) and TR2(-)TR4(+) were allocated to 

alter major networks including cytokine, chemokine, inflammation, NOD-like, toll-like, 

senescence, integrin and ECM-adhesion. However, the up-regulated genes in TR1(-) and 

TR1(-)TR4(+) cells were not correlated to the alterations of any pathway except for the 

insulin-like growth factor signaling. Therefore, the knock down of TRAIL-R1 per se might 

be associated with blood sugar and metabolic diseases. Additionally, the down regulated 

genes in all the cell lines did not share in any pathway adjustments.  
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Table 3.4| Significantly modulated GO Term pathways in the different groups (WebGestalt)  

Pathway Name 

TR4(+) vs 

CTRL 

TR1(-) vs 

CTRL 

TR1(-)TR4(+) vs 

CTRL 

TR2(-) vs 

CTRL 

TR2(-)TR4(+) 

vs CTRL 

up down up down Up down up down up Down 

Biological Processes 

Biological Regulation 27 7 56 26 10 12 69 17 60 13 

Response to stimulus 25 6 54 19 8 9 61 11 54 10 

Cell communication 23 5 47 14 6 7 50 10 45 8 

Metabolic process 22 5 48 22 9 12 62 14 58 13 

Localization 22 6 32 17 7 7 46 11 41 7 

Multicellular 

organismal process 
22 9 45 22 7 8 53 19 49 11 

Developmental process 19 8 42 18 7 7 46 18 41 9 

Cell proliferation 14 1 21 5 3 2 23 3 21 1 

Cellular component 

organization 
13 4 34 6 7 5 32 8 30 5 

Multi-organism 

process 
13 1 14 5 1 1 27 2 23 3 

Growth 5 1 7 1 1  15 2 11  

Reproduction 3 1 11 2 1  10  11 1 

Molecular Functions 

Protein binding 30 6 55 22 10 11 67 16 61 7 

Transferase activity  4 1 8 2  1 7 2 7 3 

Hydrolase activity 4 3 12 3 2 2 12 6 14 3 

Nucleotide binding 3  7 3  2 9 1 6  

Nucleic acid binding 3  5 8 1 3 7 6 7 1 

Structural molecule 

activity 
3 1 2 1 1  3 1 3  

Transporter activity 3  3 7 1 2 7 1 3  

Lipid binding 3 1 2 2 2 1 6 1 6 1 

Ion binding 3 2 16 10 2 4 18 8 24 4 

Enzyme regulator 

activity 
2  3 1 1  5  5 2 

Molecular transducer 

activity 
2 2 10 4 1 3 7 4 8 2 

Chromatin binding 1  2 1   2 1 4  

Electron carrier activity 1  1 2  1 1  1  

Carbohydrate binding  1 1     1 1  

Molecular adaptor 

activity 
  1    1    

Antioxidant activity       2  1  

Cellular Components 

Membrane 23 6 49 22 9 7 59 13 53 12 

Extracellular space 15 4 21 2 5 3 33 6 30 3 

Vesicle 14 1 27 6 6 5 38 4 35 6 

Macromolecular 

complex 
9 1 14 6 2 7 21 6 12 2 

Nucleus 6  16 11  4 18 8 15 4 

Cytosol 6  15 2 1 1 18 3 13 3 

Endomembrane system 5 5 20 6 5 2 19 6 18 5 

Vacuole 3  4 1 1  4  5 1 

Cytoskeleton 3 1 9 5 1 1 11 4 10 1 

Extracellular matrix 2 1 8 3 2 4 3 2 6 1 

Chromosome 1  3    1 2 2  

Mitochondrion 1  2 3  1 2 1 1 1 

Endosome 1  4 1   5 1 6  

Endoplasmic reticulum 1 1 9 3  1 4 1 5 3 

Membrane-enclosed 

lumen 
1  9 8 1 2 9 3 7 3 

Envelop 1  2 2  1 3  1  

Golgi apparatus  4 6 2 3 1 3 3 5 2 

Cell projection  1 10 6 2 5 5 4 5 3 

Microbody   1        
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Figure 3.10| Pathway network analysis of the up-regulated genes in the different groups. The final 

dysregulated gene lists obtained from the comparisons between Colo357 cells with the differentially 

expressed TRAIL receptors were further analyzed in silico to determine the networks and pathways altered in 

the different cell lines. The pathway analysis was done using the freely-available multiple list enrichment 

analyzer, Toppcluster.  

Toppcluster also compared the impact of the significantly modified genes in the 

different cell lines regarding the biological processes. Again, there were many biological 

processes altered in the different cell lines (Figure 3.11). Among the altered biological 

process, the genes dysregulated in TR1(-) and TR1(-)TR4(+) were responsible for the 

changes in regeneration and the negative regulation of both signal transduction and the 

developmental processes. Also, the genes altered by TRAIL-R4 up-regulation had the 

highest impact on altering I-kappa B kinase/NF-kappa B signaling. Some processes like 

myeloid differentiation, angiogenesis, and protein localization to the nucleus were 

correlated with the altered genes in both TR4(+) and TR2(-)TR4(+), that mean that the 
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collaboration between TRAIL-R1 and -R4 eventually affect these important biological 

processes. Additionally, cell-cell adhesion, and cell-cell signaling were predicted to be 

affected by the alterations in the dysregulated genes in all cell lines except TR1(-)TR4(+). 

Also, there was a predicted impact on the inflammatory response and cytokine production 

and cytokine mediated signaling in the same cells. Moreover, the response to nitrogen and 

reactive oxygen species as well as senescence, autophagy and activating Toll-like signaling 

were correlated with the genes regulated by TRAIL-R2 knock down mainly in TR2(-

)TR4(+). The activation of the immune response was reported in TR4(+), TR2(-) and 

TR2(-)TR4(+) cells denoting that this function might be ruled by the genes dysregulated by 

TRAIL-R1. 

 

Figure 3.11| Biological processes network analysis of the up-regulated genes in the different groups. 

The final dysregulated gene lists obtained from the comparisons between Colo357 cells with the 

differentially expressed TRAIL receptors were further analyzed in silico to determine the networks and 

pathways altered in the different cell lines. The pathway analysis was done using the freely-available multiple 

list enrichment analyzer, Toppcluster. 
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d. Validation of the microarray analysis 

In order to validate the results predicted by the GSEA done based on the performed 

microarray study, some of the dysregulated molecules were detected using other methods. 

From the analysis, the genes altered in TR1(-), TR4(+), TR2(-),TR2(-)TR4(+) cells were 

predicted to positively regulate the inflammatory cytokines production and response also 

cell-cell adhesion molecules and cell-cell signaling were altered as well. 

i. Expression of genes coding for cell-cell adhesion molecules 

Carcinoembryonic antigen-related cell adhesion molecules (CEACAMs) 

Since the cell-cell adhesion, cell-cell communication and signaling were predicted to 

be altered by the significantly dysregulated genes in most of the groups, a confirmation of 

the carcinoembryonic antigen-related cell adhesion molecules levels were sought. The fold 

change of the significantly dysregulated CEACAMs is listed in Table 3.5 as analyzed in 

the microarray. It was found that the levels of CEACAM5, CEACAM6, CEACAM3, 

CEACAM7 and CEACAM1 were among the highly modulated molecules as seen in the 

gene expression analysis. Evaluation of the data revealed that TR2(-)TR4(+) showed the 

highest levels of CEACAM molecules, followed by TR2(-), TR4(+), TR1(-) and finally the 

lowest levels in most CEACAMs were detected in TR1(-)TR4(+) cells. 

Table 3.5| Fold change of the mRNA levels of the altered CEACAMs as detected by the microarray 

analysis  

 TR4 vs 

CTRL 

TR1(-) vs 

CTRL 

TR1(-)TR4 vs 

CTRL 

TR2(-) vs CTRL TR2(-)TR4 vs 

CTRL 

CEACAM5 9,602 --- --- 7,217 8,591 

CEACAM6 9,515 3,040 1,440 9,881 --- 

CEACAM3 8,865 2,986 1,416 7,553 --- 

CEACAM7 --- 3,393 1,577 9,658 10,922 

CEACAM1  5,420 2,549 2,833 6,944 --- 

To further validate the CEACAM alterations, we authenticated the microarray 

results by measuring both the mRNA and protein levels of CEACAM5 and CEACAM6 via 

RT-PCR and Western blots, respectively (Figure 3.12, 3.13). Indeed, the RT-PCR 

confirmed the high levels of CEACAM5 and CEACAM6 in the cell lines with knockdown 

of TRAIL-R2 and the lowest level was seen in TR1(-) TR4(+) cell line.  
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Figure 3.12| RT-PCR analysis of the CEACAM levels. Colo357 cells with differentially expressed TRAIL 

receptors were seeded (4x105 cells, 6-well format) and incubated for 24 hours. Then the mRNA levels of 

CEACAM5 and CEACAM6 in Colo357 different clones were analyzed by RT-PCR. CTRL cells were set as 

control The mRNA levels confirmed the fluctuations of CEACAM5 and CEACAM6 demonstrated in the 

microarray. A, fold change of CEACAM5, B, fold change of CEACAM6. ANOVA was used to determine 

the significance (*, n=2, p-value < 0.05). Shown is the mean of two independent experiments (biological 

replicates) performed.  

Additionally, the levels of the CEACAM proteins were also visualized via Western 

blotting (Figure 3.13). The two intercellular proteins, CEACAM5 and CEACAM6 were 

investigated. As expected, both Western blots and the RT-PCR showed a remarkable 

increase in the levels of both CEACAM5 and- 6 orchestrated by TRAIL-R4 over 

expression [TR4(+)] as well as by TRAIL-R2 knockdown. Additionally, TRAIL-R1 

suppression obliterated CEACAM5 augmentation but augmented the level of CEACAM6. 

In TR1(-)TR4(+) cells, the levels of both CEACAM5 and CECAM6 were the lowest 

among the studied cells. Additionally, the up-regulation of TRAIL-R4 in the limited 

expression of TRAIL-R2 had no impact on both CEACAM molecules. 
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Figure 3.13| Expression levels of CEACAMs. Colo357 cells with differentially expressed TRAIL receptors 

were seeded (4x105 cells, 6-well format) and incubated for 24 hours. Then the protein levels of CEACAM5 

and CEACAM6 in the whole cell lysate were detected via Western blotting. The detection of beta actin is 

shown as loading control. Shown is one experiment out of three performed that show a similar trend. 

ii. Expression of genes coding for some inflammatory cytokines 

There were significant alterations in the genes coding for some inflammatory 

cytokines in the microarray analysis. The highest differentially regulated inflammatory 

cytokines were Interleukin-6 (IL6), Interleukin-8 (IL8), Interleukin-1 beta (IL1β) and 

Tumor Necrosis Factor α (TNFα) (Table 3.6). Moreover, Serum Amyloid A1 (SAA1) and 

its paralog SAA2 changes were also highly modulated in the different cells. According to 

Entrez and UniProtKB/Swiss-Prot, both SAA1 and SAA2 are annotated as major acute 

phase proteins that are expected to be up-regulated in inflammatory environment.  

Table 3.6| Fold change of the mRNA levels of the altered inflammatory cytokines 

 TR4(+) vs 

CTRL 

TR1(-) vs 

CTRL 

TR1(-)TR4(+) 

vs CTRL 

TR2(-) vs 

CTRL 

TR2(-)TR4(+) vs 

CTRL 

IL6 22,078 --- --- 12,953 7,230 

IL1β 24,507 6,522 --- 26,327 43,493 

IL8 --- --- --- 9,224 --- 

TNFα 22,175 --- --- 24,352 26,476 

SAA1 --- 13,148 --- 45,945 --- 

SAA2 36,341 23,447 --- 91,442 149,793 

From the microarray results (Table 3.6), it was demonstrated that almost shown 

cytokines were highly up-regulated in TR4(+) and TR2(-)TR4(+) cells whereas all 

cytokines were undetected in TR1(-)TR4(+). Also, TR1(-) showed no expression of IL6, 

IL8, TNFα and a rather low IL1β. 
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Figure 3.14| Expression level of some inflammatory cytokines. Colo357 cells with differentially 

expressed TRAIL receptors were seeded (3.5x105 in 6-well format) and incubated for 48 hours. Then the 

protein level of IL6 (A) and IL8 (B) were detected in the cell culture supernatant via ELISA. In parallel the 

cells in the wells were counted and the values of the detected cytokines were calculated per 105 cells. 

ANOVA was used to determine the significance (*, n=3, p-value < 0.05). Shown is the mean of three 

experiments (biological replicates) performed. 

To confirm the microarray results, ELISAs were performed to test the levels of IL6 

and IL8 in the cell culture supernatant (Figure 3.14). The ELISA analyses indicated a high 

levels of IL6 and IL8 levels in the supernatant of the cells with up regulated expression of 

TRAIL-R4 [TR4(+)] and also in TR2(-)TR4(+) cells. Regarding IL8, also TR2(-) 

demonstrated a high level of IL8 in the supernatant. On the contrary, the expression of both 

IL6 and IL8 were markedly reduced in cells with the down regulated expression of 

TRAIL-R1 and more intensively with TRAIL-R4 up-regulation [TR1(-)TR4(+)]. 

Evidently, TRAIL-R4 augmented the expression of the genes coding for IL6 and IL8 but 

the presence of TRAIL-R1 is essential for this process. 
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Figure 3.15| RT-PCR analysis of the level of IL6 in Colo357 cells. Colo357 cells with differentially 

expressed TRAIL receptors were seeded (4x105 in 6-well format) and incubated for 24 hours and the mRNA 

level of IL6 was determined by RT-PCR. Illustrated is the fold change of IL6. ANOVA was used to 

determine the significance (*, n=2, p-value < 0.05). Shown is the mean of three experiments (biological 

replicates) performed. 

Additionally, RT- PCR analysis was performed to detect mRNA level of IL6 levels 

in Colo357 cells (Figure 3.15). The PCR results showed a marked increase in the levels of 

IL6 in both cell lines with TRAIL-R2 knockdown, although that was not evident from 

ELISA. These results coincide with the microarray results. For the abovementioned 

experiments, one can deduce that TRAIL-R4 up-regulation either alone or concomitantly 

with TRAIL-R2 down regulation [TR2(-)TR4(+)] showed the highest inflammatory status 

in all Colo357 cells. However, the cells with TRAIL-R2 knockdown showed high levels of 

IL6 on the mRNA level as seen in the RT- PCR results in comparison to a rather low level 

in the supernatant as depicted via ELISA. Thus, only TR4(+) cell line is capable of up-

regulating IL6 on both the mRNA and protein levels.  

3.2. Changes in the expression of stemness markers (Nanostring) 

Another transcriptional analysis was performed using the Colo357 cells by means of 

the Nanostring technology. Nanostring is a new ultrasensitive technology that tests the 

gene expression via its nCounter assays. The nCounter analysis confirmed again the levels 

of the TRAIL receptors (Table 3.7). The level of TRAIL-R1 was suppressed more than 

three folds in TR1(-) cell line and more than 2 folds in TR1(-)TR4(+) cells. Besides, the 

knockdown of TRAIl-R2 was detected to be (-1.69) and (-2.27) in TR2(-) and TR2(-

)TR4(+), respectively. Furthermore, the level of TRAIL ligand showed some alterations 

between the cell lines, where TRAIL recorded an augmentation of the mRNA in TR4(+) 
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and TR1(-) cell lines than the other cell lines, 1.67 and 1.83, respectively. Yet again, the 

nCounter did not detect our artificially over expressed TRAIL-R4. Therefore, it was not 

possible to confirm the up-regulation of TRAIL-R4 using this technology. 

Table 3.7| nCounter analysis of TRAIL and TRAIL receptors 

 TR4 vs 

CTRL 

TR1(-) vs CTRL TR1(-)TR4 vs 

CTRL 

TR2(-) vs CTRL TR2(-)TR4 

vs CTRL 

TRAIL 1,67 1,83 1,13 1,27 1.34 

TRAIL-R1 1,13 -3,35 -2,57 1,17 1.53 

TRAIL-R2 1,03 1,01 1,02 -1,62 -2,27 

TRAIL-R3 -1,35 -1,34 -2,21 -1,69 1,03 

TRAIL-R4 1,21 1,49 -1,14 1,12 1,3 

Using nCounter, we analyzed specifically the expression of 199 stemness-related 

genes. The first filtering criteria was setting up a cutoff of ≥ 30 gene counts, thus a list of 

only 137 genes were further analyzed. The second filtering criterion was a fold change 

cutoff of ≥ 2 or ≤ - 2. It is shown that TR1(-), TR2(-) and TR2(-)TR4(+) cell lines 

displayed the highest alterations on the stemness markers among the six investigated cell 

lines (Table 3.8). In TR1(-)TR4(+) cell line, there was a subtle balance between the 

stemness markers. Additionally, TR4(+) cell line showed a rather balanced state with three 

stemness markers up-regulated (>2) in comparison to two down regulated (> -2), however, 

evidently was the strong down regulation of WNT3A. Moreover, TR1(-) showed a clear 

up-regulation of both WNT2B and CDH2 (N-Cadherin) followed by DLL1, PLAU, 

PRKCQ and WNT7A to a lesser extent. Finally, TRAIL-R2 knock down cell lines 

expressed a high level of CDH2 or WNT2B in TR2(-)TR4(+) and TR2(-), respectively. 

Therefore, the overall nCounter analysis demonstrated that TRAIL receptors play a role 

WNT signaling and also cadherins.  

Table 3.8| nCounter analysis of the differentially regulated stemness markers  

Gene 

Name 

TR4(+ ) vs 

CTRL 

TR1(-) vs 

CTRL 

TR1(-)TR4(+) vs 

CTRL 

TR2(-) vs 

CTRL 

TR2(-)TR4(+)vs 

CTRL 

BMP2 1,98 -2,37 -1,30 1,7 1,9 

CDH2 -2,97 34,21 0,46 4,33 12,45 

DLL1 1,3 2,72 1,54 1,43 1,39 

GLI3 -1,91 -1,6 -0,83 -2,69 -2,67 

PLAU 2,02 3,2 2,13 2,92 6,25 

PRKCQ 1,79 2,36 -1,06 1,84 2,43 

SMO -1,35 -1,23 -0,47 -2,01 -1,42 

WNT2B 7,84 26,86 3,78 21,71 6,74 

WNT3A -14,87 -7,11 -0,65 -13,21 -2,63 

WNT7A 3,05 3,81 2,03 2,72 4,44 
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Furthermore, the list of the altered stemness markers was loaded into StemChecker 

bioinformatics tool for additional in silico GSEA (Table 3.9, 3.10). The StemChecker 

analyses derive its conclusion from previous expression profile, transcription factor gene 

profile data and also from literature (Pinto et al., 2015). Additionally, this bioinformatics 

tool provides a list of transcription factors that are targeted by the transcriptionally 

dysregulated genes (Figure 3.16, 3.17). From the StemChecker analysis, it can be deduced 

that SUZ12, SOX2, OCT4 and NANOG are among the significantly correlated 

transcription factors that can be manipulated via the altered gene list. Not to mention that 

four out of the ten dysregulated genes were correlated with embryonic stem cell 

characteristics thus denoting the state of un-differentiation in the studied cell lines. Other 

genes predicted to be implicated in hematopoietic, mammary stem cells and embryonal 

carcinoma. The overall analysis indicated that TRAIL receptors play a role in cell 

differentiation as well as stemness potential. 

Table 3.9| Stem cell Types affected by the significantly altered genes 

Cell Type Overlapping Genes p-value Adjusted p-value 

Embryonic Stem cells 4 0.062 0.556 

Hematopoietic Stem cells 1 0.409 1 

Mammary Stem cells 1 0.151 1 

Embryonal carcinoma 1 0.297 1 

Table 3.10| Transcription factor targets of the significantly dysregulated genes 

Set Name Overlapping Genes p-value Adjusted p-value 

SUZ12 5 5.79E-4 0.006 

SOX2 4 0.002 0.022 

OCT4 2 0.034 0.344 

NANOG 3 0.04 0.4 

SMAD2 1 0.066 0.657 

SMAD3 1 0.066 0.657 

SMAD4 3 0.121 1 

 

http://193.136.227.168:8080/stemchecker/stemsetdata.jsf?p=t34
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Figure 3.16| Radar charts of the stem cell types and StemChecker data sources. The final dysregulated 

stemness genes that were significantly altered in the different Colo357 cells with the differentially expressed 

TRAIL receptors were further analyzed by means of StemChecker bioinformatics tool. A, radar chart 

representing the involvement of the altered genes in the different stem cell types as generated by 

StemChecker, B, radar chart of the stemness signature data sources used by StemChecker, which are derived 

from expression profiling, Transcription factor (TF) target genes and literature citations. 
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Figure 3.17| Radar chart of the highly altered transcription factors. The final dysregulated stemness 

genes that were significantly altered in the different Colo357 cells with the differentially expressed TRAIL 

receptors were further analyzed by means of StemChecker bioinformatics tool. The chart points towards 

possible transcription factors that can be possibly involved in the stemness process according to the 

transcriptionally modulated gene list. 

4. In vitro functional analyses of the different Colo357 cell lines 

Multiple functional analyses were performed to determine whether TRAIL 

receptors dysregulation would affect the aggressiveness of Colo357 cells. Hereby, the 

consequences of the interplay between the three studied receptors were tested from the 

morphological point of view and on the level of adhesion, proliferation, migration, and 

EMT.  

4.1. Morphological characteristics of Colo357 cell lines 

Since Colo357 cell line originated from differentiated metastatic epithelial cells, we 

tested if the manipulations of the TRAIL receptor gene expression would change the 

original behavior of the cells. The morphological characteristics of the six cell lines were 

assessed under light microscopy (Figure 3.18). From this aspect, the cell lines appeared 
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rather similar and the cells looked relatively cubical in shape. Nevertheless, it was 

observed that all the cell lines of Colo357 grow at first as compact colonies and if allowed 

to grow, they formed a complete monolayer with exception of TR1(-)TR4(+) cells. 

  
Colo357 CTRL, 10X Colo357 TR4(+), 10X 

  
Colo357 TR1(-), 10X Colo357 TR1(-)TR4(+), 10X 

  
Colo357 TR2(-), 10X Colo357 TR2(-)TR4(+), 10X 

Figure 3.18| Light microscopy-based pictures of the different Colo357cell lines. Colo357 cells with 

differentially regulated TRAIL receptors were seeded (4x105 cells, 6-well format) and were incubated for 

24 hours. Light microscopic pictures were taken with 10x magnification lens (scale 128µm). 

4.2. Impact of TRAIL receptors interplay on other adhesion molecules 

Upon the characterization of the behavior of the different cell lines in culture, it was 

noticed that the adhesion of the different Colo357 cell lines vary considerably. TR1(-

)TR4(+) cell line failed not only to form a monolayer, as previously mentioned, but also it 
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took shorter time to detach after incubation with trypsin than the other cell lines. The 

detachment duration in Colo357 cell lines ranged from circa 10 minutes in TR1(-)TR4(+) 

to ~30 minutes for TR4(+) and both cell lines with TRAIL-R2 knockdown. This 

conclusion was also supported by the in silico predictions. Therefore, some ECM-cell 

adhesion molecules were tested together with determining the viability of the cells when 

seeded on different extracellular matrix protein. 

 

 

Figure 3.19| Expression levels of proteins involved in cell-ECM adhesion. Colo357 cells with 

differentially expressed TRAIL receptors were seeded and incubated for 24 (4x105 cells, 6-well format) and 

(2.5x105 cells, 6-well format) 48 hours. Then the protein levels of integrin αV, β1 and β6 were determined in 

whole cell lysate via Western blotting. On the left panel, CTRL, TR4(+), TR1(-) and TR1(-)TR4. On the 

right side, CTRL, TR4(+), TR2(-)and TR2(-)TR4(+).The detection of beta actin is shown as loading control. 

The shown experiment is a representative of three performed exhibiting a similar trend.  

4.2.1. Impact of TRAIL receptors interplay on cell-ECM adhesion 

To examine the difference in cell adhesion capabilities, the protein levels of 

integrin alpha V, beta 1 and beta 6 were measured in all Colo357 cell lines by Western 

blotting (Figure 3.19). The levels of the integrins measured were in line with the cell 

culture observations. The Western blots showed again that TRAIL-R4 over expression 

exhibited refractory effects. Clearly, TRAIL-R4 [TR4(+)] appears to augment the tested 

integrin levels, however this effect is reversed upon TRAIL-R1 suppression [TR1(-

)TR4(+)] and mostly abolished via TRAIL-R2 knock down [TR2(-)TR4(+)]. Also, the 

integrin levels were enhanced in TR1(-) and both TR2(-) and TR2(-)TR4(+) cells. 
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4.2.2. Impact of endogenous TRAIL on cell-ECM adhesion  

To address whether the production of the endogenously expressed TRAIL 

manipulate the detected adhesion discrepancies, the changes in integrin levels were tested 

under treatment with a neutralizing antibody against human TRAIL (anti-TRAIL) by 

means of Western blotting (Figure 3.20). Consequently, we found that the integrin protein 

level changes were completely independent of the endogenously produced TRAIL. Again, 

the levels of Integrin αV, β1 and β6 were enhanced in TR1(-), TR2(-) and TR2(-)TR4(+) 

cell lines. Also the array of TRAIL-R4 knock-in effects on the integrin levels were also not 

altered by neutralizing the endogenous TRAIL. 

  

 

 

 

Figure 3.20| Impact of endogenous TRAIL on cell-ECM adhesion molecules. Colo357 cells with 

differentially expressed TRAIL receptors were seeded (4x105 cells, 6-well format) with and without adding 

a neutralizing antibody against TRAIL and incubated for 24 hours. The protein levels of integrin αV, β1 and 

β6 in the whole cell lysate were visualized via Western blotting. Left panel show CTRL, TR4(+) and two 

TRAIL-R1 knockdown samples. This experiment was done to determine whether the endogenous TRAIL 

ligand drive the integrin changes demonstrated in the studied cells. Right panel shows CTRL, TR4(+) and 

the two TRAIL-R2 samples. The detection of beta actin is shown as loading control. The shown experiment 

is a representative of three performed exhibiting a similar trends. 

4.3. Impact of TRAIL receptors interplay on proliferation 

4.3.1. Impact of TRAIL receptors interplay on proliferation independent of 

ECM components 

To study the possible impact of the TRAIL receptors’ modification on cell 

proliferation, the cell counting technique was applied. From the results (Figure 3.21), one 

can interpret that Colo357 cells with TRAIL-R2 down regulation have the highest 

proliferative capacity regardless of the TRAIL-R4 status. On the second level came TR1(-
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), TR4(+), CTRL and slowest was TR1(-)TR4(+) cell line. Accordingly, it can be deduced 

that TRAIL-R4 abundance accelerated Colo357 proliferation capacity. Yet, TRAIL-R1 

knockdown reverses this TRAIL-R4-driven induction of cell proliferation, meanwhile, 

TRAIL-R2 knockdown abolishes TRAIL-R4 effects. Altogether, the concomitant 

expression of TRAIL-R2 and up-regulation of TRAIL-R4 decelerated the cellular growth 

only with TRAIL-R1 suppressed expression. However, the simultaneous expression of 

both TRAIL-R1 and -R2 with up-regulated TRAIL-R4 induces proliferation in Colo357 

cells. 

 

 

 

Figure 3.21| Impact of TRAIL receptors interplay on proliferation (cell count). Colo357 cells with 

differentially expressed TRAIL receptors were seeded (1.5x105 cells, 6-well format) and incubated. Later, 

the cells were counted using Cellometer® at two time points; 24 and 96 hours. The first reading was set as 

100% (seen in white) and the 96 hours reading (seen black) was calculated accordingly. Shown is the mean 

of three independent experiments (biological replicates). ANOVA was used to determine the significance 

(*, n=3, p-value < 0.05).  

Additionally, the proliferative capacity of Colo357 cell lines was analyzed via 

xCELLigence assay. According to the xCELLigence results (Figure 3.22), it was found 

that TR2(-)TR4(+) had the highest proliferation rate followed by TR1(-), TR4(+), TR2(-) 

and still the slowest are the CTRL and TR1(-)TR4(+) cell lines. The xCELLigence results 

were consistent with the cell counting, as it also shows that TRAIL-R4 up-regulation in 

Colo357 – whether alone or in context of TRAIL-R2 knockdown – induces cellular 

proliferation unlike its effect with TRAIL-R1 knockdown. 
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Figure 3.22| Impact of TRAIL receptors interplay on proliferation (xCELLigence assay). Colo357 cells 

with differentially expressed TRAIL receptors were seeded (0.6x104 in 100µl) in xCELLigence plates and 

incubated 90 hours. The upper panel shows the cell index as measured over the course of time, where the 

lower panel shows additionally the standard deviation. Shown is a representative experiment (technical 

replicates) of three performed exhibiting a similar trend.  

4.3.2. Impact of TRAIL receptor interplay on cell proliferation on different 

ECM components  

The capability of the different cells to proliferate on both fibronectin- and tenascin-

c plated wells was tested using Alamar blue-based analysis (Figure 3.23). The aim was to 

test the proliferation of the cells once seeded on either one of the benign normally present 

ECM protein namely fibronectin (Bentzinger et al., 2013) or one of the malignant ECM 

component, tenascin-c, which is mainly found in cancer microenvironment (Esposito et al., 

2006). Thus, comparing which cells will be able to proliferate on tenascin-c. Accordingly, 

it was observed that the cell proliferation on both PBS and fibronectin-plated wells were 

insignificant in all the groups (Figure 3.21). Vainly, the two cell lines with TRAIL-R2 

down regulation could not even detach after more than one hour incubation with Accutase, 

when seeded on fibronectin. However, the impact of tenascin-c showed significant 

alterations in the proliferation between the different cell lines. Apparently, most of the cell 

lines were limitedly proliferating in the presence of tenascin-c, only two cell lines could. 

There was circa 20% decrease in the proliferation in CTRL, TR4(+), TR1(-) and TR2(-) 

cell lines. Yet, TR1(-)TR4(+) and TR2(-)TR4(+) cell lines did not show any significant 
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change in their proliferation potential when seeded on tenascin-c compared to CTRL, 

TR4(+), TR1(-) and TR2(-) cells. Obviously, these two cell lines can multiply more readily 

when seeded on tenascin-c unlike the rest of the cell lines that showed a significant 

suppression in cell growth. Thus, the studied cell lines showed evident proliferation 

preferentiality to certain ECMs in the surrounding environment.  

 

  

Figure 3.23| Proliferation of the different cell lines on different ECM molecules. The fluorescence 

intensity of Alamar Blue was detected via Tecan sunrise fluorometer. The plates (96-well format) were 

plated with tenascin-c (0.1µg/cm2), fibronectin (0.1µg/cm2) or on PBS- washed wells. Then, Colo357 cell 

lines with differentially expressed TRAIL receptors were seeded (1.5x104 cells) and were incubated for 72 

hours then Alamar blue was added and the fluorescence was measured after the substrate reduction. 

ANOVA was used to determine the significance (*, n=2, p-value < 0.05), ns=non-significant. Shown is the 

mean of two independent experiments (biological replicates) performed.  

4.4. Impact of TRAIL receptors interplay on migration 

The migration capacity of the studied cell lines was also investigated to explore 

another aspect of the involvement of TRAIL receptors in the malignant behavior. 

Migration was assessed via scratch assay/wound healing technique and the duration taken 

by each cell line to the close the ~500µm cell-free gap was measured at time-intervals. In 

the migration assays performed, Mitomycin-C was used to halt cellular proliferation. 

Therefore, the observed results can only demonstrate cellular migration (Figure 3.24). As 

demonstrated, the migratory speed of Colo357 cell lines were identified and the fastest rate 

was observed in TR1(-) followed by TR2(-) together with TR2(-)TR4(+) then TR4(+) then 

CTRL and the slowest rate was encountered with TR1(-)TR4(+) cells. Thus, the scratch 

assay results showed that the migration of the cells was accelerated by TRAIL-R4 up-

regulation but the concomitant knockdown of TRAIL-R1 [in TR1(-)TR4(+)] reverses this 

capacity. Moreover, no effect was seen upon TRAIL-R4 upregulation in TR2(-)TR4(+) 

cells. 
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Figure 3.24| Impact of TRAIL receptors interplay on migration. Colo357 cells with differentially 

expressed TRAIL receptors were seeded (8x104 cells) on both sides of the Ibidi® culture inserts. 24 hours 

later, the inserts were removed leaving a 500µm gap. The cells were treated with Mitomycin C for 3 hours 

to inhibit proliferation. The cells were allowed to close the gap and pictures were taken at different time 

points to follow up the speed. A, Sequential pictures taken during the scratch assay at different time points. 

B, graph showing the rate by which each cell line closed the cell free area (dividing difference in cell free 

area by the difference of time). Shown is the mean of two independent experiments (biological replicates) 

performed (scale bar =166µm).  
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4.5. Impact of TRAIL receptors interplay on EMT 

As described before, it was observed that TR1(-)TR4(+) cell line could not form a 

monolayer and was the fastest cell line to detach with trypsin incubation. Thus, this cell 

line might be considered – theoretically – to be showing more mesenchymal 

characteristics. Consequently, some EMT markers were evaluated in the different cell 

lines. However, we could not validate this hypothesis, in fact there were no changes seen in 

E-Cadherin, TWIST, Snai1, or SLUG protein levels (Figure 3.25). 

 

5. In vivo experiments 

5.1. Colo357 cell lines in orthotopic tumor model in mice 

As previously elaborated, TRAIL-induced signaling is both the devil and divine, due to 

the concomitant activation of the non-apoptotic inflammatory pathway that is feared to 

worsen the patients’ condition. Additionally, in the current study, we could show that the 

inflammatory cytokines IL6 and IL8 were also altered upon TRAIL receptor 

manipulations. Thus, that is what we expected and eventually observed upon performing 

the animal experiments. We have performed two animal experiments using SCID-beige 

mice in order to validate the in vitro data obtained from Colo357 cell lines. The first 

 

Figure 3.25| Expression levels of proteins involved in EMT. Colo357 cells with differentially expressed 

TRAIL receptors were seeded (4x105 cells, 6-well format) and incubated for 24 hours. The protein levels of 

E-Cadherin, TWIST, Snai1 and SLUG in the whole cell lysate were visualized via Western blotting. The 

detection of beta actin is shown as loading control. The blots revealed no difference between the different cell 

lines. 



Results 

 80 

experiment entailed 8 mice per group and spanned over a period of twenty eight days 

(Figure 3.26, 3.27). At the end point, the mice developed rather small tumors; nevertheless 

the experiment had to be ended because the animals had developed large cysts. Overall, the 

tumor weights and sizes did not show significant differences between the different groups. 

Mice with knockdown of TRAIL-R1 presented with relatively the heaviest tumors. Also, 

the tumor sizes were rather similar with the largest being recorded in TR1(-)TR4(+) group, 

where the mice demonstrated the largest pancreatic cysts.  

 

 

Figure 3.26 | Primary tumor weight and size analyses of the orthotopic tumor model. SCID-beige mice 

were orthotopically injected with Colo357 cells with differentially expressed TRAIL receptors in the 

pancreas. At the end point, the tumors were extracted and the size and weight were determined. A, the end-

weight of the tumors including cysts, B, end-size of the tumors including cysts in all mice (n=8) in the 

different groups. Significance was calculated via adjusted Kruskal Wallis method (*, p-value < 0.05).   

 The number of grossly observed hypo-pigmented spots was counted as probable 

metastases at organ harvesting (Figure 3.27). There were no hypo-pigmented spots on the 

surfaces of either the spleens or the livers of TR1(-) group. Likewise, there were no liver or 

spleen surface hypo-pigmentation in TR4(+) and TR2(-) groups, respectively. Both TR2(-) 

and TR2(-)TR4(+) groups showed the most number of mice with hypopigmentation on the 

liver’s surface, especially in TR2(-)TR4(+) group. 
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Figure 3.27| Overall analysis of the orthotopic animal experiment. SCID-beige mice were orthotopically 

injected with Colo357 cells with differentially expressed TRAIL receptors in the pancreas. Tumors from all 

the mice from each group (n=8) were examined at the experiment’s end-point. The graph shows the percent 

of the end-tumor weight and size together with the liver and spleen metastasis. 

Additionally, the tumors where monitored via sonography (Figure 3.28) that was 

performed twice and one MRI was done at the end point (Figure 3.29 a,b). 

Ultrasonography allowed us to measure the tumor volumes and the cyst size. Technically, 

it was difficult to detect any metastasis in the ultrasound images. Indeed, the tumor 

volumes depicted from the sonography data goes in line with our grossly estimated 

calculations at the experiment end point. 

 

Figure 3.28| Volumetric analysis of the primary tumor (ultrasound). SCID-beige mice were 

orthotopically injected with Colo357 cells with differentially expressed TRAIL receptors in the pancreas. 

Primary tumors were followed-up via ultrasound twice through the course of the experiment (n=8 per 

group). A; 3D image reconstruction of the ultrasound pictures, primary tumor lined with red color and the 

cyst inside (seen in turquoise), shown is a mouse from TR4(+) group B; primary tumor volumes as depicted 

from sonography data. Significance was calculated via adjusted Kruskal Wallis method (*, p-value < 0.05). 
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From the MRI (Figure 3.29 a, b), the tumor sizes were measured, as well as the 

cysts and the possible metastases. From this imaging modality, the primary tumor volumes 

calculated confirmed the gross and ultrasonic measurements. Again, the two mice groups 

with TRAIL-R1 knockdown produced larger tumors than the other groups. Despite the 

apparent discrepancy between TR1(-) and TR1(-)TR4(+) groups and the others still these 

changes were not significant. Furthermore, the MRI was the only modality that allowed the 

counting of all possible liver and abdominal wall metastasis. Interestingly, although the 

TR1(-)TR4(+) group developed relatively the largest tumors, there was no metastasis 

observed in these mice. Additionally, mice in the group injected with TR4(+) cells did not 

show gross metastasis as well. The CTRL group showed the most metastasis followed by 

TRAIL-R2 knockdown groups with or without TRAIL-R4 up-regulation and TR1(-) 

group. Worth mentioning that TR1(-) developed more abdominal wall metastasis than liver 

metastasis (=21), conversely, the TRAIL-R2 knockdown groups formed less abdominal 

wall than liver metastasis (=12). 

 

Figure 3.29a| MRI image of the orthotopic tumor model. SCID-beige mice were orthotopically injected 

with Colo357 cells with differentially expressed TRAIL receptors in the pancreas. MRI scanning was done at 

the end-point of the in vivo experiment (n=8 mice per group). An example of an MRI images showing the 

sagittal (upper left), coronal (lower left) and axial (right) views of a mouse [an example from TR1(-) group]. 

The arrow is pointing to the tumor site.  
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Figure 3.29b| MRI image analyses of the orthotopic tumor model. SCID-beige mice were orthotopically 

injected with Colo357 cells with differentially expressed TRAIL receptors in the pancreas. A, Total number 

of Mice showing metastasis (both liver and abdominal wall) as detected from the MRI image scans in each 

group (n=8 mice per group). B; Mean tumor volume as measured by MRI. Significance was calculated via 

adjusted Kruskal Wallis method (*, p-value < 0.05). 

Moreover, the immunohistochemical staining of paraffin-sections from the tissues 

obtained from these experimental tumors showed an extensive slimy structure with small 

scattered islands of tumor cell collection in the primary tumor site (Figure 3.30). The tumor 

was largely comprised of signet-ring like cells. This unusual pathology made the analyses 

of our staining very difficult.  

  

A 

B 200 

180 

160 

140 

120 

100 

80 

60 

40 

20 

20 

0 

V
o

lu
m

e 
m

m
3

 (V
o

x
el

 c
o

u
n

t 
x

 r
es

o
lu

ti
o

n
) 

0

1

2

3

4

5

6

7

N
u

m
b

er
 o

f 
M

ic
e 



Results 

 84 

 

 

Figure 3.30| Immunohistochemical staining of the primary tumor tissues. SCID-beige mice were 

orthotopically injected with Colo357 cells with differentially expressed TRAIL receptors in the pancreas. 

The tumor tissues extracted from the mice were partially blocked in paraffin and prepared for 

Immunohistochemical staining. A; Hematoxylin and Eosin staining of the orthotopic tumor tissue sections, 

an example from TR2(-)TR4(+) primary tumor (PT) tissues (scale bar = 2000µm). B, enlarged image (scale 

bar = 3000µm). The animals developed anomalous tumors showing scattered tumor cell islands with 

intervening lakes of fluid and/or clear signet-ring like cells. 

5.2. Colo357 cell lines in subcutaneous model in mice 

Owing to the difficulties faced with the orthotopic model of Colo357 cell lines, 

another animal experiment was done. In this experiment, the cells were injected 

subcutaneously in SCID-beige mice (Figure 3.31). One million cells were injected 

subcutaneously in the flanks with 5 mice per group. Notably, the subcutaneously grown 

tumors exhibited more solid nature and this model also allowed for the follow-up of tumor 

volume development over the course of the experiment (Figure 3.31 a, b). Generally, the 

trend of the tumor development followed the in vitro proliferation results. The largest 

primary tumor volumes were detected in TRAIL-R4 over expression cell lines followed by 

TR1(-), TR2(-) and TR2(-)TR4(+) groups. And as expected from the in vitro analyses, 

TR1(-)TR4(+) formed the smallest tumors with the slowest rate of growth. Similarly, 

tumor weighing followed the same tendency (Figure 3.31 c). 

Mouse #48 PT_Colo357, TR2(-)TR4(+)

6 x 500µm

1 x 2000µm
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Figure 3.31| Overall analysis of the subcutaneous animal experiment analysis. SCID-beige mice were 

subcutaneously injected with Colo357 cells with differentially expressed TRAIL receptors in the flanks. A; 

primary tumor volume development over the course of the experiment, B; primary tumor volume growth 

rate, measured by dividing the difference in tumor volume by time difference (days). C; primary tumor 

mean weight in the different groups, Significance was measured by Kruskal Wallis and adjusted with Holm 

FWER method (*, p-value < 0.05).  
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6. Patient cohort study 

 With the successful characterization of Colo357 cell lines and similarities between 

the in vitro and subcutaneous in vivo study results, it was rather intriguing to know whether 

these conclusions could be adapted to the patient as well. Therefore, a cohort of 106 PDAC 

patients’ tissues was studied. The tissue samples were collected postoperatively from the 

patients, this cohort was previously analyzed in Prof. Anna Trauzold group (Haselmann et 

al., 2014). The former study was done to emphasize on the importance of the nuclear 

expression of the TRAIL receptors. This PDAC patients' panel was then adapted with our 

proposed system and the data were reanalyzed accordingly. The original data included a 

number of 51 female (48.1%) to 55 male (51.9 %) patients. The patient age ranged from 47 

to 85 years old at the operation day. The tumor differentiation grading ranged from G1 

(10,4%), G2 (55,7 %), G3 (33%) to G4 (0.9%). 

 The patients’ tissue-sections were immunohistochemically stained for TRAIL-R1, -

R2 and -R4. In order to conform to the groups investigated in the current study, the levels 

of the TRAIL receptors were re-evaluated and from the total of 106 patients only 35 

patients (33.02%) fitted with our groups (Table 3.11). Keeping in consideration the small 

number of patients in each group, the analysis revealed that the largest patient sub-group 

(n=15) was equivalent to TR1(-)TR4(+) cells followed by 12 patients in TR4(+), five 

patients in TR1(-). Finally, the lowest represented cases were patients with TRAIL-R2 

knockdown groups (n= 3) pattern with zero percent survival, despite the low tumor grading 

(G1-2) (see later).  

Table 3.11| Clinico-pathological patients’ characteristics of the chosen sub-group 

 

№ of 

Patients (%) 

Gender* 

(%) 

Grade  

(№) 

Grade 

(%) 

Equivalent to TR4(+) 12 (11.32) 
1= 4 (33.3) 

2= 8 (66.7) 

G2 (6) 

G3 (6) 

G2 (50) 

G3 (50) 

Equivalent to TR1(-) 5 (4.72) 
1= 2(40) 

2= 3(60) 

G1 (1) 

G2 (3) 

G3 (1) 

G1 (20) 

G2 (60) 

G3 (20) 

Equivalent to 

TR1(-)TR4(+) 
15 (14.15) 

1= 8 (53.3) 

2= 7 (46.7) 

G1 (2) 

G2 (7) 

G3 (6) 

G1 (13.33) 

G2 (46.66) 

G3 (40) 

Equivalent to TR2(-) 1 (0.94) 2= 1(100) G1 G1 (100) 

Equivalent to 

TR2(-)TR4(+) 
2 (1.89) 

1= 1 (50) 

2= 1 (50) 

G1 (1) 

G2 (1) 

G1 (50) 

G2 (50) 
*Gender 1=male, 2=female 
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Table 3.12| Relation of TRAIL receptor pattern to staging in PDAC tissues 

Staging 
TR4(+) 

(%) 

TR1(-) 

(%) 

TR1(-)TR4(+) 

(%) 

TR2(-) 

(%) 

TR2(-)TR4(+) 

(%) 

Tumor (T) 

Tis 

T1 

T2 

T3  

T4  

 

-- 

-- 

-- 

10 (83.3) 

2 (16.7) 

 

-- 

-- 

-- 

4 (80) 

-- 

 

-- 

-- 

-- 

13 (86.7) 

1 (6.7) 

 

-- 

-- 

-- 

1 (100) 

-- 

 

-- 

-- 

-- 

1 (50) 

1 (50) 

Nodal metastasis (N) 

N0 

N1 

 

3 (25) 

9 (75) 

 

-- 

4 (80) 

 

1 (6.7) 

13 (86.7) 

 

1 (100) 

-- 

 

-- 

1 (50) 

Distal metastasis (M) 

M0 

M1 

Mx 

 

1(8.3) 

1(8.3) 

3(13.6) 

 

3 (60) 

-- 

-- 

 

2 (13.3) 

1 (6.7) 

3 (20) 

 

-- 

-- 

1 (100) 

 

1 (50) 

-- 

1 (50) 

Residual tumor (R) 

R0 

R1 

R2 

Rx 

 

7 (58.3) 

4 (33.3) 

-- 

1 (8.3) 

 

3 (60) 

2 (40) 

-- 

-- 

 

9 (60) 

3 (20) 

1 (6.7) 

1 (6.7) 

 

1 (100) 

-- 

-- 

-- 

 

1 (50) 

1 (50) 

-- 

-- 

Tis; Tumor In sito, T1; confined to pancreas <2cm, T2; confined to Pancreas >2cm, T3; extended outside the pancreas 

but did not invade the coeliac or superior mesenteric arteries, T4; extended outside the pancreas and invaded the coeliac 

or superior mesenteric arteries, N0; no local lymph node metastasis, N1; lymph node metastasis, M0; no distant 

metastasis, M1; distant metastasis, Mx; undetermined distal metastasis, R0; no residual tumor, R1; microscopic residual 

tumor, R2; macroscopic residual tumor, Rx; undetermined residual tumor. 

Additionally, the tumor staging was also re-evaluated in the chosen patient sub-

group using the TNM staging system (Table 3.12). Some staging information was not 

included in the database, for instance, only 4 (80%) out 5 patients were staged as T3 in 

TR1(-) and one patient was not documented. Also, in TR1(-)TR4(+) adapted group there 

were only 14 out 15 patients with documented tumor stage. 

Furthermore, the re-evaluation of the patients’ survival rate showed overall a bad 

prognosis except for patients with TRAIL-R1 low expressing tumors [TR1(-)] showed 

better survival duration (Figure 3.32). 
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Figure 3.32| Survival curves of PDAC patients tissues with differential TRAIL receptor expression 

patterns. A cohort of 35 PDAC patients’ tissue profiles were adapted to the studied TRAIL receptors’ 

modifications investigated in the current study. The post-operative survival of the patients was calculated via 

Kaplan-Meier curves where the survival probability percent is plotted against time in month.  

 These patients with low tissue expression of TRAIL-R1 had a significantly longer 

survival duration in comparison to TR1(-)TR4(+) patients (Figure 3.33) denoting, on one 

hand, the obvious impact of the collaborative TRAIL-R2 and - R4 in deteriorating these 

patients' survival chances. On the other hand, this demonstrated the essential role of 

TRAIL-R1 in driving the tumor aggressiveness.  

 

Figure 3.33| Survival curves of PDAC patients with tissue expression equivalent to TR1(-) and TR1(-

)TR4(+). A cohort of 35 PDAC patients’ tissue profiles were adapted to the studied TRAIL receptors’ 

modifications investigated in the current study. The post-operative survival of the patients was calculated via 

Kaplan-Meier curves where the survival probability percent of TR1(-) and Tr1(-)TR4(+) is plotted against 

time in month p-value was determined by using Log-Rank test (Chisq= 3.9 on 1 degrees of freedom, p= 

0.0476).  
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 Additionally the intracellular distribution of TRAIL receptors were investigated 

(Table 3.13). The cases representing TRAIL-R1 or TRAIL-R2 knockdown expressed low 

levels of the intended protein in both the cytoplasmic and nuclear compartments. 

Regarding TRAIL-R4 up-regulation, the groups expressed the protein in high levels in the 

cytoplasm in 100% of cases and to a lesser extent in the nuclei. There was a concomitant 

high expression of TRAIL-R2 with the up-regulation of TRAIL-R4 in 100% of the cases in 

TR4(+) and 80% of the cases in TR1(-)TR4(+).  

Table 3.13| Intracellular distribution of TRAIL receptors in PDAC tissues extracted from 

PDAC patients 
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№ (%) 

T
R

A
IL

-R
1

 Low   0 (0) 10 (83,33) 5 (100) 5 (100) 15 (100) 15 (100) 0 (0) 0 (0) 0 (0) 2 (100) 

Medium 12 (100) 1 (8,33) 0 (0) 0 (0) 0 (0) 0 (0) 1 (100) 1 (100) 1 (50) 0 (0) 

High 0 (0) 1 (8,33) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (50) 0 (0) 

 T
R

A
IL

-R
2

 Low  0 (0) 11 (91,67) 0 (0) 5 (100) 0 (0) 9 (60) 1 (100) 1 (100) 2 (100) 2 (100) 

Medium 0 (0) 0 (0) 3 (60) 0 (0) 3 (20) 5 (33,33) 0 (0) 0 (0) 0 (0) 0 (0) 

High 12 (100) 1 (8,33)  2 (40) 0 (0) 12 (80) 1 (6,67) 0 (0) 0 (0) 0 (0) 0 (0) 

T
R

A
IL

-R
4
  

Low  0 (0) 9 (75) 2 (40) 5 (100) 0 (0) 9 (60) 0 (0) 1 (100) 0 (0) 0 (0) 

Medium 0 (0) 0 (0) 3 (60) 0 (0) 0 (0) 1 (6,67) 1 (100) 0 (0) 0 (0) 0 (0) 

High 12 (100) 3 (25) 0 (0) 0 (0) 15 (100) 5 (33,33) 0 (0) 0 (0) 2 (100) 2 (100) 
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7. Generation of PancTuI cell lines with differentially modified expression of 

TRAIL receptors  

 In order to further 

validate the results of Colo357 

cell lines, the same system was 

intended to be mirrored in the 

PancTuI cell line. The 

construction of the TR4(+) and 

TR1(-)TR4(+) were successful. 

However, the generation of a 

TRAIL-R4 overexpressing cell 

lines was not possible in 

PancTuI TRAIL-R2 knockdown 

[TR2(-)] cells thus far. 

Consequently, PancTuI group 

lacks these two cell lines (Figure 

3.34). As depicted from the 

whole cell protein analyses, 

PancTuI cell line produced 

higher levels of both TRAIL-R4 

and -R2 than Colo357 cells. 

However, the level of TRAIL-

R1 was comparable in both cell 

lines. Additionally, the levels of 

TRAIL-R1 was successfully 

inhibited in both TR1(-) and 

TR1(-)TR4(+) cells and TRAIL-

R4 levels were boosted in both TR4(+) and TR1(-)TR4(+) cell lines. 

7.1. Detection of TRAIL receptors level on the plasma membrane 

The cell surface presentation of the TRAIL receptors in PancTuI cell lines was also 

investigated (Figure 3.35). The levels of the differentially modulated TRAIL receptors 

could be validated on the plasma membrane of PancTuI cells. Here, the knockdown of 

 

Figure 3.34| Whole protein expression level of TRAIL 

receptors in both Colo357 and PancTuI cells. The cells 

with differentially expressed TRAIL receptors were 

seeded (~4x 105, 6-well format) and incubated for 24 

hours. Later, the protein level of TRAIL receptors were 

analyzed in the whole cell lysate of both Colo357 and 

PancTuI cell lines via immunoblotting. The protein levels 

of the TRAIL receptors shows the successful alterations 

together with the basal level of each receptor in both 

studied cell lines. The detection of beta actin is shown as 

loading control. This experiment is a representative of 

three performed. 

TRAIL-R1 

 

β Actin 

 

 

TRAIL-R2 

 

 

 

 

TRAIL-R2 long exposure 

 

 

β Actin 

 

 

 

TRAIL-R4 

 

 

 

TRAIL-R4 long exposure 

 

 

β Actin 

 

 

 



Results 

 91 

TRAIL-R1 was - 57.15% and - 78.46% in TR1(-) and TR1(-)TR4(+), respectively. A 

successful TRAIL-R4 up-regulation were also observed in PancTuI cells. It was clear that 

the knockdown of TRAIL-R1 facilitated TRAIL-R4 up-regulation (~ 400%). However, the 

direct enforced expression of TRAIL-R4 was successful in the CTRL cell line by about 

90% increase in TR4(+). Additionally, both TRAIL-R1 and -R2 were slightly suppressed 

in TR4(+) cell line. Through the FACS analysis of the PancTuI cells, it was observed that 

the TRAIL-R4 and -R2 demonstrated readily more detectable levels as was previously seen 

on the protein level in comparison to Colo357 cells.  

 

TRAIL receptors’ modulations (%) 

  TRAIL-

R1 

TRAIL-

R4 

TRAIL-

R2 

TR4(+) -22,49 90,96 -13,43 

TR1(-) -57,15* 6,47 17,07 

TR1(-)TR4(+) -78,46* 439,86* 53,99 
 

Mean 

  TRAIL-

R1 

TRAIL-

R4 

TRAIL-

R2 

CTRL 13,14 22,34 46,08 

TR4(+) 10,19 42,66 39,89 

TR1(-) 5,63 23,79 53,95 

TR1(-)TR4(+) 2,83 120,61 70,96 

Figure 3.35| Plasma membrane levels of the TRAIL receptors in PancTuI cell lines; PancTuI cells 

with differentially expressed TRAIL receptors were seeded in T25 flask and incubated for 24 hours. 

Then a flow cytometric analysis was done. A, plasma membrane expression of TRAIL receptors in 

non-permeabilized PancTuI cell lines. Black area represents the corresponding IgG control and the 

hollow curve represents the intended TRAIL receptor. Shown is one experiment of three experiments 

performed. B, mean of TRAIL receptor expression from 3 experiments C, percentage of expression 

compared to CTRL. ANOVA was used to determine the significance (*; n=3, p-value < 0.05). 

A 

B C 

 TRAIL-R1           TRAIL-R2            TRAIL-R4 
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7.2. Detection of TRAIL receptors expression on mRNA level 

 

 

 

  

Figure 3.36| RT-PCR analysis of TRAIL receptors on mRNA level, PancTuI cells with differentially 

expressed TRAIL receptors were seeded (4x105 cells, 6-well format) and incubated for 24 hours. Then the 

mRNA expression level of TRAIL receptors was investigated via RT-PCR. CTRL cells were set as control. 

The mRNA of the three receptors demonstrated the successful modification of the intended receptors. A, fold 

change of TRAIL-R1, B, fold change of TRAIL-R2, C, fold change of TRAIL-R4, shown is the mean of 

three independently performed experiments (biological replicates). ANOVA was used to determine the 

significance (*, n=3, p-value < 0.05).  

Consistent with the protein levels, TRAIL-R4 mRNA levels showed a successful 

up-regulation in PancTuI (Figure 3.36), where TRAIL-R4 demonstrated a significantly 

higher levels in TR1(-)TR4(+) cell line followed by TR4(+) in comparison to their 

corresponding controls: TR1(-) and CTRL, respectively. Similarly, the down regulation of 
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TRAIL-R1 was significantly achieved in PancTuI cell lines as well and thus validating the 

overall protein expression levels of the established cell lines. Furthermore, the level of 

TRAIL-R2 was slightly boosted in the concomitant knock-in of TRAIL-R4 and restriction 

of TRAIL-R1 and also in TR1(-) cells. 

7.3. Morphological characteristics of PancTuI cell lines  

The morphology of the PancTuI cell lines was also examined and it showed no 

apparent differences between the different cell lines (Figure 3.37). Generally, PancTuI 

were smaller in size and more spindle-shaped unlike Colo357. From the colony forming 

point view, the four cell lines tend to grow in a less compact pattern in comparison to 

Colo357 cell lines. All PancTuI cell lines could form a full mono-layer if allowed to grow.  

  

PancTuI CTRL PancTuI TR4(+) 

  

PancTuI TR1(-) PancTuI TR1(-)TR4(+) 

Figure 3.37| Light microscopy-based pictures of the different PancTuI cell lines. PancTuI cells with 

differentially expressed TRAIL receptors were seeded at 4x105 cells per well (6-well format) and were 

incubated for 24 hours. Light microscopic pictures were taken with 10x magnification lens (scale bar 

128µm). 

7.4. Impact of TRAIL receptor interplay on TRAIL-induced cell death 

In order to evaluate the apoptotic and necroptotic response in PancTuI cell lines, the 

viability of PancTuI cells was also measured after the cells being treated with TRAIL or a 
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combination of zVAD, HHT and TRAIL for twenty four hours. Again, the viability of the 

four PancTuI cell lines was evaluated via EZ4U assay (Figure 3.38). From this experiment, 

the impact of TRAIL-R4 over expression on the cellular response to apoptosis and 

necroptosis was detected. TRAIL-R4 played a protective role of about 15% on both cell 

death modalities; yet, this protective effect was either decreased in case of apoptosis or 

completely lost in necroptosis when TRAIL-R1 was knockdown. Again, TRAIL-R1 

knockdown showed a protective role against both apoptosis and necroptosis. Moreover, the 

sensitizing effect of TRAIL-R4 on TRAIL-induced necroptosis was not observed in 

PancTuI cells. 

 

 

 

Figure 3.38| Viability of the different cell lines in response to TRAIL-induced cell death. Cellular 

viability was tested via EZ4U assay. PancTuI cells with differential expression of TRAIL receptors were 

seeded (1.5x104, 96-well format) and incubated for 24 hours. For apoptosis testing, the cells were either 

treated with 100ng TRAIL or left untreated. For necroptosis, the cells were pretreated with 0.5mM HHT 

and 2mM zVAD. One hour later, the cells were either treated with 100ng TRAIL or left untreated. 24 hours 

later, EZ4U substrate was added and the absorbance was read on Tecan microplate reader ever hour. Shown 

is the mean of two independent experiments (biological replicates). ANOVA was used to determine the 

significance (*, n=2, p-value < 0.05). 
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Additionally, some of the apoptotic and necroptotic signaling proteins were 

analyzed in PancTuI cells by means of Western blotting. Similar to Colo357, the result of 

the PancTuI Western blot analysis revealed that the up-regulation of TRAIL-R4 levels 

showed an anti-apoptotic protective effect (Figure 3.39). Meanwhile, this protective 

tendency was lost upon TRAIL-R1 knockdown. Therefore, it seems that TRAIL-R1 might 

be playing a role in TRAIL-R4 driven anti-apoptotic effects. Additionally, it was observed 

that TRAIL-R1 is required for optimal cell death in PancTuI. Both Caspase-3 and -8 were 

less cleaved in TR1(-) and TR1(-)TR4(+) in comparison to CTRL and TR4(+) cell lines. 

Therefore, PancTuI CTRL cell line showed the highest TRAIL-induced cell death.  

 

Figure 3.39| Expression levels of proteins involved in the apoptotic and necroptotic pathways. PancTuI 

cells with differentially expressed TRAIL receptors were seeded (3.5x105 cells, 6-well format) and incubated 

for 24 hours then the cells were either untreated or treated with 100ng TRAIL (T) to induced apoptosis. For 

necroptosis, cells were either pretreated with 2mM zVAD (Z) and 0.5mM HHT (H), or treated with 

zVAD+HHT+TRAIL to induce TRAIL-induced necroptosis. The levels of RIPK1, p-MLKL (for 

necroptosis) and casp. 8, BID, casp 3, PARP (for apoptosis) were investigated in whole cell lysates by means 

of Western blotting. The Western blots demonstrate the alterations in the proteins involved in both the 

apoptotic and necroptotic signaling pathways. The detection of beta actin is shown as loading control. Shown 

is one experiment out of two performed that show a similar trend. 

 

PancTuI differed distinctly from Colo357 in the terms of necroptosis. First of all, 

one can see a clear separation of the two death modes via p-MLKL and RIPK1 on one 

hand and BID, PARP and the caspases on the other hand in PancTuI Western blots (Figure 
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3.39). Additionally, it was noted that PancTuI showed a more readily detectable levels of 

p-MLKL and RIPK1 than Colo357. However, the distinguished roles of the individual 

TRAIL receptor members were not as clear in PancTuI necroptosis probes as it was in 

Colo357 (Figure 3.40). Here, TRAIL-R4 protects slightly against TRAIL-induced 

apoptosis as seen from the decrease PARP cleavage, as well as necroptosis as seen from 

the decreased p-MLKL level. Yet, TRAIL-R4 protection was lost with TRAIL-R1 down 

regulation. Evidently, TRAIL-R4 protective effect worked in collaboration with TRAIL-

R1 in both cell death modalities in PancTuI cells. Altogether, the knockdown of TRAIL-

R1 together with TRAIL-R4 up-regulation in PancTuI demonstrated similar effects on both 

TRAIL-induced apoptosis and necroptosis.  

7.5. Impact of TRAIL receptor interplay on inflammatory status 

Regarding the inflammatory cytokines, the expression levels of a panel of 13 

different inflammatory cytokines were investigated by means of ELISA technology. Out of 

this panel only IL-8 was significantly altered in PancTuI cells (Table, 3.13 and Figure 

 

Figure 3.40| Expression levels of proteins involved in cell death. PancTuI cells with differentially 

expressed TRAIL receptors were seeded (3.5x105 cells, 6-well format) and incubated for 24 hours. Then 

treated with either A, treated 100ng TRAIL (T), to detect the protein levels of caspase 8, tBID, caspase-3 and 

PARP in (T) treated samples only in whole cell lysate via Western blotting or B, treated with 2mM 

zVAD(Z)+ 0.5mM HHT(H)+ 100ng TRAIL(T) to detect the protein levels of RIPK-1 and p-MLKL in 

Z+H+T treated probes in whole cell lysate via Western blot. These experiments were performed to 

observe the fluctuations of the studied proteins in comparison to each other. The detection of beta 

actin is shown as loading control. Shown is one experiment out of two performed that show a similar trend. 

P55/p53 
P43/p41 

Cleaved 
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3.41). Like Colo357, TR1(-) cell line showed a reduction in IL-8 level. Unexpectedly, the 

level of IL-8 was significantly boosted with the up-regulation of TRAIL-R4 in TRAIL-R1 

knockdown cell lines. Overall PancTuI exhibited a relatively minimal changes regarding 

the inflammatory cytokines in comparison to Colo357. Additionally, the role of TRAIL-R4 

in PancTuI cell lines demonstrated an opposite behavior, regarding inflammation, to 

Colo357 cell lines. 

Table 3.14| Expression levels of inflammatory cytokines 

 

Sample ID IL-1b IFN-a IFN-g TNF-a MCP-1 IL-6 IL-8 IL-10 IL-12p70 IL-17A IL-18 IL-23 IL-33 

  pg/ml 

CTRL <1.44 <0.86 <2.93 <1.42 <2.18 2,29 128,59 <1.03 0,66 <2.59 <0.92 <2.62 <5.73 

TR4(+) <1.44 <0.86 <2.93 <1.42 <2.18 2,29 198,79 <1.03 0,66 <2.59 <0.92 <2.62 <5.73 

TR1(-) <1.44 <0.86 <2.93 <1.42 <2.18 4,91 92,67 <1.03 0,66 <2.59 <0.92 <2.62 <5.73 

TR1(-

)TR4(+) <1.44 <0.86 <2.93 <1.42 <2.18 15,38 410,89 <1.03 0,66 <2.59 <0.92 <2.62 <5.73 

 

 

Figure 3.41| Expression level of IL8. PancTuI cells with differentially expressed TRAIL receptors were 

seeded (3.5x105 in 6-well format) and incubated for 48 hours. Then the protein level of IL8 was detected in 

the cell culture supernatant via ELISA. In parallel the cells in the wells were counted and the values of IL8 

cytokine were calculated per 105 cells. ANOVA was used to determine the significance (*, n=3, p-value < 

0.05). Shown is the mean of three experiments (biological replicates) performed. 

7.6. In vitro functional analyses of the different PancTuI cell lines 

7.6.1. Impact of TRAIL receptor interplay on proliferation 

Using cell counting technique, the proliferation capacity of the PancTuI cells was 

investigated (Figure 3.42). Here, PancTuI proliferation seemed rather different from the 

Colo357 profile. In PancTuI, the effect of TRAIL-R4 up-regulation was significantly 

slowing the cellular growth in comparison to the CTRL cell line. Furthermore, the 

differences between the various cells were not significant except for the decelerated 

potential exerted by TRAIL-R4 up-regulation. Moreover, TR1(-)TR4(+) cell line showed 
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no effect on PancTuI proliferation when compared with TR1(-) cells. To recapitulate, 

TRAIL-R4 had a reciprocal effect of growth limiting in PancTuI and growth enhancement 

in Colo357 cell lines. 

 

Figure 3.42| Impact of TRAIL receptors interplay on proliferation. PancTuI cells with differentially 

expressed TRAIL receptors were seeded (1.5x105 cells, 6-well format) and incubated. Later, the cells 

were counted using Cellometer® at two time points; 24 and 96 hours. The first reading was set as 100% 

(seen in white) and the 96 hours reading (seen black) was calculated accordingly. Shown is the mean of 

two independent experiments (biological replicates). ANOVA was used to determine the significance (*, 

n=3, p-value < 0.05). 

7.6.1. Impact of TRAIL receptor interplay on migration 

The discrepancy seen between Colo357 and PancTuI was also observed on the 

migration level (Figure 3.43). From the first glance, it can be observed that the differences 

in migration rate between the four studied PancTuI cells were rather smaller when 

compared to Colo357 cells. Also, it is obvious that generally PancTuI (all gaps closed 

within 36 hours) cell lines are much faster than Colo357 (gaps closed over 96 hours). In 

PancTuI, we have observed that TR1(-)TR4(+) was the fastest to close the gap, the 

followed by TR1(-), and at last were CTRL then TR4(+) cell line. In other words, the over 

expression of TRAIL-R4 decelerated the movement of PancTuI cells and TRAIL-R1 

knockdown abolished this effect.  
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Figure 3.43| Impact of TRAIL receptors interplay on migration. PancTuI cells with differentially 

expressed TRAIL receptors were seeded (8x104 cells) on both sides of the Ibidi® culture inserts. 24 hours 

later, the inserts were removed leaving a ~500µm gap. The cells were treated with Mitomycin C for 3 hours 

to inhibit proliferation. The cells were allowed to close the gap and pictures were taken at different time 

points to follow up the speed. A, Sequential pictures taken during the scratch assay at different time points. 

B, graph showing the rate by which each cell line closed the cell free area (dividing difference in cell free 

area by the difference of time). Shown is the mean of two independent experiments (biological replicates) 

performed (scale bar 166µm). 
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IV. DISCUSSION 

Aiming towards the understanding of the interwoven interactions between the 

different members of the TRAIL receptors, a complex TRAIL receptor system was 

established. Particularly, this study was intended to thoroughly comprehend TRAIL-R4 

role in this system and test whether or not, it is just a decoy receptor or will perform 

differently in different contexts. As known from literature, the TRAIL receptor proteins are 

mainly expressed by malignant cells. On one hand, it has been reported that TRAIL-R1 

and -R2 activation via TRAIL binding initiate the apoptosis cascade. Thus, they provide a 

good possibility to drive cancer cells to their own demise (Dimberg et al., 2013; Micheau 

et al., 2013; Wiezorek et al., 2010). On the other hand, the presence of the decoy receptors; 

TRAIL-R3 and -R4 hinders this process (Bisgin et al., 2010; LeBlanc and Ashkenazi, 

2003; Riccioni et al., 2005; Sanlioglu et al., 2005). In most of the currently available 

studies, the levels of the TRAIL receptors are screened in different cancer entities to detect 

their status-quo. However, there are no studies that investigated the role of multiple 

manipulations of the TRAIL receptors on the different cancer forms yet.  

In 2009, Sanlioglu and his team stained TRAIL ligand and the four TRAIL 

receptors immunohistochemically in 34 PDAC patients’ tissues together with 31 tissues 

from patients without PDAC as control subjects. In addition, they used 

immunofluorescence to stain Annexin V as a marker for apoptosis. The tumors ranged 

from T1 to T4 on the TNM scale, from well to poorly differentiated and with/without nodal 

metastasis, yet all patients were collectively analyzed as one group. They have found that 

PDAC patients’ tissues demonstrated high levels of TRAIL-R1 and -R4 receptors in 

comparison to non-malignant tissues (Sanlioglu et al., 2009). This observation could 

represent our proposed group TR2(-)TR4(+) which could not only denote the presence of 

PDAC but also point out an aggressive form of it as was demonstrated in the current study. 

In 2013, another group investigated the four TRAIL receptors in 84 PDAC patients. 

They performed a microarray analysis and then stained the patients’ tissues. The group 

concluded that the surface staining of TRAIL-R1 and -R2 decreased in PDAC in 

comparison to the surrounding tumor-free zones. Moreover, they correlated the loss of the 

surface expression of TRAIL-R2 to poorer outcome in patients with nodal spread. 

However, they have found no prognostic relevance for TRAIL-R3 and -R4 (Gallmeier et 
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al., 2013). Likewise, other studies mainly stained the TRAIL receptors and correlated their 

surface expression with other diseases i.e. hepatitis C, inflammatory bowel diseases, 

varicocele-induced testicular dysfunction and meningioma (Brost et al., 2014, 2010; Celik 

et al., 2013; Koschny et al., 2015). Also, TRAIL receptors have been implicated in bad 

prognosis in some malignancies, for instance, the decrease in the plasma membrane levels 

of TRAIL-R1 and -R2 in hepatocellular carcinoma cells was correlated with decreased 

survival. In the same study, it was also found that TRAIL-R2 was lost in the hepatocellular 

carcinoma cells in comparison to the peri-tumoral tissues (Kriegl et al., 2010). 

Additionally, nuclear localization of TRAIL-R2 was correlated with bad prognosis 

(Haselmann et al., 2014). However investigating the actual interplay between the TRAIL-

R1, -R2 and -R4 was not previously addressed. Therefore, the current research focused on 

this complex interdependence of the TRAIL receptors in order to see the wide array of 

actions induced by these receptors. 

TRAIL receptors interplay models 

This study aimed to provide 

the impact of the different TRAIL 

receptors’ modulation on PDAC cell 

behavior. However, we faced an 

obstacle that the reaction of the two 

studied cell lines did not coincide. 

Nevertheless, different scenarios can 

be foreseen that can help in 

anticipating the tumor 

aggressiveness and possible 

prognosis to benefit the patients (see 

Figure 4.1 for a simple guide for the 

scenarios' illustrations).  

At the first glance, PancTuI appears to have a more aggressive nature. That was 

proven rather correct in terms of migration speed, where all PancTuI cell lines closed the 

gap in maximally 36 hours, unlike Colo357 cells that closed the gap in 96 hours (Figure 

4.2). However, the overall picture revealed that CTRL cells in both cell lines have rather 

the same proliferative capacity (96 hours counts were ~350 % of the 24 hours counts). 

• Blue cells = untransformed cells 

• Shades of red =inflammatory degree 

 

• Number of cellular edges= aggressiveness 

 

• Opened edges show migratory capabilities 

 

 

• Black lines = Adhesion 

• CEACAM level = dark cell edges 

Figure   1| Scenarios’ illustration guide  
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Despite IL8 cytokine expression levels implied that PancTuI have a reversed inflammatory 

status as Colo357, the situation is much more complicated than the mere IL8 level analysis. 

Regarding PancTuI, the cells showed no detectable levels of any other inflammatory 

cytokine, again unlike Colo357 where the cells – with the least levels of the inflammatory 

cytokines – still had detectable levels of IL6 and IL8. Hence, the overall inflammatory 

status in PancTuI is actually very low when compared to Colo357. From literature, 

PancTuI is a known TRAIL resistant cell line (Trauzold et al., 2003). In other words, 

PancTuI cells – that originally express higher basic levels of TRAIL-R2 and TRAIL-R4 – 

are resistant to apoptosis and exhibit a low inflammatory state. These high basic levels of 

TRAIL-R2 and -R4 might explain the apparently opposing reaction regarding the IL8 

cytokine level in both Colo357 and PancTuI. One should also bear in consideration that the 

highest level of IL8 detected in PancTuI cell lines corresponds to the level detected in 

Colo357 CTRL cell line. However, in Colo357 cells it was clear that TRAIL-R1 was 

responsible for the high inflammatory cytokines status and that was reversed by TRAIL-R1 

inhibition. 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2| Basic levels of TRAIL receptors and functional properties of the studied PDAC cells. A 

comparative state of TRAIL receptors in the CTRL cell lines of both Colo357 (A) and PancTuI (B). 

Additionally, a summary of the functional properties of these cell lines are featured in the illustration and in 

the white card.  

Colo357 cells originally expressed low amount of TRAIL-R2 and relatively low 

levels of TRAIL-R4. Regarding TRAIL-R1 expression, Colo357 expressed a comparable 

constitutive level as PancTuI cells. These receptors' expression pattern correlates with 

Colo357 basic levels of TRAIL 

receptors (CTRL) 

↓↑ TRAIL-R1 
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↓  TRAIL-R4 
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• Same proliferation rate 

• Slow migrating. 

• ↑↑ inflammatory cytokines. 
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Colo357 high sensitivity to TRAIL-induced apoptosis. Moreover, the response of Colo357 

cell lines to necroptosis was quite complex. From the above mentioned reasons, different 

scenarios can be deduced from the overall analyses. 

First scenario TR1(-)TR4(+) 

 Three of the proposed scenarios involved a high level of TRAIL-R4 in Colo357, 

these three settings showed that this receptor has multiple faces. In this first scenario, the 

TRAIL receptors expression pattern was as follows: high TRAIL-R4, low TRAIL-R1 and 

non-manipulated, constitutive levels of TRAIL-R2 [TR1(-)TR4(+)] (Figure 4.3). Plainly, 

here the scenario entails the interaction between TRAIL-R2 and TRAIL-R4 with minimal 

interference from TRAIL-R1. This cell line was resistant to TRAIL-induced apoptosis in 

Colo357 but not in PancTuI cells. In Colo357, this cell line was the least aggressive cell 

line with restricted proliferative, migratory and inflammatory capabilities and it showed a 

significant sensitivity to TRAIL-induced necroptosis. To emphasize, the bioinformatics in 

silico analyses also demonstrated that this cell line showed also suppressed biological 

processes. In addition, the stemness markers identified via the Nanostring analysis were 

also mainly unchanged or down regulated, in comparison to the CTRL cell line, except for 

3 genes that were apparently elevated. However, these three genes are actually down 

regulated in comparison to the corresponding control [TR1(-) cells]. These in vitro results 

can be supported by the subcutaneous in vivo tissue model analyses. Colo357 TR1(-

)TR4(+) cells produced no metastasis and produced the smallest primary tumor size in vivo 

as well. Furthermore, Colo357 TR1(-)TR4(+) cells were significantly more resistant to 

TRAIL-induced apoptosis than TR4(+), yet, had an increased potential for TRAIL-induced 

necroptosis. In this scenario, PancTuI demonstrated a limited increase in proliferative and 

migratory activities and one inflammatory cytokine (out of 13) was significantly elevated.  

In our patient cohort, this group was encountered in 14.1% of the studied cases. In 

this group, TRAIL-R1 was present at a low level in both the cytoplasm and nuclei of 

corresponding tissues of the patient cohort. TRAIL-R2 was moderate to highly expressed 

in the cytoplasm in 100% of cases and minimally expressed in the nuclei (60%). However, 

TRAIL-R4 was highly expressed in the cytoplasm (100% of cases) and was detected in 

100% of the cases in the nucleus. Here, we have both the combined action of TRAIL-R2 

and -R4 in mainly in the cytoplasm and to a lesser extent in the nucleus. Bearing in mind 

the isoform distribution of TRAIL-R4, one can assume that in the cytoplasm, this effect 
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could be driven by TRAIL-R2 and TRAIL-R4α. Yet, in the nucleus, the function might be 

performed via TRAIL-R2 together with either TRAIL-R4α or β. The distinction between 

the nuclear and cytoplasmic functions of these two receptors might clarify the significant 

deterioration of survival between the patients from this scenario and TR1(-) patients (see 

later), despite the promising in vitro results. Furthermore, this cell line showed the lowest 

levels of CEACAM5 and CEACAM6 in comparison to all cell lines in Colo357, denoting 

the less aggressive nature of these cells. Moreover, the deterioration in the patients’ 

survival could be explained by the fact that PancTuI TR1(-)TR4(+) cells showed the 

highest IL8 levels among all other PancTuI cell lines, that might be driven by the nuclear 

role of TRAIL-R2 and -R4. Thus, the level of IL8 should be estimated in these patients 

prior to assessing the whole patient's prognosis. Furthermore, the patient cohort studied 

was rather small and the metastatic tissues were not available for staining. Additionally, 

PancTuI is grade 3 primary cell line isolated from the pancreas of a PDAC patient, while 

Colo357 is a grade 2 metastatic cell line derived from lymph node metastasis. Therefore, 

the primary tumors from the patient cohort might reflect the effect of primary tumor tissues 

represented by PancTuI and not Colo357. Hence, the correlation of the patient cohort and 

Colo357 might be hampered, because both cell lines were originally extracted from 

different sites and tumor developmental stages.  

 

Figure 4.3| Illustration of the TR1(-)TR4(+) cell line. A, Colo357, showing a rather low inflammatory 

status with suppressed aggressiveness and B, PancTuI, showing a relatively higher inflammatory and 

migratory status with relatively moderate aggressiveness.  

Moreover, this TRAIL receptor combination in TR1(-)TR4(+) cells was capable of 

proliferating on both commonly encountered ECM (Fibronectin) as well as on un-

physiologic malignancy-related tenascin-c. Theoretically, this cell line might represent an 

intermediary step that is needed by the tumor to maintain its existence in new 

environments –hence the protective function against TRAIL-induced apoptosis– rather 

A B 
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than heightening the tumor progression. One can also deduce that this cell line might 

represent a slightly senescent form of PDAC, and that the cells undergone this slow 

functionality to overcome the surrounding physiologically unfavorable environment. On 

top of that, cells with such TRAIL-receptor constellation provide the tumor with an escape 

mechanism, because many of the currently available cytotoxic drugs aim to kill highly 

active cells only. However, further investigations are needed to prove this hypothesis. 

Moreover, this TRAIL receptor alterations demonstrated a significant decrease in cell 

viability under TRAIL-induced necroptosis. Accordingly, this model will correlate with a 

patient profile that would benefit the most from TRAIL-induced necroptosis.  

Second scenario TR4(+) 

The second setting is TRAIL-R4 up-regulation with non-modified TRAIL-R1 or -

R2 levels [TR4(+) cells]. As expected, this model confirmed the well-known TRAIL-R4 

protection against TRAIL-induced apoptosis. Otherwise, the two cell lines showed almost 

completely different behaviors. On one hand, Colo357 showed not only an increased 

proliferative power as was previously demonstrated in cervical adenocarcinoma (Lalaoui et 

al., 2011) but also migratory and inflammatory status (Figure 4.4). Besides, most of the 

stemness markers were unchanged. However, the expression of two WNT signaling 

pathway members were highly dysregulated, WNT2B (7.84 folds) and WNT3A (-14.8 

folds). Despite both genes are members of the WNT signaling pathway, WNT2B was 

rarely correlated with carcinogenesis (Katoh, 2001). However, WNT3A has been 

repetitively associated with carcinogenesis and EMT (Bao et al., 2012; He et al., 2015; Qi 

et al., 2015, 2014). Therefore, the fourteen fold down-regulation of WNT3A would denote 

a suppressed WNT signaling, and a decrease in malignancy and stemness potential in these 

cells. Regarding the in vivo experimentation, the tumor volumes were the largest between 

all the cell lines in the subcutaneous inoculation which goes in line with the in vitro 

functional analyses.  

On the other hand, this cell line in PancTuI was the least aggressive one due to the 

inhibition in proliferation and speed of migration together with an even more suppressed 

inflammatory status. The modification of the TRAIL-receptor expression in these cells 

produced two distinctly different phenotypes in the two studied cell lines. This might give 

a hint that the TRAIL receptors’ alterations could produce radically different cell 

phenotypes according to the various cancer stages. In other words, boosting TRAIL-R4 
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expression led to a minimally aggressive phenotype in primary tumor cells (PancTuI) yet 

to one of the most aggressive ones in the metastatic Colo357 cell line. Moreover, our 

results are supported by the facts that PancTuI is known to be resistant to TRAIL-induced 

apoptosis (Trauzold et al., 2001). Formerly, it was also found that cells resistant to TRAIL 

are prone to TRAIL-induced proliferation instead of apoptosis in a TRAIL resistant 

derivative of Jurkat cells (Ehrhardt et al., 2003).  

Colo357 TR4(+) cells expressed high levels of CEACAM5 and CEACAM6. 

CEACAM5 and CEACAM6 were previously described as tumor markers (Arabzadeh et 

al., 2013; Gebauer et al., 2014; Gold and Freedman, 1965; Schölzel et al., 2000). 

CEACAMs are cell-cell adhesion molecules that can manipulate a wide variety of 

pathways in untransformed and malignant cells. Normally, CEACAM5 is known to bind to 

itself via its N-terminal IgV-like domain or bind to other CEACAM molecules 

(CEACAM1 and CEACAM6) and thus binding cells to each other and helping in 

maintaining normal architecture and aiding in cellular adhesion and migration. Moreover, 

over expression of CEACAM5 and CEACAM6 were found to inhibit anoikis and causing 

disruption in the structure of the normal tissues that would in turn contribute to the 

malignant transformation process (Ordoñez et al., 2000). Furthermore, CEACAM5 and 

CEACAM6 over expression was found to regulate the integrin signaling via promoting the 

binding of integrin α5β1 to fibronectin (Duxbury et al., 2004; Hong et al., 2015; Ordonez 

et al., 2007; Singer et al., 2010). Also, the high levels of CEACAM5 were correlated with 

nodal metastasis and over expression of CEACAM6 was correlated with distant metastasis 

 

 

Figure 4.4| Illustration of the TR4(+) cell line. A, C olo357 and B, PancTuI. The shades of red show the 

inflammatory degree and this sign  denotes a high inflammatory status. Also, the dark edges of the 

red/cancer cells represent the high level of CEACAM5 and CEACAM6 and the black strikes represent the 

adhesive strength of each cell line.  
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in PDAC patients (Gebauer et al., 2014). Therefore, this obvious boosting of the 

CEACAM5 and CEACAM6 levels in these cells is a clear sign of malignant 

transformation and denotes the definite modulation of cellular aggressiveness, adhesion 

and metastasis. 

Finally, Colo357 TR4(+) cells showed an enhanced expression of integrin β1 and 

β6 which have been formerly correlated with tumor aggressiveness (Keller and Brown, 

2004; Kren et al., 2007; McCabe et al., 2007; Shibue and Weinberg, 2009). The differences 

in stemness behavior, CEACAM5/CEACAM6 and integrins would explain the 

discrepancies between Colo357 and PancTuI in this particular cell line. Also, this would 

explain the rather low survival rate seen in the small patient cohort investigated, where 

these primary tumors (representing PancTuI cells’ behavior) might be less aggressive 

however, these patients’ might have suffered from aggressive metastasis (representing 

Colo357 cells’ behavior). In our cohort, there was a concomitant up-regulation of TRAIL-

R2 with the high TRAIL-R4 expression levels in the cytoplasm (100% of the cases) and 

high simultaneous expression levels in the nucleus (25%), denoting that most probably this 

is a combined effect of TRAIL-R2 and -R4 in both the cytoplasm and to a lesser extent in 

the nucleus. Thus, hypothetically, this patient profile might represent a minimally active 

primary tumor with highly aggressive metastasis. Thus, the patient's prognosis will vary 

according to the TRAIL receptor modulation in both the primary tumor and metastatic 

tumor tissues.  

Third scenario TR1(-) 

Another setup was the mere inhibition of TRAIL-R1 level with non-modulated 

constitutive TRAIL-R2 or -R4 levels (Figure 4.5). This particular TRAIL receptors’ 

constellation was rather interesting because it characterized cells with a relatively 

aggressive phenotype in terms of high proliferation (in line with the in vivo data) and 

migration speed (principally Colo357) yet these cells demonstrated a rather low 

inflammatory status, unlike all the other cell lines where aggressiveness seemed to be 

directly proportional to the inflammatory behavior. However, both cell lines showed the 

lowest inflammatory status together with a predicted negative regulation of signal 

transduction and developmental processes. Obviously, TRAIL-R1 could be responsible for 

the activation of the inflammatory pathway in PDAC as was previously reported (Lemke et 

al., 2010). Moreover, this particular TRAIL receptor modification status showed the 
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highest stemness characteristics, TR1(-) cell line expressed both CDH2 and WNT2B in 

very high levels. Also from the in silico analyses, these data might suggest that PDAC 

patients with such TRAIL receptor constellation might suffer from an imbalanced blood 

sugar level due to the altered insulin like growth factor signaling. Additionally, the 

CEACAM5 and CEACAM6 levels were rather low.  

 

Figure 4.5| Illustration of the TR1(-) cell line. A, Colo357 and B, PancTuI. The shades of red show the 

inflammatory degree. Also, the number of edges/ corners of the cells are equivalent of how aggressive the 

cell lines are. Also, the dark edges of the red/cancer cells represent the high level of CEACAM5 and 

CEACAM6 in Colo357 cells.  

In the patient cohort, patients with such TRAIL receptor expression pattern were 

moderately represented in the whole cohort and were diagnosed with a rather low nodal 

and distal dissemination and had a high chance of total primary tumor removal. These 

patients had low TRAIL-R1 level in the cytoplasm together with no detectable levels of 

both TRAIL-R1, -R2 or -R4 in the nucleus. In the cytoplasm, TRAIL-R4 was low to 

moderately expressed together with moderate to high TRAIL-R2 protein expression. 

Therefore, this scenario is mostly orchestrated by the cytoplasmic role of TRAIL-R2 and -

R4. Evidently, this scenario refers to a patient with rather aggressive primary tumor with 

limited metastasis. Yet, this scenario demonstrated a high resistance to TRAIL-induced 

apoptosis, as was also previously reported that using a blocking antibody against TRAIL-

R1 increased cell viability (Lemke et al., 2010). 

Fourth/fifth scenario TR2(-) and TR2(-)TR4(+) 

Through PancTuI we managed to duplicate the TRAIL receptor modifications 

presented in the previous scenarios, however, TRAIL-R2 knockdown scenarios were 

difficult to substantiate due to the persistent failure of TRAIL-R4 up-regulation in TRAIL-

R2 knockdown cells. Thus, the last two models were only present in Colo357 and were the 

B A 
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most aggressive cell lines. In these two models, TRAIL receptors expression was modified 

as follows; non-manipulated TRAIL-R1 level and suppressed TRAIL-R2 with or without 

TRAIL-R4 augmented expression [TR2(-)TR4(+) and TR2(-)cell lines], respectively. The 

up-regulation of TRAIL-R4 in this case [TR2(-)TR4(+)] did not show major differences in 

comparison to [TR2(-)] cells per se (Figure 4.6). Both cell lines showed a high 

proliferation (again in line with the in vivo data), migration speed and inflammation rates. 

However, TRAIL-R4 up-regulation gave three signature differences, the first being the loss 

of the anti-apoptotic potential of TRAIL-R4. Secondly, there was a clear abolishment of 

the sensitization effect of TRAIL-R4 on TRAIL-mediated necroptosis that was seen in 

TR1(-)TR4(+) cell line, denoting that this function is governed by TRAIL-R4 in 

collaboration with TRAIL-R2. Another key difference between these two cell lines is the 

up-regulation of WNT2B and CDH2 (N-cadherin) in TR2(-) and TR2(-)TR4(+), 

respectively. This difference denotes that both cell lines may enhance the tumor 

aggressiveness and stemness via two different pathways. It was formerly reported that 

CDH2 – highly expressed in TR2(-) – together with FGF-2 boost metastasis via MAPK-

ERK pathway in breast cancer cells (Suyama et al., 2002). While TR2(-)TR4(+) cell line 

stemness behavior was attributed to the alterations in WNT signaling. Additionally, both 

cell lines demonstrated very high levels of both CEACAM5 and CEACAM6 denoting the 

severity of tumor aggressiveness. 

 

Figure 4.6| Illustration of the cell lines with TRAIL-R2 knockdown in Colo357. A diagram illustrating 

TR2(-) and TR2(-)TR4(+) cell lines. The shades of red show the inflammatory degree and this sign   denotes 

a high inflammatory status. Also, the number of edges/ corners of the cells are equivalent of how aggressive 

the cell lines are. Also, the dark edges of the red/cancer cells represent the high level of CEACAM5 and 

CEACAM6. 
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One distinct observation – which was rather intriguing in these two cell lines – was 

the observed discrepancies between the mRNA and protein levels of IL6 as detected by 

RT-PCR/microarray and ELISA, respectively. In these two cell lines, it was clearly 

demonstrated that the mRNA level was elevated however the protein level was not. In this 

case, there might be some activation of the miRNA responsible for IL6 degradation, and 

hence not allowing the protein to be translated. In case of IL6, the responsible miRNA is 

let-7 that can manipulate the level of IL6 and in turn influence the inflammatory status 

only in malignant cells (Iliopoulos et al., 2009). This result is in line with a previous study 

where nuclear TRAIL-R2 was reported to inhibit the maturation of Let7 miRNA and in 

turn its knockdown elevated the level of mature Let7 (Haselmann et al., 2014) and that will 

eventually decrease IL6 protein expression.  

In our patient cohort, TRAIL-R2 knockdown cases were the lowest represented 

cases that might be owed to the deteriorated status at the point of diagnosis that would 

deem the patients inoperable at the first evaluation. This explanation is supported by the 

fact that all the patients in the cohort with these two TRAIL receptors expression patterns 

died rather early. This would also fit with our in vivo, in silico and in vitro data. Both 

groups in the patient study expressed low to none TRAIL-R2 protein levels in both 

cytoplasm and nuclei. TRAIL-R1 was mainly present in moderate to high levels in the 

cytoplasm. For the patients with TR2(-) profile they presented with a moderate level of 

TRAIL-R4 in the cytoplasm and a low level in nucleus. However, in TR2(-)TR4(+) 

scenario TRAIL-R4 were high in both the cytoplasm and nucleus. Thus, this scenario is 

result of TRAIL-R1 and -R4 collaboration in the cytoplasm or the soul function of TRAIL-

R4 in the nucleus.  

In the light of these results, there is a big challenge to catch these cases on time, 

where the tumor is still in an operable status. From the prognostic point of view, the tumors 

in both scenarios will be very aggressive and could be slightly eliminated under TRAIL-

induced apoptosis. However, these two scenarios should be better addressed with other 

cytotoxic treatment modality, as the cells here are very active. Otherwise, using TRAIL 

treatment will worsen the prognosis due to the additional activation of the NFκB pathway 

that will add to the patients' burden of an already highly inflamed status. 
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TRAIL receptors and PDAC heterogeneity 

One of the hurdles that is still faced in pancreatic carcinogenesis is its complexity 

and heterogeneity that eventually lead to the difficulty of its early diagnosis (Narayanan 

and Weekes, 2016; Vaz et al., 2015). This heterogeneity became also obvious upon 

manipulating the TRAIL receptors in our two PDAC cell lines. As previously mentioned, 

we have observed differential responses from Colo357 and PancTuI in some aspects, 

starting from the capability of transducing TRAIL-R4 plasmid into the different cell lines 

to the discrepancies in their functional responses. A couple of theories could be foreseen 

that might explain the discrepancies between Colo357 and PancTuI responses and render 

PancTuI more resistant. Undeniably, the basal protein expression levels of the TRAIL 

receptors and the abundance of certain receptor forms over another might play a role in the 

reciprocal behavior of the two PDAC cell lines. As known from literature, the abundance 

of TRAIL-R4 expression was correlated with TRAIL resistance (Lalaoui et al., 2011), thus 

the high basal level of TRAIL-R4 in PancTuI than in Colo357 might play a role and might 

also explain the discrepancies in terms of aggressiveness. 

Another theory: Looking at the results from a different perspective, TRAIL 

receptors could be tools for cancer to maintain its existence in the body. TRAIL receptors 

can manipulate the cellular behavior and thus allowing the cancer to control its 

development by sacrificing weaker cells that cannot metastasize or invade the surrounding 

tissues in return for the cells that can. In accordance, TRAIL receptors could drive the 

cancer cells to send off inflammatory signals to manipulate and prime the surrounding both 

transformed and untransformed cells around it. Consequently, if TRAIL receptors could 

orchestrate the cancer cell behavior, it could be expected that the roles of the individual 

receptors would be modified in different cellular phenotypes that might clarify the 

refractory responses between Colo357 and PancTuI. In fact that the two cell lines represent 

a very different phenotype, PancTuI is a primary tumor [pancreatic microenvironment] and 

Colo357 is metastatic [lymph node microenvironment] cell line which might also explain 

why the TRAIL receptors might have different roles in different cell phenotypes and 

different tumor development stages. 

Additionally, many differences were previously reported between PancTuI and 

Colo357 in the expression of some important apoptosis related molecules. As PancTuI has 

shown higher levels of anti-apoptotic proteins like, BCL-XL, Smac/DIABLO, BID and c-
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IAP2 together with lower levels of pro-apoptotic proteins like FADD in comparison to 

Colo357 cells that caused PancTuI to be more TRAIL resistant (Trauzold et al., 2003). 

Moreover, it has been also reported that Colo357 cells secrets trypsin, elastase and 

chymotrypsin which are normally secreted by the exocrine pancreas (Morgan et al., 1980). 

Also, Colo357 cells contain mutation KRAS2 genes (Gysin et al., 2005), an atypical 

mutation in p53 (A. Trauzold, unpublished observation), whereas PancTuI contains 

mutations in KRAS and p53 only together with methylated p16 gene (Moore et al., 2001). 

Therefore, these fundamental differences would also contribute to the aberrant responses of 

both cell lines. That was formerly demonstrated by the different behavior of Colo357 and 

PancTuI upon the inhibition of caspases using zVAD-fmk. Although this broad spectrum 

caspase inhibitor drove PancTuI to a heightened pro-inflammatory response, it inhibited 

this response in Colo357 cells (Siegmund et al., 2016). Thus, it could be deduced that 

TRAIL receptors trigger different responses in the different cells within the same ailment. 

Finally, it has been repeatedly observed that TRAIL receptors were expressed in 

patients’ sera (Jablonska et al., 2008; Mielczarek-Palacz et al., 2015; Oztas et al., 2016; 

Ratzinger et al., 2014; Sánchez-Lázaro et al., 2012; Yagyu et al., 2008; Yildiz et al., 2010). 

However, the current study only focused on the TRAIL receptors expressed inside the cells 

and the total expressed TRAIL receptor mRNA and protein levels that will include the 

mRNAs for the soluble forms as well. Not to mention that the TRAIL receptors comprised 

of 5 different receptors (Mert and Sanlioglu, 2016). Therefore, there could be a possible 

role for TRAIL-R3 and/or OPG in this mix, yet, here the focus is only on TRAIL-R1, -R2 

and -R4. However, as was seen from the microarray and the nCounter results, TRAIL-R3 

and OPG were not fundamentally modified in the different cell lines. 

In light of our results, the TRAIL receptors interplay provided the cells with 

different capabilities. Consequently, the tumor heterogeneity might not only imply the 

discrepancies between the different patients, but also the heterogeneity in the same tumor. 

In other words, the cells near a blood supply in the same tumor could modulate the TRAIL 

receptors' level differently than the cells in the hypoxic center or at the tumor edge. On one 

hand, it has been demonstrated that silencing hypoxia-inducible factor-2 alpha (HIF-2α) 

down regulated TRAIL-R2 on both the mRNA and protein levels in renal, lung and 

prostatic cancer cells. This regulatory potential of HIF-2α was reported in both TRAIL 

sensitive and TRAIL resistant renal cancer cell lines as well and was reversed by treating 
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the cells with PS-341. PS-341 is a protease inhibitor that increases the levels of HIF-2α and 

c-Myc where both apparently have a positive regulatory effect of TRAIL-R2 (Mahajan et 

al., 2008). On the other hand, in hypoxic conditions, hypoxia-inducible factor-1 alpha 

(HIF-1α) induced the level of TRAIL-R4 in colon cancer cells (Pei et al., 2010). Therefore, 

one can deduce that TRAIL receptors are manipulated in response to hypoxic and 

normoxic conditions.  

In the current study, the heterogeneity of PDAC was very obvious, however, this 

problem extends beyond the 2 studied cell lines. As previously discussed, not only that 

each PDAC patient is unique but also in the same patient the primary and secondary 

tumors might behave differently and may be these discrepancies could be seen also within 

the primary tumor tissues itself. Furthermore, it is also important to keep in mind that 

TRAIL might render each tumor environment different than one another because it plays 

an important role in immune surveillance. Interferon gamma is capable of sensitizing 

natural killer cells and monocytes to produce TRAIL and in turn help eliminating cancer 

cells (Griffith et al., 1999; Takeda K et al., 2001). Therefore, the immune system will play 

an additional role rendering each situation different. Hence, it is crucial to understand 

tumor heterogeneity in each context in order to understand why some PDAC patients will 

react differently to the same therapy than other patients suffering from the same illness.  

Failure of TRAIL-R4 up-regulation in PancTuI TRAIL-R2 knockdown cell line 

During the preparatory phase of the current study, another limitation was observed. 

In Colo357 cell line, it was possible to up-regulate TRAIL-R4 in TRAIL-R2 knockdown 

cells, however, there was a persistent failure in PancTuI TRAIL-R2 knockdown cells. 

Again one can deduce some theories here to interpret why that was not possible. Theory 

one: it is established that TRAIL-R4 interacts closely with TRAIL-R2 on the plasma 

membrane level (Clancy et al., 2005; Lalaoui et al., 2011; Mérino et al., 2006). In the 

current study, the results showed that PancTuI expressed higher basal levels of both 

TRAIL-R2 and -R4. Also, TRAIL-R4 up-regulation in Colo357 TRAIL-R2 knockdown 

cell line was – despite being significant – the most limited on the plasma membrane level 

among the three TRAIL-R4 up-regulated cell lines. Consequently, it can be deduced that 

TRAIL-R2 and -R4 interaction could be essential for the survival of PancTuI that might in 

turn explain the repeated failure i.e. death of the cell lines upon TRAIL-R4 up-regulation 

in the limited expression of TRAIL-R2. So, that will further denote the distinct interplay 



Discussion 

 114 

between the TRAIL-R2 and -R4 receptors in the different sites and tumor developmental 

phases, where it is vital for primary tumors and to a lesser extent in metastatic tumor cells. 

To confirm this theory, one can try to knockdown TRAIL-R2 after TRAIL-R4 over 

expression. Thereby, we can point out which of these two receptors manipulate the other. 

Second theory: Although, it was previously reported that TRAIL-R4 has a 

dominant negative influence on TRAIL-R1 (Neumann et al., 2014), it could be deduced 

from the current results that TRAIL-R1 might in fact compete with TRAIL-R4 

expression/function especially in PancTuI. This hypothesis can be supported by the failure 

of TRAIL-R4 over expression in TRAIL-R2 knockdown cell lines, where TRAIL-R1 

would be unopposed. This could be corroborated by the enhanced TRAIL-R4 knock-in 

when TRAIL-R1 is restricted.  

Once more, this can be a “pseudo” failure of TRAIL-R4 over expression as there is 

still the possibility that TRAIL-R4 was indeed up-regulated, yet only in the soluble form. 

However, this could be negated by the fact that we have measured the TRAIL receptors’ 

level on the mRNA level as well.  

TRAIL receptors orchestrate PDAC cell death modality 

Apoptosis 

Another aspect of this study was done to clarify the influence of TRAIL receptors 

on two major cell death modalities: apoptosis and necroptosis. Our proposed mixed 

knockdown and over expression system allowed us to observe and analyze the individual 

role of these receptors in these contexts. Worth mentioning, all the apoptosis and 

necroptosis experiments were done in parallel for a clear distinction of the individual roles 

in both cell death modes. Regarding apoptosis, we have clearly demonstrated that TRAIL-

R2 guided the TRAIL-R4-mediated anti-apoptotic effect pointing out the close interaction 

between both receptors as was reported previously by other groups (Clancy et al., 2005; 

Mérino et al., 2006). Similarly, it was previously indicated that PDAC tissues showed 

significantly higher levels of TRAIL-R1 and -R4 in comparison to normal pancreas in a 

cohort of PDAC (Sanlioglu et al. 2009). As previously stated, PancTuI is originally more 

resistant to TRAIL-induced apoptosis than Colo357 cell line (S Hinz et al., 2000; Trauzold 

et al., 2003). Together with basal resistance level, there is an extra protection provided by 

TRAIL-R4 over expression against TRAIL-induced apoptosis. Earlier, it was shown that 

the lower the balance between the pro-apoptotic receptors (TRAIL-R1 and -R2) and – the 
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known to be – decoy receptors (TRAIL-R3 and -R4), the better the chance the cells are 

killed (Büneker et al., 2009). Likewise, it was reported also in PDAC patients that TRAIL-

R3 and -R4 did not have any impact on patient prognosis, only the low levels of TRAIL-

R1 and -R2 was correlated with pancreatic malignancy (Gallmeier et al. 2013). 

Nevertheless, the current research demonstrated that TRAIL receptors interplay is much 

more complicated and it could be used in PDAC as markers for TRAIL sensitivity. To 

conclude, TRAIL-R4 protection can be clearly seen only in collaboration with TRAIL-R2. 

Therefore, by inhibiting TRAIL-R2, this protection was completely lost. Furthermore, the 

analyses showed that TRAIL-R1 knockdown was as well resistant to the TRAIL-mediated 

apoptosis in both cell lines, thus, proposing TRAIL-R1 as a major player in apoptosis 

induction in PDAC cells as was previously shown (Lemke et al., 2010).  

Necroptosis 

Some cancer treatment is based on drugs inducing apoptosis like cisplatin, 5-

fluorouracil, and gemcitabine. Yet, drug resistance is a commonly encountered problem 

due to an imbalance between the apoptotic and pro-inflammatory pathways tipping the 

scale towards the pro-survival mode in tumor cells (Su et al. 2016). So, owing to the tumor 

resistance to TRAIL-induced apoptosis, other alternative cell death modalities are sought 

to overcome this problem. One of these methods is necroptosis; there are a number of new 

researches that are focused on this topic (Huang et al. 2013, Jouan-Lanhouet et al. 2012, 

Meurette et al. 2007, Moriwaki et al. 2015, Oliver Metzig et al. 2015, Philipp et al. 2015, 

Takemura et al. 2015, Xie et al. 2015). The capability of TRAIL to induce necroptosis was 

previously investigated, however the effect of TRAIL receptors interplay on TRAIL-

induced necroptosis was not addressed (Jouan-Lanhouet et al. 2012, Philipp et al. 2015). 

Accordingly, we intended to measure the impact of the particular TRAIL receptor 

interactions on necroptosis and test whether or not these receptors will have a similar effect 

on necroptosis as with apoptosis. Two evident differences can be demonstrated between 

the two cell death modalities. On one hand, apoptosis signaling must be inhibited via a 

wide-range caspase inhibitor, zVAD-fmk, in order to assure that cell death occur solely via 

necroptosis. One the other hand, necroptosis cannot be efficiently induced by TRAIL 

alone, however a sensitizer like HHT is essential (Philipp et al., 2015). HHT has recently 

been approved by the U.S. Food and Drug Administration for treating patients with chronic 

or accelerated phase chronic myeloid leukemia with resistance and/or intolerance to two or 
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more tyrosine kinase inhibitors [reviewed in (Heiblig et al., 2014)]. Furthermore, HHT was 

previously presented as a potential non-toxic sensitizer for TRAIL-induced apoptosis 

(Beranova et al. 2013) and necroptosis (Philipp et al. 2015). Despite the complicated 

approach needed for efficiently triggering necroptosis, necroptosis could still carry new 

hope for cancer patients. As continually inferred from literature, TRAIL-R4 plays a 

protective role against TRAIL-induced apoptosis (Duru et al. 2015, Todorova, Bock, and 

Chang 2014, O'Leary et al. 2016) and it could be expected that TRAIL-R4 might play a 

similar role in necroptosis. Surprisingly, we demonstrated a novel function of TRAIL-R4 

where it significantly enhanced the cellular killing via TRAIL-induced necroptosis in 

Colo357 TR1(-)TR4(+) cells. Thereby, we demonstrated a new potential role for TRAIL-

R4 as a sensitizer for TRAIL-induced necroptosis in combination with TRAIL-R2 rather 

than a mere inhibitor of TRAIL-induced apoptosis as represented in both WB and EZ4U 

analyses. Probably, it could be again owed to the higher affinity of TRAIL-R4 to TRAIL-

R2.  

TRAIL receptors impact on adhesion in PDAC 

 Upon comparing the ECM-cell adherence with proliferative and migratory 

potentials shown in this study, one can conclude that, the stronger the ECM-cell adhesion, 

the faster the proliferation and the more metastatic the cells are. Our proposed TRAIL 

receptor alterations showed evident –yet different – effects on the integrin expression 

levels. The up-regulation of TRAIL-R4 augmented the expression of the tested integrins, 

however, this effect was reversed via TRAIL-R1 knockdown. Moreover, the effect of 

TRAIL-R4 on integrins was completely lost upon TRAIL-R2 knockdown. Consequently, if 

TRAIL receptors are capable of manipulating the integrin levels, it would be expected that 

the cellular behavior can be altered as well. On one hand, integrin-ECM interaction can 

manipulate the cell fate via the integrin’s onside-in pathway, where integrins can activate 

AKT and MAPK pathways (Figure 4.7) (Legate et al., 2009). On the other hand, it was 

previously reported that TRAIL receptors can as well manipulate AKT and MAPK 

pathways (de Miguel et al., 2016) and in turn increase tumor proliferation, migration and 

cell survival. In cervix cancer cells, it was demonstrated that TRAIL-R4 enhance 

proliferation of the cells via activation of AKT (Lalaoui et al., 2011). Also, TRAIL-R1 and 

-R2 signaling was found to activate both AKT and ERK(1/2) in ovarian cancer (Yang et al., 

2016). Therefore, here we report that TRAIL receptors might activate these pathways via 
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the integrin outside-in signaling and thus be able to manipulate cell fate. Herewith, the 

ECM-cell adhesion can indeed be correlated to cellular proliferation and migration.  

 

Figure 4.7| Downstream outside-in integrin pathways. Integrin interaction with ECM starts a lot of 

signaling pathways leading eventually to cell cycle regulation, changes in gene expression, actin dynamics 

and other (Legate et al., 2009) 

Moreover, we could report discrepancies in the response of the studied cell lines to 

the presence of tenascin-c. Tenascin-c plays a major role during embryonic development; 

however, in adult tissues it is rarely encountered. Furthermore, tenascin-c has been 

repeatedly detected in high levels in malignant tissues including PDAC (Esposito et al., 

2006; Faissner et al., 2016; Paron et al., 2011; Stamenkovic et al., 2016). By creating an 

artificial and rather malignant environment, it was possible to test the capability of the 

different cell lines to adapt to this condition. Apparently, tenascin-c could be considered as 

a welcoming microenvironment for cells that are rich in TRAIL-R4 with -R1 [TR2(-

)TR4(+)] and more prominently TRAIL-R4 with -R2 [TR1(-)TR4(+)]. In other words, 

these cell lines will easily grow in physiologically unfavorable microenvironments and 

these potential patients with high levels of TRAIL-R4 with either TRAIL-R1 or -R2 might 

have a more readily metastasizing cancer. 

Orthotopic versus subcutaneous in vivo experiments 

 In the current research, we have performed two in vivo experiments using Colo357 

cells in SCID-beige mice. The interpretation of the Colo357 orthotopic model was largely 

hampered by the formation of large slimy tumors. Worth noting, that MUC2, MUC6 and 
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MUC5AC secreted mucins were previously reported to be highly expressed in pancreatic 

malignant and pre-malignant lesions (Horinouchi et al., 2003; Lüttges et al., 2002; 

Yonezawa et al., 2008). Additionally, Colo357 was originally described as mucinous 

tumor isolated from the lymph node metastasis (Morgan et al., 1980). Accordingly, this 

finding points that the context of the tumor microenvironment greatly matters; whether it is 

inoculated in the murine pancreatic tissues or subcutaneously. Therefore, more intensive 

studies on the impact of interplay of the different TRAIL receptors on survival potential 

are urgently needed. Additionally, the role of mucin production in PDAC needs more 

elucidation. 

 Since the results of this orthotopic model were not easily interpretable, a 

subcutaneous model was performed. The gross analyses of the data in the subcutaneous 

model were in line with our in vitro and in silico analyses. We could show that the mice 

with the smallest tumors were seen in TR1(-)TR4(+) as depicted from the suppressed 

functional behavior of the cells in vitro. Additionally, the least metastasis were detected in 

TRAIL-R1 knockdown group which goes in line with the low levels of CEACAM5 and 

CEACAM6. Finally, the largest tumors were seen in TRAIL-R2 knockdown groups which 

as well coincide with our in vitro and in silico predictions. 
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V. CONCLUSION 

Through the present work, the data could show that TRAIL-R1, -R2 and -R4 indeed 

tightly interplay and thus leading the PDAC cells to different fates. Not only the 

abundance/absence of the receptor expression is important, but also the phenotype of the 

cells plays a role in the overall response together with the intracellular distribution of the 

different receptors and the surrounding environment. Hence, we could now aim to better 

understand why some patients would carry a bad or a good prognosis, however, studying a 

larger cohort of patients is necessary. Subsequently, we will be able to understand every 

patient's response according to his/her individual profile. Additionally, TRAIL-R4 was 

regarded as a decoy receptor that competes with TRAIL-R1 and -R2 for TRAIL to prevent 

apoptosis and it might also bind to them and inhibits their ligand-dependent functions. 

Through this study, the data elaborated a different potential for this receptor. Therefore, 

this simplistic interpretation of TRAIL-R4 being only addressed as a decoy receptor in 

tumors and correlating it with a poor prognosis needs to be extended. The results have 

shown that TRAIL-R4 could be an active member of the TRAIL receptor family – 

depending on the context – and not merely a decoy receptor. Our investigations showed 

TRAIL-R4 –together with TRAIL-R1 or -R2 – as an active player in many functional 

processes. Through our proposed system, we were able to show the different faces of 

TRAIL-R4 in enhancing necroptosis or limiting apoptosis. On one hand, the known 

inhibition of the apoptosis via TRAIL-R4/-R2 interaction could be confirmed. On the other 

hand, TRAIL-R4/-R2 was reported to activate the necroptotic potential driven by TRAIL 

in Colo357. Although these findings will require further validation in primary cancer cells 

and patient models, this new and promising approach could provide a valuable input to the 

understanding of the role of TRAIL receptors in PDAC progression and pancreatic cancer 

therapy. Finally, TRAIL ligand has been proposed as a potential therapeutic modality in 

cancer (Mérino et al., 2007). However, our results gave more insight that some of the 

TRAIL receptors' actions in Colo357 were independent of the TRAIL ligand, this might 

give a hint about the complicated nature of this system. Therefore, deeper understanding of 

TRAIL and TRAIL receptors' capabilities in the different tumor stages is required before 

TRAIL can be proposed as a legitimate cancer treatment modality.  
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VI. FUTURE PERSPECTIVE AND OUTLOOK 

The current study clarifies the genuine interdependence of TRAIL receptors and the 

variety of fates they could drive the PDAC cells to undergo. Besides, I reported the flexible 

functions of the known-to-be a decoy receptor: TRAIL-R4. However, since the whole 

concept of the current work was based on up-regulation of TRAIL-R4, here I present some 

preliminary data of TRAIL-R4 successful down-regulation. TRAIL-R4 was knocked down 

using shRNA technology in both Colo357 and PancTuI cell lines. The same shRNA 

technology that was previously used for TRAIL-R1 and TRAIL-R2 down regulation was 

implemented to facilitate all future comparisons. The protein and mRNA expression levels 

of TRAIL-R4 were analyzed using Western blotting and RT-PCR, to ensure the successful 

suppression of the TRAIL-R4 on both levels (Figure 6.1).  

 

 

Figure 6.1| Expression level of TRAIL-R4. The panel shows the successful knockdown of TRAIL-R4 

(TR4-KD) together with the corresponding non-silencing control (shRNA-C) in two PDAC cell lines. A; 

RT-PCR of TR4-KD in Colo357. B, Western Blot denoting the successful down regulation of TRAIL-R4 in 

Colo357 on the protein level. C; RT-PCR of TR4-KD in PancTuI. D, Western Blot denoting the successful 

down regulation of TRAIL-R4 in PancTuI on the protein level.  

*

0,0

0,2

0,4

0,6

0,8

1,0

1,2

1,4

TR4

F
o
ld

 C
h

a
n

g
e

Colo357

shRNA-C

TR4-KD

*

0,00

0,50

1,00

1,50

TR4

F
o
ld

 C
h

a
n

g
e

PancTuI

shRNA-C

TR4-KD

B 

D 

□ s RNA-C 

■ TR -KD 

□ s RNA-C 

■ TR -KD 

A 

C 

F
o

ld
 C

h
a

n
g

e 
F

o
ld

 C
h

a
n

g
e 

TR4                        Colo357 

     TR4                     PancTuI 

B 

1.5 

1 

0.5 

0 

1.4 

1.2 

1 

0.8 

0.6 

0.4 

0.2 

0 

* 

* 



Future Perspective & outlook  

 121 

Some functional analyses were performed to test our newly established cell lines. 

As expected, the suppression of TRAIL-R4 in Colo357 limited both the proliferative and 

the migratory capabilities of the cells and rendered the cells more susceptible to TRAIL-

induced apoptosis (Figure 6.2). Currently, our group is further validating the impact of 

TRAIL-R4 down regulation in both cell lines.  

 

Figure 6.2| In vitro functional analyses of Colo357 TRAIL-R4 knockdown cell line (TR4-KD) A; 

proliferation capacity with TR4 knockdown. B, migratory potential of TR4-KD. C; viability of the TR4-KD 

under 24 hours TRAIL treatment.  

Furthermore, since the main results of the current study was obtained from a single 

PDAC cell line, namely Colo357, another TRAIL sensitive cell line was also tested as a 

part of a master study performed in our group (André Seidel unpublished data). This 

TRAIL-sensitive cell line is a breast cancer cell line named MDA-MB-231. The same 

proposed TRAIL manipulations were constructed, and thus obtaining another 6-cell line 

set. As an example, the level of integrins was tested in the MDA-MB-231 cell lines (Figure 

6.3). Similar to the Colo357 cell lines, the MDA-MB-231 cell lines exhibited fluctuations 
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in the protein level of the expressed integrins. TRAIL-R4 up-regulated the levels of the 

tested integrins however this tendency was lost upon TRAIL-R2 knockdown. Therefore, 

unlike Colo357, TRAIL-R4 exhibited this effect in collaboration with TRAIL-R1 – as 

expected– and not with TRAIL-R2. It was previously reported that TRAIL-R2 is more 

important in MDA-MB-231 TRAIL-mediated signaling unlike Colo357 where TRAIL-R1 

is more efficient in eliminating the cells (Kelley et al., 2005; Lemke et al., 2010). In other 

words, this effect of TRAIL receptors on integrins can be indeed induced by TRAIL. 

However, since it was shown in the current study that blocking the endogenous TRAIL by 

means of antibody proved otherwise, therefore this method might be insufficient. 

Consequently, TRAIL silencing via siRNA might answer the question whether TRAIL is 

manipulating this process. Nevertheless, these integrin alterations in the MDA-MB-231 

cell lines might demonstrate that the possible scenarios elucidated in this work could be 

reproduced in other cancer entities and are not a matter of chance.  

 

Figure 6.3| Expression levels of some cell-ECM adhesion molecules in MDA-MB-231. The cell lines 

expressing differential levels of TRAIL-R1, -R2 and -R4 were investigated to measure the levels of integrin 

αV, β4 and β5 via Western blotting. Beta actin served as loading control. Figure modified from the master 

thesis of André Seidel, Institute for Experimental Cancer Research, CAU Kiel. 

In order to further authenticate the results introduced in the current study, a deeper 

understanding of the pathways involved in the reported and predicted cellular functions of 

TRAIL receptors is needed. And finally, I recommend the following actions: 

 Analyzing TRAIL receptors in a larger patient cohort together with correlating 

it with the clinical outcome, well-established scoring systems, follow-up and 

prognosis. 
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 Further dissecting the TRAIL receptors to determine which form (TRAIL-R4α 

or TRAIL-Rβ)is responsible for each function. 

 Precisely evaluate the impact of the intracellular TRAIL receptor form 

distribution.  

 Understanding how to manipulate the sub-cellular localization of the TRAIL 

receptors.  
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