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Sammendrag 
Sammenhengen mellom koagulasjon og kreft er velkjent. Kreftpasienter har en dokumentert 

økt risiko for trombose, og kreftceller kan også frigi kreft-prokoagulanter og mikropartikler 

som direkte aktiverer koagulasjonssystemet. Koagulasjonsfaktor V (FV) har vist seg å være 

uttrykt i flere ulike kreftvev, og samtidig ha potensielle effekter på kreftprogresjonen. Ved å 

forstå dette forholdet og de underliggende mekanismene bak effektene bedre, kan man oppnå 

bedre individuell behandling for pasienter som lider av kreft eller kreft-relaterte 

koagulasjonskomplikasjoner.  

I denne oppgaven har vi derfor som mål å få en bedre forståelse for de funksjonelle rollene til 

FV i kreftprogresjon. En cellemodell for nedregulering av FV ble laget for leverkreft 

cellelinjene Huh7 og HepG2. Den ble deretter optimalisert for å kunne studere de funksjonelle 

effektene av FV og potensielle celle- signaleringseffekter. Cellene ble også behandlet med 

doxorubicin for å observere sensitiviteten samt effekten av denne behandlingen på FV uttrykk.  

Undersøkelsene gjort i denne oppgaven resulterte i en effektiv nedregulering av FV i begge 

cellelinjene ved bruk av 27mer siRNA. De funksjonelle effektene av FV ble også studert, og 

viste ingen signifikante effekter av cellevekst i leverkreft, derimot ble det observert økt 

apoptose og redusert migrasjon ved nedregulering av FV. Videre analyser på kreft-assosierte 

signalveier viste at Wnt og JNK signalveiene ble mest påvirket under FV nedregulering.  Men 

ved å se på effekten av JNK signalveien på apoptose, ble ingen signifikante forskjeller 

observert. Basert på dette, og på studier som dokumenterte at koagulasjonssystemet har en 

sentral rolle (spesielt TF) i progresjon og overlevelse, antydes FV å ha onkogene egenskaper i 

leverkreft. Men, det kan være andre mulige mekanismer enn de vi har studert, som påvirker 

effekten av FV, og denne effekten kan komme av andre medlemmer av koagulasjonssystemet 

som er verdt å undersøke videre.  

Med hensyn til doxorubicin-behandling av leverkreftcellene, viste de sensitivitet overfor 

behandlingen. Samtidig ble det observert at doxorubicin induserte F5 mRNA-uttrykket 

betraktelig i HepG2 celler. Men det var ingen antydning til noen interaksjon mellom p53-

indusert apoptose, og FV hadde ingen effekt på celleveksten under doxorubicin-behandlingen. 

Gjennom våre resultater av FV som et mulig onkogen, og med ingen observert interaksjon med 

doxorubicin, har oppgaven gitt et bedre innblikk og bidratt med kunnskap og forståelse om 

rollen til FV i leverkreft.   
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Abstract 
The relationship between cancer and coagulation is well known, and cancer patients have been 

documented to have an increased risk of thrombosis. Tumor cells themselves have in fact been 

shown to release cancer procoagulants and microparticles that directly activate the coagulation 

cascade. Coagulation factor V (FV) has been shown to be expressed in different cancer tissues, 

and to have possible effects on the progression. By understanding the relationship and the 

underlying mechanisms better, one can obtain more individualized treatment for patients 

suffering from cancer or cancer-related thrombosis.  

Throughout this thesis, we therefore aim to gain a better understanding of these underlying 

mechanisms by relating FV and cancer progression. A FV knockdown model was created and 

optimized to study the functional effect of FV, and possible effects of cell signaling in liver 

cancer cells. The cells were also tested for doxorubicin treatment, and the effect of this 

treatment on FV expression.  

The study performed for this thesis revealed an effective knockdown model in both cell lines 

by the use of 27mer FV siRNAs. Our experiments investigated the functional effects of FV 

showed no significant effects in liver cancer cell growth, and an increased apoptosis and 

reduced migration under FV knockdown was observed. In further cancer pathway cell 

signalling experiments the Wnt and JNK pathways were seen to be the most down-regulated in 

Huh7 cells under FV knockdown. Yet, an assay of the effect of the JNK pathway on apoptosis 

did not reveal any significant differences. Based on these results, and based on studies 

establishing a central role of the coagulation system, especially TF, in liver cancer progression 

and survival, FV seems to have oncogenic characteristics in liver cancer. However, there may 

be other possible mechanisms than ones studied in this thesis that influence the effect of FV, 

and this effect may originate from other members of the coagulation system which are worth 

investigating further.  

Results regarding doxorubicin treatment of the liver cancer cell lines revealed sensitivity to 

treatment. In addition, doxorubicin seemed to induce F5 mRNA expression significantly in the 

HepG2 cell line. However no interaction was seen in p53-induced apoptosis, and FV had no 

effect on cell proliferation under doxorubicin. Thus our results of FV as a possible oncogene, 

and no particular interaction of FV with doxorubicin, give a better knowledge and 

understanding of the role of FV in liver cancer.  
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1. INTRODUCTION 
 

1.1 Hepatocellular carcinoma (HCC) 
 
1.1.1 The cancer hallmarks 

Development of cancer is caused by a fundamental abnormality, involving unregulated 

proliferation of cells. Cancer cells exhibit loss of growth control, and thus, do not respond to 

the normal cell cycle signals of regulation. Instead, they grow and divide uncontrollably, which 

may lead to invasion of normal tissues and eventually spreading throughout the body (Cooper, 

2000; Reece et al. 2011).  

The framework called “the hallmarks of cancer” was developed by Weinberg and Hanahan, 

and defined as: “distinctive and complementary capabilities that enable tumor growth and 

metastatic dissemination”. The hallmarks present the biological traits that underlie the 

transformations of normal cells to cancer cells (Figure 1, left). There are six hallmarks, and for 

cancer to be fully developed, the cells need to exhibit all of these six hallmarks (Hanahan & 

Weinberg, 2011):  

 

1) Sustaining proliferative signaling 

2) Evading growth suppressors 

3) Activating invasion and metastasis 

4) Enabling replicative immortality 

5) Inducing angiogenesis 

6) Resisting cell death  

 

Research also suggests that there are two additional emerging hallmarks and two enabling 

characteristics (Figure 1, right). The emerging hallmarks involve the ability to modify cellular 

metabolism to most effectively support neoplastic proliferation, and allowing the cancer cells 

to evade immunological destruction. The enabling characteristics consist of genome instability, 

where genetic mutations in cancer cells evolve during growth leading to chromosomal 

abnormalities. In addition, a tumor-promoting inflammation characteristic is involved, where 

the cancer cells are induced by inflammation, leading to angiogenesis and induced blood flow 

(Hanahan & Weinberg, 2011).  
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Figure 1: Schematic diagram showing the hallmarks of cancer. Illustration of the six biological hallmarks 
of cancer (left), in addition to emerging hallmarks and two enabling characteristics (right) (Hanahan & 
Weinberg, 2011). 
 
 
1.1.2 Epidemiology and etiology of HCC 

Primary liver cancer is defined as a primary malignancy in the liver, and the most prevalent 

form of primary liver cancer is called hepatocellular carcinoma (HCC). It is the sixth most 

common cancer in the world, and is one of the leading causes of death from cancer worldwide 

(©CancerResearchUK 2014). HCC can be divided into three categories based on the Barcelona 

Clinic Liver Cancer staging system: early, intermediate-advanced and end-stage HCC (Llovet 

et al. 1999). The early stage has best prognosis, but is also the hardest to diagnose, intermediate 

stages show varied prognosis and symptoms, reflecting the heterogeneity of the disease and of 

the population itself. End-stage HCC (terminal stage) is associated with poor functional status 

among patients, and poor prognosis with an average survival rate of only 3 months (Llovet et 

al. 1999).  

 

1.1.2.1 Risk factors:  

Apart from the rising incidences of cirrhosis (chronic scarring of the liver) growing with the 

problem with obesity, hepatitis B virus (HBV) and hepatitis C virus (HCV) infections are 

identified as the two main risk factors for HCC, accounting for 75-80% of the cases of primary 

liver cancer worldwide (IARC, 2012). There are also great geographic variations of incidences, 

with most cases reported in the developing world (Globocan, 2012). However, there are positive 

trends to be seen for the global incidences in these parts of the world. The recent decline is 

partly due to increased vaccinations against hepatitis B and C. In contrast, the developing world 

is actually experiencing an acceleration of HCC because of the rising epidemic of obesity, 

diabetes and non-alcoholic steatohepatitis (NASH) (El-Serag et al. 2000).  
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HBV and HCV infections:  

Both HBV and HCV are direct inflammation-mediators of HCC by means of proliferative 

signaling, and indirectly promoting replication of the virus through short periods of high-

activity hepatitis, resulting in liver damage without virus clearance (Zemel et al. 2011). 

The pathogenesis of HCC in chronic HBV and HCV infection is a result of multiple steps of 

cell proliferation and apoptosis of the host cells, inflammation, fibrosis, cirrhosis and eventually 

dysplasia (Feitelson, 1999). It also involves a mechanism resulting from oxidative damage that 

promotes the development of mutations (Bréchot, 2004). In both HBV and HCV infections, 

activation of oncogenic pathways by viral oncogenes leads to development of cancer hallmarks 

by the infected cell (Figure 1): 

- Resisting cell death by blocking apoptosis 

- Influence replicative immortality  

- Induce angiogenesis by fibrogenesis 

- Driven by genome instability and mutations. HBV and HCV driven tumor initiation and 

progression is a result of genome instability (HBV DNA fragments are found in clusters 

near or within the fragile sites in cancer-associated regions that are prone to genetic 

instability) (Feitelson & Lee, 2007).  

For HBV infections, HBx (HBV-encoded antigen) is required for the transcription of the viral 

genome. It stimulates the cell-cycle entry by activating cyclins and cyclin-dependent pathways 

like Wnt, ras, JAK-STAT, NF-kB and Hedgehog that promote survival and growth (Figure 2) 

(Martin-Vilchez et al. 2011). Nuclear HBx also regulates the transcription that affects host cell 

gene expression (Kumar et al. 2011).  

In HCV infections, HCV-encoded core non-structural protein 3 and 5A (NS3 and NS5A) 

promote liver cell proliferation via the β-catenin pathway (Figure 2). In addition, they alter 

immune-mediated inflammation that contributes to tumorigenesis (indirectly) by binding to 

cellular signaling molecules and suppressing immune responses, tumor suppressors and 

apoptosis (Kumar et al. 2011). 
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Figure 2: Diagram showing the cancer hallmarks activation by human oncoviruses. The figure presents 
the activation of oncogenic pathways by viral oncogenes that lead to acquisition of cancer hallmarks by the 
infected cell (Mesri et al. 2014).  
 
 
Molecular classification and staging of HCC: 

HCC tumors can be classified or subdivided defined by a set of genes associated with biological 

phenotypes that reflect the clinical outcomes. The tumors are primarily classified into two major 

subgroups based on specific traits; tumors with aggressive biological/clinical traits and tumors 

with less aggressive traits. The aggressiveness and prognosis of the cancer is based on the 

activation of different pathways and genes (Hoshida et al. 2009). More aggressive tumors 

generally have more abundant mutations, biological markers and more activated pathways. 

These aggressive features of HCC tumors include cellular proliferation, ubiquitination and 

poorer prognosis. Whilst the less aggressive group includes traits like preserved hepatocyte 

function, smaller and less differentiated tumors and a better overall prognosis. (Reviewed by 

Goossens et al. 2015).  

 

Treatment: 

Treatment of HCC is a challenge because liver cancer resists most chemotherapeutic drugs, 

however there are multiple options depending on the stage of the cancer (Dhanasekaran et al. 

2012). Doxorubicin, 5-fluorouracil and cisplatin have shown to be effective to some extent. 

Sorafenib is a molecular target drug for HCC that has shown to be beneficial for patients with 

advanced tumors. Nevertheless, transplantation remains the most viable treatment option 
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because resection is not possible with marginal liver function as a consequence of the cancer. 

(Llovet et al. 2008).  

 
1.1.3 Genetic alterations in HCC 
Among the modified pathways and genetic changes in HCC progression, the most affected 

signaling pathways include the Wnt-β-catenin pathway and the Hedgehog pathway, both 

leading to uncontrolled cell division in HCC (Vilchez et al. 2016). The Wnt- pathway is a 

fundamental mechanism directing cell proliferation, cell polarity, and cell fate determination 

during embryonic development and tissue homeostasis (Logan & Nusse, 2004). And as a result, 

mutations in this pathway are often linked to cancer and other diseases.  

The most common Wnt pathway is canonical Wnt signaling, which regulates the amount of the 

transcriptional co-activator β-catenin to control key developmental gene expressions (Clevers, 

2006). The Wnt/ β-catenin pathway is also known to be frequently downregulated in HCC, and 

is involved in tumor progression and metastasis. With decreased Wnt signaling, β -catenin 

complexes with tumor suppressors and the nuclear accumulations of β-catenin are associated 

with β -catenin mutations which lead to phosphorylation and destruction of the β -catenin gene 

(Kumar et al. 2011; MacDonald et al. 2009).  

An important genetic change is the mutated p53. This gene is mutated in 61% of HCC cases 

(cBIOPortal, McCoig unpublished, 2018). Studies suggest that p53 mutations are not the cause 

of liver cancer (HCC), but rather the consequence of the disease development by contributing 

to tumor progression and metastasis (Ueda et al. 1995). 

 
 

1.2 Coagulation (Hemostasis) 
 
Coagulation (hemostasis) is defined as the stopping of bleeding, and is a highly regulated, 

dynamic process under strict control of several inhibitors in the body that limit clot formation 

and avoid generation of thrombus (stops bleeding at the site of injury) (Palta et al. 2014).  

The coagulation cascade may be triggered by either the intrinsic or the extrinsic pathway. The 

intrinsic pathway is initiated when factor XII (FXII) is activated by the presence of collagen in 

an injured vessel, and goes on to activate factor X (FX) through the FVIII/FXI complex (Figure 

3). The extrinsic pathway concerns the activation of FX through tissue factor (TF) and factor 
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VII (FVII), and the pathway eventually unites with the intrinsic one to form thrombin through 

the common coagulation pathway (Figure 3) (Fujikawa et al. 1974).  

 
 

 

 
 
 
 
 
 
 
 
 
 
 
Figure 3: A schematic representation of the coagulation cascade. The coagulation cascade (blue arrows) 
is activated during hemostasis via the intrinsic pathway (red arrows) or extrinsic pathway (grey arrows) that 
eventually converge into the common pathway of coagulation. Both pathways activate FXa and thrombin 
subsequently, which is required for the further conversion of fibrinogen to fibrin and for activating FXIII 
(From Loof et al. 2014).  
 

1.2.1 Primary hemostasis 
Primary hemostasis mainly involves platelet aggregation and platelet plug formation, which 

means that platelets are activated and exposed to the subendothelial matrix. The exposure 

causes adherence of the platelets to the injury site, and to each other, making a hemostatic plug 

to stop the bleeding. Thus, this will only happen by the site of an injury, and does not take place 

under normal conditions, in healthy blood vessels with normal blood flow (Gale, 2011).  

 

1.2.2 Secondary hemostasis (The cell based model) 
The degradation of insoluble fibrin generated by the coagulation cascade is a process called 

secondary hemostasis, and links the coagulation and the fibrinolytic processes (Gale, 2011). 

The process involves a cascade of coagulation serine proteases that end up in the cleavage of 

soluble fibrinogen by thrombin. However, as in primary hemostasis, healthy and intact vessels 

will not have an activated cascade because of the presence of multiple anticoagulant 

mechanisms preventing this activation from happening. The understanding of the coagulation 

mechanism is established from a cell-based model involving three overlapping phases in 

coagulation: initiation, priming (or amplification) and propagation (Hoffman & Monroe, 2001).  



   

 7 
 

 

 

TF is defined as the primary coagulation trigger in the cell based model and is a transmembrane 

glycoprotein found on the surface of various cells (Bach, 1988). TF is also the main initiator of 

the extrinsic coagulation cascade (Figure 3). When injury occurs in the vascular system and the 

vessel wall is disrupted, TF-expressing cells in the underlying cell layers will be exposed to the 

bloodstream (Drake et al. 1989). 

The initiation of coagulation begins the process by TF binding to activated factor VII (FVIIa), 

and activates factor IX (Figure 3). This triggers the extrinsic coagulation pathway. The 

TF/FVIIa complex proteolytically cleaves FX to FXa, which activates factor V to factor Va 

(FVa) and complexing with it to form the prothrombinase complex (Hoffman & Monroe, 2001;  

Monroe et al. 2002). The prothrombinase complex then converts prothrombin to thrombin, and 

eventually, thrombin will induce the formation of fibrin from fibrinogen, initiating the  

production of a blood clot (Drake et al. 1989). 

During the priming/amplification phase, the produced thrombin acts on protease-activated 

receptors (PAR) to activate platelets, releasing the contents of α-granules, including factor V 

(FV). Thrombin then cleaves factor VIII (FVIII) which dissociates from VWF, and activates 

it along with FV and factor XI (Figure 3). In addition, the tissue factor pathway inhibitor 

(TFPI) will inactivate the FVIIa/TF/FXa complex (Hoffman & Monroe, 2001; Monroe et al. 

2002). 

Propagation involves binding of TF/FVIIa to activated platelets and generating FIXa on the 

platelet surface. The tenase complex of FVIIIa/FIXa activates FX, which complexes with FVa 

and generates a thrombin burst (Cosemans et al. 2011; Monroe et al. 2002). The generated 

thrombin binds and cleaves fibrinogen, releasing fibrinopeptides A and B, which then 

polymerize by forming protofibrils with adjacent fibrin molecules. In addition, thrombin will 

activate factor XIII (FXIII) which stabilizes the fibrin clot by forming cross-links (Scott et al. 

2004; Schroeder & Kohler, 2013) (Figure 3).  

Fibrinolytic components are on the surface of a fibrin clot to mediate the degradation of 

fibrin. Tissue-type plasminogen facilitates this process because it is enhanced in the presence 

of fibrin. The plasminogen activator cleaves plasminogen to plasmin, an active enzyme, 

which produces fibrin degradation products. This system is tightly controlled by inhibitors 
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where thrombin acts as an activator of a further inhibitor of fibrinolysis and linking the 

coagulation system with this process (Rijken & Lijnen, 2009).   

 

1.2.3 Regulation of coagulation 
The coagulation pathway is highly regulated at each phase, either by various enzymatic 

inhibition or modulation of cofactor activity. The tissue pathway inhibitor (TFPI) is the 

mediator of one of the three main inhibitory mechanisms, by binding and inhibiting the 

TF/FVIIa/FXa complex generated during the initiation phase, and this activity is enhanced by 

protein S (Iakhiaev A et al. 1999).  

The second inhibition mechanism is performed by antithrombin (AT). AT is a serine protease 

inhibitor contributing to down-regulation of coagulation and is referred to as the most important 

inhibitor of coagulation (Jeffery & Weitz, 2010). AT inhibits the procoagulant enzymes 

thrombin and FXa among other clotting enzymes in a reaction accelerated by heparin (Pike et 

al. 2005) (Figure 3).  

Protein C is responsible for the last main inhibitory mechanism in the coagulation cascade. 

Protein C is a plasma protein activated by the thrombin-thrombomodulin complex, and the 

endothelial protein C receptor (EPCR). Once activated to activated protein C (APC), the protein 

(with the help of protein S) cleaves FVIIIa and FVa to inactivate them (Esmon, 1989). As a 

result of this inactivation, FVa loses its high affinity for FXa and prothrombin binding 

interactions (Guinto & Esmon, 1984). The complexes between proteases and cofactors 

(procoagulant and anticoagulant) are formed on negatively charged membrane surfaces that are 

provided by activated platelets. This localization of the coagulation cascade reactions is critical 

to restrict coagulation to the site of injury (Cramer et al. 2010; Schen & Dahlbäck, 1994; 

Walker, 1980).  

Lastly, thrombin is also involved in down-regulation of the coagulation cascade by binding to 

thrombomodulin on endothelial cells before activating protein C. Thrombomodulin is 

expressed on the surface of endothelial cells and serves as a receptor for thrombin. When bound 

to thrombomodulin, thrombin can no longer serve as a procoagulant and cannot activate 

platelets, convert fibrinogen to fibrin or amplify its generation (Esmon, 2006).  
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1.3 Cancer and coagulation 
 
It is a well-known fact that cancer patients have an increased risk of thrombosis. 

Thromboembolic events are in fact the second leading cause of death in cancer patients after 

cancer itself. On the other hand, thrombosis can also be the first sign of a malignant disease, 

preceding the diagnosis of cancer by months, or even years (Falanga et al. 2013). The risk 

factors of these coagulation events are either related to the patient, the cancer or to the treatment. 

It has been documented that treatment of cancer enhances the risk of venous thromboembolism 

(VTE). Chemotherapy for instance, is associated with a 2- to 6-fold increased risk of VTE 

compared with the general population. Similarly, the drug sorafenib, a non-chemotherapeutic 

drug targeting the angiogenesis pathway, used in treatment of liver cancer, has shown to elevate 

the risk of arterial events (Khorana, 2012). 

Patients with thrombosis-associated malignancies are also reported to have a higher mortality 

rate than those without. However, this survival rate may not be due to the thrombotic event, but 

is instead related to tumors with more aggressive behavior. This provides evidence that cellular 

and circulating hemostatic factors have a central role in tumor progression including 

angiogenesis and metastasis (Lima et al. 2013). 

 

1.3.1 The role of coagulation in cancer progression 
Coagulation activation and tumor progression are closely linked. Tumor cells may actually 

activate the hemostatic system in multiple ways; by releasing procoagulant TF, cancer 

procoagulants and microparticles that directly activate the coagulation cascade. Tumor cells 

can also activate the host’s hemostatic cells by either the release of soluble factors or by direct 

adhesive contact (Figure 4) (Falanga et al. 2009). 

Tumor growth and aggressiveness rely on the capacity of cancer cells to promote 

neoangiogenesis and metastasis, and components of the hemostatic system like TF, thrombin, 

FVIIa and fibrinogen have been documented to be involved in both clotting dependent and 

clotting-independent cancer promoting mechanisms (Falanga et al. 2009; Falanga et al. 2013).   
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Figure 4: Tumor-hemostatic system interactions. Tumor cells can activate the hemostatic system in multiple 
ways by releasing procoagulant tissue factor, cancer procoagulant and microparticles (MP). Tumors cells can also 
activate the hemostatic cells by release of soluble factors or by direct adhesive contact, and thereby enhancing the 
clotting activation further (Falanga et al. 2013) 
 
1.3.1.1 Clotting dependent mechanisms and cancer progression 

Fibrin is deposited in the tumor vasculature and facilitates angiogenesis by providing a scaffold 

for new vessel formation. The fibrin deposition is thought to favour the metastatic process by 

stabilising tumor cell adhesion (Falanga et al. 2009). Platelets can be directly or independently 

activated from thrombin, by tumor cells through release of pro-aggregating substances or 

through adhesion mechanisms (Lowe et al. 2012). The formation of tumor cell-platelet 

thrombin can support metastasis formation by preventing interactions between tumor and innate 

immune cells (Palumbo et al. 2005).  

 
1.3.1.2 Clotting independent mechanisms and cancer progression 

Malignant cells also produce various procoagulant factors themselves. Among these are tissue 

factor (TF), and thrombin, which both contribute to tumor progression by interaction with 

specific receptors belonging to the family of protease-activated receptors (PAR) expressed by 

platelets and tumor cells (Falanga et al. 2009).  

TF binds to FVIIa and initiates downstream signalling cascades that promote increased 

endothelial cell adhesion and migration. In addition, TF in complex with FVIIa and FXa, 

activates one or more PARs to support angiogenesis in vivo (Uusitalo-Jarvinen et al. 2007). 

Other procoagulants have been demonstrated in human tumors, including a factor XIII-like 

activity capable of fibrin covalent cross-linking. In addition, FVa bound to the tumor cell 

surface on the plasma membrane has been seen to serve as an FXa receptor site, facilitating the 

assembly of the prothrombinase complex (VanDerWater et al.1985).  
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Thrombin is known to upregulate several angiogenesis-related genes in endothelial cells, 

including VEGF and VEGFR (Ruf, 2007). Thrombin-activated platelets also become 

proangiogenic by releasing proangiogenic factors from their granule contents, including VEGF 

and platelet-derived growth factor (PDGF) (Mohle et al. 1997).  

In addition to these mechanisms, the Tissue Factor Pathway Inhibitor (TFPI) has been 

documented by our research group to decrease adhesion and migration and thereby indicated 

an anti-tumor characteristic in breast cancer. (Pollen, 2014). Stavik et al. (2011) also reported 

an association between TFPI and a decrease in breast cancer cell growth, migration and 

invasion. 

 

1.3.2 The role of coagulation in liver cancer 
Studies have established that coagulation has a role in liver diseases, and also in liver cancer. 

Increased plasma TF levels are closely related to occurrence of chronic liver diseases and it has 

been shown that tissue levels of TF have a significant association with venous invasion, tumor 

staging and survival in HCC (Zhou et al. 2011).  

Hepatocytes occupy more than half of the total liver volume and carry out critical functions in 

coagulation factor synthesis (TF, FVII, etc.) in the liver. Overexpression of TF has been found 

in both plasma and liver tissue of HCC patients, and the expression was upregulated in poorly 

differentiated HCC, which suggests that the expression of TF is related to higher grade tumors 

and to poorer prognosis (Lin et al. 2016). Nevertheless, the basis of the high frequency of 

coagulation events in cirrhotic patients of chronic liver disease is not yet fully understood (Lin 

et al. 2016). Various studies support the statement of a close relationship between TF/FVIIa 

initiated coagulation and liver disease in association with reduced autophagy (Lin et al. 2016). 

Lin et al. (2016) also suggested a crucial impact of the TF/FVII/PAR2 coagulation pathway on 

tumor malignancy under certain circumstances, and thus an association between FVII and the 

clinical staging of HCC.  
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1.4 Coagulation factor V  
 
1.4.1 Structure and activation of coagulation factor V  
Coagulation factor V (FV) is a single-chain glycoprotein of 330-kDa circulating the blood. It is 

a multidomain (A1-A2-B-A3-C1-C2) procofactor and plays a crucial role in hemostasis as both 

a procoagulant and anticoagulant cofactor (Figure 5) (Jenny, 1987; Kane & Davie, 1987). 

Removal of the middle B-domain by thrombin or a partly removal of the B-domain by FXa 

generates the activation of FV to FVa. A cleavage in the A2-domain by APC will induce the 

activation of FV to anticoagulant activated factor V (FVac) (Asselta et al. 2006). 

The gene encoding FV is located on chromosome 1, and about 20-25% of total human FV is 

found on the alfa-granules of platelets where it is stored in a partially proteolyzed form in 

association with multimerin (Figure 5) (Jenny, 1987). Single chained FV is mainly synthesized 

in the liver, partially in megakaryocytes where it is absorbed from plasma through endocytosis 

(Asselta et al. 2006; Segers et al. 2007).  

 

 

 

 

 

 

 

 

 
 
 
Figure 5: Schematic structure of the FV gene: A: Exons and introns of the FV genes, exons are shown 
with colored structures, while introns are shown as a black line. B: FV domains organized by the correlated 
colored exons (A). FV cleavage sites for activation or inactivation of anti- and procoagulants, are arrows, red 
represent inactivation and green represent activation. Amino acid numbers are shown for each cleavage site 
in the FV protein and signal peptide is represented by NH2 (Asselta et al. 2006).  
 

FV has also been detected in other cell types, in addition to the liver, which suggests that they 

also contribute to its expression. Dashty et al. (2012) showed that FV was expressed by 

monocytes, suggesting that these cells play a more active role in the coagulation process by 

activating FX via cell-autonomous FV delivery. FV may be activated by elastase and cathepsin 
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G, which are both present in monocytes, and this activation can then further stimulate FX 

activity through FV-dependent mechanisms (Allen & Tracy, 1995).  

Because FV has a dual role in the coagulation cascade, genetic or acquired defects and 

deficiencies may result in thrombotic or hemorrhagic incidents. FV deficiency is a rare bleeding 

disorder first discovered by Paul Owren in 1943. The disorder is mainly due to development of 

antibody inhibitors, and results in a blocked clotting reaction because of deficient or non-

working FV (WFH®, 2012; Knöbl & Lechner, 1998). In the liver, data reported by Bernuau et 

al. (1986) established FV as the best prognostic indicator in fulminant hepatic failure (FHF). In 

addition, lower FV levels in patients with FHF were documented from a study done by Izumi 

et al. (1996), to be associated with lower survival rates. 

 

1.4.2 Procoagulant properties of FVa 
FV itself has little or no intrinsic procoagulant activity prior to activation, and thus must be 

activated to FVa to act as a cofactor to achieve this. The activation (or conversion) of FV to 

FVa happens by a number of proteases including thrombin, FXa and plasmin, in which 

thrombin is seen as the most significant with respect to biological function (Hockin et al. 2002). 

Thrombin cleaves sequentially at Arg709, Arg1018, and Arg1545, removing the B domain to 

generate non-covalently associated FVa light and heavy chains (Krishnaswamy et al. 1989). 

Procoagulant FVa serves as a cofactor for FXa in the prothrombinase complex in activation of 

prothrombin to thrombin. This activation of FV to FVa is essential for the biological function 

of FXa because single-chain FV does not bind FXa (Mann K.G. & Kalafatis, 2002). Thus, the 

amount of thrombin-activated FVa is also crucial for the generation of the prothrombinase 

complex (Keller et al. 1995; Segers et al. 2007; Toso & Camire, 2004). Generated activation 

of thrombin will thus further increase the thrombin-activated FVa (Mann & Kalafatis, 2003).  

FV may also be activated by FXa through the same cleavages as in thrombin activation, but in 

a different order: Arg1018, Arg709 and Arg1545. (Monkovic & Tracy 1990). The cleavage 

leads to a partial loss of the B-domain and the light and heavy chain are held together by calcium 

ions and hydrophobic interactions. (Mann & Kalafatis, 2003). 

Activated Protein C (APC) down-regulates alfa-thrombin generation along with the coagulation 

process, and thus proteolytically inactivating FVa and FVIIIa (Esmon, 1987). APC will bind to 

the light chain of FVa as a competitor to FXa. Conversely, FXa impairs APC cleavage and 
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inactivates the cofactor (Solymoss et al. 1988; Nesheim et al. 1982). Hence, APC provides 

inhibition of coagulation by competition with FXa and by cleavage of FVa (in the heavy chain 

at Arg506, Arg306 and Arg679) and inactivation (Kalafatis & Mann, 1994).  

Plasmin has also been shown to inactivate FVa involving cleavages at Lys309, Lys310, Arg313 

and Arg348 and most likely results in the dissociation of the A2 domain of the cofactor from 

the rest of the molecule (Kalafatis & Mann, 2001). 

 

1.4.3 Anticoagulant properties of FV 
Factor V was first viewed as only a procoagulant cofactor, however anticoagulant roles of FV 

were proposed in 1983 and 1994 (LaBonte, 2013). It was then shown that FV could function as 

a cofactor for activated protein C (APC). APC is a member of the anticoagulant pathway and 

downregulates the coagulation process through proteolytic inactivation of factors VIII/VIIIa 

and both FV and FVa. The FV cofactor activity for APC was in APC inactivation of FVIIIa in 

the presence of Protein S. Interestingly, protein S alone has little cofactor activity, but in the 

presence of FV it is significantly enhanced (Thorelli, 1999). Membrane-bound FV and FVa 

(including the B domain) resulted in an increase in the rate of inactivation of FVIIIa by the 

APC/Protein S complex when compared to FVa without the B-domain (Lu et al. 1996), 

suggesting that the B region of FVa may be responsible for the cofactor effect of FVa during 

this inactivation. 

In addition, results showed that APC-mediated cleavage at Arg506 converts FV to its 

anticoagulant cofactor, whereas Arg-306 or Arg679 had no effect on APC-cofactor activity. At 

the same time this eliminated the remaining procoagulant FV present (Thorelli, 1999). FVa is 

also inactivated by the cleavage of thrombin or FXa in Arg1545, which results in loss of the B- 

and A3-domain in FVa (Thorelli et al. 1999).  

 

1.4.4 The role of FV in disease (FV Leiden)  
Factor V Leiden thrombophilia is an inherited blood clotting disorder, and is the name of a 

specific gene mutation characterized by a poor anticoagulant response to APC. APC normally 

inactivates FV by a cleavage at three different amino positions: R 306, R 506 and R 679. The 

“Factor V Leiden” mutation refers to the specific guanine to adenine substitution at nucleotide 

1691 in the F5 gene, which then predicts the substitution of glutamine for arginine at the Arg 

506 APC cleavage site. Because of this amino acid substitution, FVa is resistant to APC and is 
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inactivated slower than normal, which results in increased thrombin generation (Martinelli et 

al. 1996; Zöller et al. 1996; Mazoyer et al. 2009).   

FV Leiden is the most commonly and inherited form of thrombophilia, where 3-8% of people 

with European ancestry carry one copy of the mutation, while about 1 in 5000 people have two 

copies (Genetics Home Reference, 2018). People affected with FV Leiden thrombophilia also 

show a 50% greater risk of developing deep venous thrombosis (DVT) than the general 

population (Kreidy, 2012). In addition, FV Leiden increases the risk of clots breaking away 

from original sites and traveling through the bloodstream, however only about 10 percent of 

individuals with this FV Leiden mutation ever develop abnormal clots (Genetics Home 

Reference, 2018). 

FV Leiden is often suspected in individuals with a history of VTE. The diagnosis for FV Leiden 

thrombophilia is established in a proband by identification of heterozygous or homozygous 

c.1691G>A variant in conjunction with coagulation tests such as APC resistance assay. 

Evidence has also shown that heterozygosity for the Leiden variant has, at most, a modest effect 

on risk for recurrent thrombosis after initial treatment of a first VTE (Kujovich, 1999).  

 

1.4.5 Other biological roles of FV 
FV has been shown to participate in inflammatory responses. When cleaved by APC in Arg506, 

it functions together with protein S as a cofactor for APC-mediated anti-inflammatory cell 

signaling in a sepsis model (of endotoxemia and infection) in mouse (Liang et al. 2015). This 

anti-inflammatory cofactor function of FV involved the same structural features that control 

FV’s cofactor function for the anticoagulant effects of APC, however, the anti-inflammatory 

activities did not involve proteolysis of activated FVa and FVIIIa (Liang et al. 2015). 

In addition to its involvement in coagulation and inflammation, FV has other biological roles 

in the body. A study done on Factor V Leiden showed that homozygous carriers of the 

prothrombotic FVL polymorphism had an increased risk of colorectal cancer compared to 

noncarriers, presenting a role of FV in cancer (Vossen et al. 2011). A study done by 

VanDerWater et al (1985) also found that FVa is bound to the plasma membrane surface 

together with calcium to generate the active enzyme prothrombinase in tumor cells.  

Wojtukiewicz et al. (1989) studied coagulation mechanisms and found from a staining that FV 

was present in perivascular and intercellular areas of colon cancer tumors. A more recent study 
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conducted by Tinholt et al. (2014) revealed a connection of F5 SNPs with breast cancer. A 

breast cancer cohort and three breast cancer data sets were used to determine the association 

between the F5 gene expression (tumor-specific), circulating FV, F5 SNPs, clinical 

characteristics and breast cancer survival. It was found that FV was a possible marker of 

aggressive breast cancer, and also a predictor of favorable outcome for patients. This evaluation 

may be useful for clinical prognosis and treatment of decisions in aggressive breast cancer 

(Tinholt et al. 2018).  

1.4.5.1 Studies of FV in liver cancer 

FV is, as mentioned, synthesized in the liver, and is thus highly expressed in the liver. We 

studied this expression in comparison to other cancers for illustration. From TCGA data, we 

found that FV was overexpressed in liver cancer tissue when compared to other cancer types 

(Figure 6).  

 

 

 

 

 

 

 

 

 

 
 
Figure 6: A comparison of F5 expression between different cancer types from TCGA data (McCoig 
unpublished, 2018). 
 
 
Figure 7 presents the expression of FV in normal tissue versus tumor tissue in different cancer 

types, and FV expression is again clearly higher in HCC (red square, Figure 7) compared to the 

others. Not much difference was observed between the expression in tumor and normal tissue.  



   

 17 
 

 

 

 

 

 
 

 

 

 

 

 

 
Figure 7: F5 expression in cancer tissue vs. normal tissue in different cancer types. Derived from TCGA 
data (McCoig unpublished, 2018).  
 

The liver consists of different cell types: hepatocytes (or liver epithelial cells), which take up 

about 60-80% of all cells in the liver, in addition there are hepatic stellate cells (also called fat-

storing cells), Kupffer cells (liver macrophages) and liver-derived endothelial cells. Most HCC 

cells are derived from hepatocytes, including Huh7 and HepG2, however, it is not fully known 

exactly where all HCC cells originate from (Sia et al. 2017).  

Multiple cell types may differentiate to hepatocellular carcinoma, and primary liver cancer 

tumors can be classifies by the tissue of origin, either from mesenchymal cells or from epithelial 

cells. Thus, FV could be expressed in different cell types in the liver and thereby not exhibiting 

a big difference in expression between tumors and normal tissue.  

The cellular events during hepatocarcinogenesis illustrate that HCC may arise from cells at 

various stages of differentiation in the hepatocyte lineage. There are four levels of cells in the 

hepatic stem lineage: bone marrow cell, hepato-pancreas stem cells, oval cell and hepatocyte. 

All these four levels of cells in the hepatic stem cell lineage may be targets of 

hepatocarcinogenesis (Wu & Chen, 2006).  
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1.5 Cytostatic treatment of cancer 
 

1.5.1 Chemotherapy  
Chemotherapy is an aggressive chemical drug therapy meant to destroy rapidly growing cells 

(tumors) in the body. It is considered a systemic treatment, circulating the body, which means 

it also affects nearly all cells, and is why it can treat cancer cells in almost any tissues. 

Chemotherapy interferes with the cancer cell’s ability to divide and reproduce by damaging the 

genes inside of the cell nucleus. Thus, it will also cause side effects by affecting healthy tissues 

where cells are constantly growing and dividing. This involves hair, bone marrow, skin and the 

lining of the digestive system (©Cancer Research, 2017). However, because cancer cells divide 

more rapidly and more uncontrollably than normal cells, chemotherapy is more likely to kill 

the cancer cells than normal dividing and healthy cells in the body (HealthLine®, 2016).  

 

1.5.2 Chemotherapy and coagulation 
The fact that cancer patients have a highly increased risk of venous thrombosis, is well 

documented. In fact, the overall risk of thrombosis was increased 7-fold in patients with a 

malignancy when compared to persons without (Blom et al. 2005). In addition, cancer 

chemotherapy is a major contributor to the increased thrombosis incidents in cancer patients. 

Studies have shown that higher incidences of thrombosis occurred during chemotherapy in 

about 17% in breast cancer patients, but the effect was also seen for multiple myeloma patients, 

confirming the association between chemotherapy and thrombosis (Goodnough et al. 1984; 

Libourel et al. 2010).   

Chemotherapy can affect the body and increase the risk of thromboembolic diseases in patients 

through alterations in blood flow and damage of endothelial cells. (Kim et al. 2011; Letal & 

Kuter. 1999). The treatment can cause a reduction in the levels of anticoagulant protein C and 

S.  

In order to prevent this chemotherapy-related thrombosis, the mechanism behind it needs to be 

understood, and many studies have been conducted in order to uncover this. Cytotoxic 

chemotherapy contributes to the risk of thrombosis in several ways. It induces vascular injury 

through apoptosis. Platelets are considered to play a critical role in increased thrombotic risks 

in the patients under chemotherapy, however the exact mechanisms are not yet fully understood 

(Bernat & Herbert, 1994; Togna et al. 2000). Following exposure to prothrombotic stimuli, 
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platelets undergo aggregation under exposure to prothrombotic stimuli and express 

procoagulant activity through phosphatidylserine (PS) exposure and thrombin generation 

(Gawaz, 2004; Ruggeri, 2002; Lentz, 2003). In addition, platelets release vasoactive mediators 

like serotonin and thromboxane (Lee et al. 1998).  

 

1.5.3 Doxorubicin  
Doxorubicin has been shown to be associated with a 7-fold increase in the risk of deep vein 

thrombosis in patients with multiple myeloma (Zangari et al. 2001). Doxorubicin is an 

anthracycline anticancer cytostatic drug used for treatment of a range of different types of 

cancers, including liver cancer.  

Doxorubicin’s mode of action involves two proposed mechanisms. One is the intercalation 

between adjacent basepairs of the DNA double helix, and binding DNA-associated enzymes 

like topoisomerase, and effect on membranes (Bodley et al. 1989). The other mechanisms 

comprise the generation of free radicals and their damage to cellular membranes, DNA and 

proteins (Thorn et al. 2011). In short, doxorubicin is oxidized to semiquinone, an unstable 

metabolite, which is then converted back to doxorubicin in a process that releases reactive 

oxygen species. This can lead to lipid peroxidation, and membrane damage, DNA damage, 

oxidative stress, and triggers apoptotic pathways of cell death (Doroshow, 1986). Alternatively, 

doxorubicin may also enter the nucleus and poison topoisomerase-II, resulting in DNA damage 

and cell death as well (Tewey et al. 1984).  

Studies have shown that doxorubicin induces apoptotic signaling mechanisms, and the 

transcription factor p53 has an important role in apoptosis. Mutational inactivation of p53 is 

also frequently observed in multiple human cancers (included liver cancer), and the activation 

of p53 promoting apoptosis in tumor cells is a key mechanisms in antitumor drugs like 

doxorubicin (Lowe et al. 1994; Lotem et al. 1996).  

 

 

1.6 In-vitro knockdown cell models in liver cancer 
 

Technological advances in molecular biology of human or mammalian cells in vitro have 

increased the ability to introduce functional genes into a variety of cell types. Cancer cell lines 

are valuable models for studying cancer as they are easily manipulated and molecularly 
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characterized (van Staveren et al. 2009). In addition, research into characterization of cancer 

cell lines gives important insights into biological mechanisms involved in disease and is 

essential for development of new anticancer drugs and understanding the pattern of 

sensitivity/resistance of chemotherapeutics already in use (Louzada et al. 2012; Engel et al. 

1978). Most commonly, studies on specific gene function in cell models are done by creating 

either overexpression models or knockdown models of specific genes.  

Overexpression of a certain gene is a complicated process where specific genes are expressed 

more excessively than normal, and may result in mutant phenotypes. However, it provides an 

alternative and powerful tool to identify pathway components that might remain undetected 

using traditional loss-of-functional (knockdown) analysis (Prelich, 2012). A study in 1983 

established two major advances in use of overexpression models: that so called library screens 

were used to identify the targets, and showing that overexpression libraries could be used as 

both functional probes to clone genes by complementation, and used to identify phenotypes on 

wild-type cells (Rine et al. 1983). 

Knockdown in vitro can be achieved through RNA interference (RNAi). RNAi is a highly 

conserved process of posttranscriptional gene silencing, allowing loss of gene function analysis 

in mammalian cells and animal models (Fire et al. 1998; Zamore et al. 2000). The RNAi 

technology uses short interfering RNA (siRNA) molecules to knock down expression of a gene 

of interest. There are several ways to induce RNAi: either by synthetic molecules, RNAi 

vectors, and in vitro dicing (Dominiska & Dyxhoorn, 2010).  

In mammalian cells, siRNAs initiate the specific degradation of a targeted cellular mRNA. In 

the process of gene knockdown, dsRNAs derived from convergent transcription or from 

hairpin-structured RNAs, are cleaved by the RNase III family member called Dicer into 

duplexed siRNAs (Okamura et al. 2008). The antisense strand of the siRNA duplex becomes a 

part of a multi-protein complex, also called an RNA-induced silencing complex (RISC) 

(Tomari et al. 2004). The passenger strand of the siRNA duplex is cleaved and released, leaving 

the guide strand to direct the activated RISC to the complementary sequence in the target 

mRNA (Figure 8) (Elbashir et al. 2001). The cleaved message is then targeted for degradation 

which will result in loss of protein expression (Dominiska & Dyxhoorn, 2010). In this thesis 

factor V was knocked down in the hepatocellular carcinoma cell lines Huh7 and HepG2 by 

using RNA interference by siRNA transfection.  
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Figure 8: RNAi-mediated gene silencing. Large dsRNA or shRNA molecules are transcribed from plasmids 
in the nucleus and are cleaved by Dicer into smaller siRNA molecules. The siRNAs will associate with 
proteins and form the RISC complex where the passenger strand of the siRNAs is removed, and the guide 
strand directs the RISC to complementary mRNA transcripts. Argounate in the RISC will then cleave the 
mRNA (from Dominiska & Dykxhoorn, 2010). 
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2. AIMS 
 
It is well known that there is a link between cancer and cancer progression and increased risk 

of thrombosis. Thus, by studying the molecular connection between cancer and thrombosis, one 

can achieve a better understanding of these associations and thereby contribute to finding more 

individualized treatment for cancer patients and for cancer-related thrombosis.  

Single nucleotide polymorphisms (SNPs) in the F5 gene have been identified to be associated 

with breast cancer. Moreover, F5 is expressed in breast tumors, and higher expression is a 

marker for aggressive tumors, yet also better overall survival in breast cancer patients. This 

suggests FV as a possible tumor suppressor candidate in breast cancer, however the functional 

relevance of FV in tumor progression is yet to be investigated. Because FV is mainly 

synthesized in the liver, it was interesting to study the role of FV in progression of liver cancer, 

in relation to what is already established in breast cancer.  

In this thesis, the functional effects of FV downregulation (knockdown) in liver cancer cell lines 

were studied. In addition, the cell lines were used to study the effect of cytostatic treatment on 

FV in vitro.  

The specific aims of this study were as follows:  

1) Study the effects of FV knockdown in liver cancer cells  

a. Create a knockdown model of coagulation Factor V (FV) in the liver cancer cell 

lines; Huh7 and HepG2 

b. Study the functional effects of FV knockdown on cell growth, cell death and cell 

migration 

c. Studying the molecular mechanisms behind the effects of FV knockdown in 

cancer progression by cell signalling 

d. Creating a stable knockdown model of coagulation Factor V knockdown in 

Huh7 and HepG2 

 
2) Study the effects (and sensitivity) of cytostatic treatment in the liver cancer cell lines 

a. Effect on cell proliferation under treatment of doxorubicin 

b. Effect of doxorubicin on FV expression 

 



   

 23 
 

 

3. MATERIALS & METHODS  
A complete list of solutions, reagents, software, instruments, kits, primers and disposables 

used during this thesis are listed in the Appendix A, C and D. 

 

3.1 Cell techniques  
 
3.1.1 Liver cancer cell lines 
In this thesis, two types of human liver cancer cell lines were used to study the functional role 

of FV. The HepG2 and Huh7 cell lines (Table 1 and Figure 9) are human hepatocellular 

carcinoma derived cells and were both used in studies of Coagulation Factor V (FV) 

knockdown gene expression in association to cell-growth, apoptosis and necrosis, cell 

migration as well as cell signalling. In addition, the cell lines were used in studies concerning 

sensitivity to cytostatic treatment. 

 
Table 1: Huh7 and HepG2 cell line characteristics, including ATCC catalogue no., derivation, morphology, 
growth properties and p53 status. 

 
 
3.1.1.1 Cell Cultivation: 

The Huh7 and HepG2 cell lines used were cultured in NuncTM Cell Culture Treated 

EasYFlasksTM (T25, T75 and T125). Fetal Bovine Serum was added to the medium because of 

its growth factors which are necessary for cell growth. Serum also neutralizes Trypsin, which 

was used to dissociate cell-cell and cell-flask adhesion during splitting of the cells.  

The cell lines were incubated in a Steri-cycle CO2 humidified incubator at 37 °C with 5% CO2. 

The cells’ morphology and confluence was determined using a Nikon Eclipse TE 300 

 HUH-7 HEPG2 
ATCC Catalogue No.:  PTA-4583 HB-8065 

Organism: Homo Sapiens Homo Sapiens 

Derivation: 
Derived from liver hepatocellular 
carcinoma of a 57-year-old 
Japanese male 

Derived from liver hepatocellular 
carcinoma of a 15-year-old 
Caucasian male 

Morphology: Epithelial (hepatocyte) Epithelial (hepatocyte) 

Growth Properties: Adherent Adherent 

Growth Media and Serum: 
Dulbecco’s Modified Eagle 
Medium (DMEM) supplemented 
with 10% Fetal Bovine Serum 
(FBS 

Dulbecco’s Modified Eagle 
Medium (DMEM) supplemented 
with 10% Fetal Bovine Serum 
(FBS 

p53 Status:  Mutated (MUT) Wild type (WT) 
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microscope, and when they reached 80-90% confluence they were split to avoid overgrowth. 

This was done by discarding the cell culture, washing with DPBS, detaching the cells with 

Trypsin and adding fresh medium. They were then transferred to a new bottle and incubated. 

Both cell lines used were tested for mycoplasma contamination by using the MycoAlertTM 

Mycoplasma Detection Kit (Lonza) and following the manufacturer’s protocol. All cells used 

in this study were free for mycoplasma.  
         A                             B 

Figure 9: (A) HepG2 and (B) Huh7 Human Hepatocellular carcinoma derived cells during culturing. 
 

3.1.1.2 Cell Quantification:  
The NucleoCounter® NC-100TM was used following the manufacturer’s manual, to count the 

cells. In short, 100 μl cell suspension was mixed with 100 μl Reagent A100 (lysis buffer) and 

100 μl Reagent B (neutralizer). The suspension was loaded into a NucleoCasette, which 

contains propodium iodide (PI), a fluorescent dye that stains cell nuclei, by binding DNA, and 

then counts the cell number per mL.  

 

3.1.2 Transient transfection with F5 siRNAs  

3.1.2.1 Screening of F5 siRNAs by transient transfection in Huh7  

Transfection concerns the process of introducing foreign genetic material (DNA or RNA) into 

eukaryotic cells, thereby making them genetically modified. In transient transfection, the 

introduced materials only exist in the cells for a limited time period, and do not integrate into 

the cells’ genome. This enables studies of gene function and expression in live cells (Recillas-

Targa, 2006).  
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F5 specific commercial siRNAs of two different lengths (21mer and 27mer, respectively) were 

transiently transfected into the Huh7 cell lines by forward transfection, which refers to seeding 

out cells the day before transfection.  

 
The transfection reagent used was a siRNA-optimized, specially designed cationic lipid 

Lipofectamine®RNAiMAX reagent (Thermo Fisher). siRNAs are delivered to the cells by the 

help of the positively charged surface of the liposomal structure formed by the cationic lipids. 

The positively charged surface mediates interaction with the cell membrane, allowing fusion of 

the liposome/nucleic acid transfection complex with the cell membrane. When the complex is 

inside the cell, it diffuses through the cytoplasm and enters the nucleus for gene expression 

(Figure 10).  

 

  

 

 
Figure 10: A schematic diagram of the mechanism of cationic lipid-mediated transfection. 

 

The transfection was done to determine which siRNAs would produce the highest knockdown 

effect of F5 and which conditions of reagents to use in order to make a knockdown model to 

study further functional assays of the different cell lines. The various siRNAs used are shown 

in Table 2. 

 
Table 2: An overview of different FV-siRNAs used in this study, including two negative controls. Lengths, 
product name, sequence and stock concentrations are showed. The sequences for the negative controls are 
not shown because these are chosen at random and do not include any of the sequences found in humans.  

 

siRNA: Product Length Sequence 
Stock 

concentration 
#SR301500A 
OriGene 

F5 siRNA 
duplex 27mer AAAAUCACAUGAGAUAGACAGUCAT 20 μM 

#SR301500B 
OriGene 

F5 siRNA 
duplex 27mer CUUCCAUGAAUUCUAGUCCAAGAAG 20 μM 

#SR301500C 
OriGene 

F5 siRNA 
duplex 27mer GGCUGUGAUAUUUACUAGAAUUGAA 20 μM 

#SR30004 
OriGene 

Universal 
Scrambled 
Negative 
Control 

27mer No significant sequence similarity to human 
gene sequences 20 μM 

#s4936 
Ambion 

F5 siRNA 
duplex 21mer CUGAUGAGGUGAAACGUGA 20 μM 

#AM4642 
Ambion 

Silencer 
Negative 
control No.5 

21mer No significant sequence similarity to human 
gene sequences 50 μM 
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During the transfection of the different commercial F5 siRNAs, the ratios and amounts from 

previous experiments done by the N. Iversen research group were based on the manufacturer’s 

protocol and was also followed for this study, and scaled for 6, 12 and 96-well plate transfection 

experiments accordingly (Table 3).  

 
Table 3: Details of transfection reagents, cell number, amounts and ratios shown with scaling for 96-, 12- 
and 6-well experiments. The volumes and numbers are shown for one well on the different well-plates.  

 

3.1.2.2 6-Well plate experiment: Forward transfection in the Huh7 cell line 

From the knockdown model produced by trial experiments, three different 27mer F5 siRNAs 

(Table 2) were transiently transfected into the Huh7 cell line to achieve a knock down of F5. 

The siRNAs included a combination of the two F5 specific 27mer siRNA duplexes numbered 

#SR301500B and #SR301500C (called siRNA B and siRNA C) in addition to a Universal 

Scrambled Negative Control siRNA duplex, (#SR30004) and siRNA #SR301500A (called 

siRNA Ctrl. A) as a second control. 

The F5 siRNAs B and C in combination and the negative controls were transfected in parallels 

using forward transfection. In addition, parallels of non-transfected cells were included for 

observation. 3 x 105 Huh7 cells per well were seeded out in the 6-well plates and incubation 

overnight. The next day, the different F5 siRNA- and Lipofectamine® mixtures were prepared 

according to Table 3. Lipofectamine® and siRNAs were diluted separately in OptiMem prior 

to a 10-minute room temperature incubation. The mixtures were added to the cells, and the cells 

were harvested 24, 48 and 72 hours after transfection. 

 

 

 

 

 96-well plate 12-well plate 6-well plate 

Total cell number (Huh7/HepG2) 1.5 x 104 1.5 x 105 3 x 105/3.5 x 105 

DMEM 10% FBS 190 μl 960 μl 1750 μl 

Opti-MEM® medium 10 μl 50 μl 250 μl 

siRNA (1pmol) (4pmol) (25pmol) 

Lipofectamine®RNAiMAX 0,3 μl 3 μl 7,5 μl 

Total volume: 200 μl   1000 μl 2000 μl 
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3.1.2.3 12-Well plate experiment: Reverse transfection in the HepG2 cell line 

Reverse transient transfection was performed to investigate knockdown in the HepG2 cell line. 

This type of transfection refers to adding the cells freshly to pre-plated transfection complexes. 

This technique was preferable for the HepG2 cells, because it showed a higher knockdown 

efficiency than regular (forward) transfection. HepG2 cells were transfected with the F5 siRNA 

B and C, the siRNA negative control, and the siRNA A following conditions and volumes of 

reagents shown in Table 3 for a six well plate experiment. siRNA mixture was prepared as 

described in section 3.1.2.2, prior to adding 3.5 x 105 cells to each well on the plate. The plates 

were incubated for 48 and 72 hours before harvesting.  

 

3.1.3 Harvesting of cell-medium and lysate 

Cell media and cell lysates (RNA and protein lysates), were harvested from the cells transfected 

with the F5 siRNAs and controls. The cell medium from each well was carefully removed and 

transferred to tubes for analysis of protein expression and necrosis analysis. The cells were first 

washed (once for RNA lysate harvest and three times for protein lysate harvest) using cold 

DPBS, making sure to not detach the cells in the process. The cells were then lysed and scraped 

using 600 μl cold RNAqeous lysis buffer for the RNA lysates, and 300 μl RIPA solution with 

1X HaltTM Protease and Phosphatase inhibitor cocktail (1:100 RIPA buffer) for protein lysates. 

All lysates were collected in tubes and immediately placed on ice. Samples were stored at -

20°C for short time storage, and -80 °C for long time storage.  

 

3.1.4 Creation of stable cell lines with FV knockdown  
To create stable cell lines, Huh7 and HepG2 cells were transfected using the three cloned 

shRNAs #301500B and C, and shRNA scrambled negative control (See Section 3.7 and 

Appendix C, Table C3). Huh7 and HepG2 cells were transfected as described in Sections 

3.1.2.2 and 3.1.2.3, and following Table 4. 

Because the pSiRPG vector (described in Section 3.3) contains a puromycin resistant gene, 

cells with incorporated plasmids were selected by culturing cells in the presence of 0.5 μg/μl 

puromycin for 3 weeks. After selection, the selected cells will be frozen for later use. 
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Table 4: Details of transfection reagents, cell number, amounts and ratios shown with scaling for 12-well 
experiment, and the volumes and numbers are shown for one well. 
 

 

 

 

 

 

 

 

 

3.2 Nucleic acid methods 
 
3.2.1 Total RNA isolation 
Total RNA was isolated from cell lysates using the RNAqeousTM Phenol-free total RNA 

isolation Kit (Thermo Fisher Scientific), following the manufacturer’s protocol. In short, the 

cell lysate was diluted in 64% ethanol buffer and drawn through a spin column with a RNA 

binding filter, followed by three washing steps to remove contaminants, before the RNA was 

eluted. The isolated RNA samples were placed directly on ice before it was stored at -20 °C  

(-80°C for longer time periods).  

3.2.1.1 Measurement of RNA purity and concentration 

NanoDrop®ND-1000 was used to measure the concentration (in ng/μl) of the isolated total 

RNA and cloned shRNA plasmids following Maxi- or Miniprep. Quantity of the samples were 

measured at 260 nm for nucleic acids and a 260/280 purity ratio (protein) of 2.1 ± 0.2 was 

adequate.  

 

3.2.2 cDNA synthesis 
Complementary DNA (cDNA) was synthesized from the total RNA by reverse transcription 

using the High Capacity cDNA Reverse Transcription Kit® according to the protocol provided 

by the manufacturer. The RNA was diluted in nuclease-free water in a 96-well plate to ensure 

an equal input of RNA for each experiment (500 – 5000ng). The cDNA reaction was prepared 

as described in Table 5. The plate was sealed and centrifuged before it was run on the 2720 

Thermal Cycler using the program listed in Table 6. 

Reagents/cell number Volumes/amounts 
Total cell number (Huh7/HepG2) 3 x 105 / 3.5 x 105  

DMEM 10% FBS 1745 μl 

Opti-MEM® medium 250 μl 

shRNA plasmid 2.5 μg 

P3000 Reagent 5 μl 
Lipofectamine®3000 3.75 μl 
Total Volume: 2000 μl 
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Table 5: MultiscribeTM Reverse Transcriptase cDNA reaction mixture for one reaction. 

 
 
 
 
Table 6: The thermal cycler program optimized for the High Capacity cDNA Reverse Transcription Kit 

 Step 1 Step 2 Step 3 Step 4 

Temperature (°C) 25 37 85 4 

Time (minutes) 10 120 5 ∞ 

 
 

3.2.3 mRNA quantification using Real Time qRT-PCR  
In this thesis, real time quantitative reverse transcription PCR (RT-qPCR) was used to 

determine and compare the F5 mRNA expression in cells transfected with F5 siRNAs. qRT-

PCR detects the PCR amplification as it occurs, allowing determination of the starting 

concentration of nucleic acid. A qRT-PCR contains a Taqman® probe or, for example, SYBR® 

Green dye to monitor the accumulation of PCR product. Here, Taqman® based assays were 

used.  

The principle of the Taqman® detection system is based on a fluorescent nucleotide probe 

designed to anneal to the target cDNA between two synthetic primers. The probe contains a 

fluorescent reporter dye linked to the 5’ end of the probe and a non- fluorescent quencher (NFQ) 

at the 3’ end (Figure 11A). While the probe is still intact, the quencher absorbs the fluorescence 

emitted from the reporter, because of the close proximity. If the target sequence is present, the 

probe is cleaved by the 5’ nuclease activity of the taq DNA polymerase during primer extension. 

This will separate the reporter dye from the quencher, and thereby increase the fluorescent 

signal from the reporter dye. Additional reporter dye molecules are then cleaved from their 

respective probes with each cycle which leads to an increase in the fluorescence intensity, which 

is proportional to the amount of target gene expression.  

Reagent Volume Concentration 
10X RT Buffer 5.0 μl  
25X dNTP Mix 2.0 μl 100mM (25 mM of each) 
10XRT Random primers 5.0 μl  
MultiscribeTM Reverse transcriptase 2.5 μl  
Nuclease-free water 10.5 μl  
RNA 25 μl  
Total 50 μl  
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The exponential phase measurement used in real-Time PCR provides the most accurate 

quantification (Figure 11B). In the exponential phase, the real-time PCR instrument calculates: 

The threshold (which is the level of detection at which a reaction reaches a fluorescent intensity 

above background), and the CT value (the PCR cycle where the amplification curve reaches the 

threshold) (Figure 11B).  

 

     A:          B: 

 

Figure 11: (A) The principle of Taqman® Probe-based assay chemistry in real time qRT-PCR. (B) A qRT-
PCR amplification plot showing the baseline phase (a), exponential (log) phase (b) and the plateau phase (c). 
The green horizontal line indicates the threshold, and the black line indicating the Ct-value is indicated.  
 

The relative changes in gene expression was calculated using the comparative delta CT method 

for relative quantitation, which analyses changes in gene expression in a given sample relative 

to a reference sample. To use this method, the efficiencies of the target and the endogenous 

control must be <0.1 in slope (this has been previously tested). The CT values were used to 

calculate the relative quantity (RQ) to determine the mRNA expression levels of the transfected 

F5 siRNAs: 

 

1. ΔCT = CT (target) – CT(endogenous control) 
 

2. ΔΔCT = ΔCT(Test) - ΔCT(Control)  
 

(a) 

 (b)  

(c) 
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3. RQ = 2- ΔΔCT   
 

In this study, the target sequence was coagulation factor V (FV), while Phosphomannomutase 

1 (PMM1) was used as an endogenous control because it was unaffected by up- or 

downregulation of FV (this was previously tested). GAPDH (Glyceraldehyde 3-phosphate 

dehydrogenase) was tested against PMM1, and found to be best for use in doxorubicin 

experiments. The endogenous controls were used as references to correct for variations in 

cDNA template input or reverse transcriptase efficiency. The real time qRT-PCR reaction 

mixture was prepared (Table 7) with an equal amount of cDNA (in ng) within the same run. A 

non-template control (NTC) sample was added for each assay, containing water instead of 

cDNA. Samples were run in triplicates in a 384 well plate, with 10μl reaction volume in each 

well (Table 7) and analyzed using the QuantaStudio 12k Flex Instrument with the parameters 

listed in Table 8.   

 
Table 7: Taqman reaction mix used for one real-time qRT-PCR reaction (one well on the 384-well plate).   
 
 
 
 
 
 
 
 
 
Table 8: Cycling Parameters in RT-qPCR 

 Step 1 Step 2 Step 3 (x 40) 
Cycle   1 2 

Temperature (°C) 50 95 95 60 

Time (minutes) 2’ 10’ 15’’ 1’ 
 

 

3.3 Cloning of F5 shRNA in the pSiRPG vector 
 
In order to study the FV knockdown effect in the liver cancer cell lines over a longer range of 

time than what is possible for transient transfection, a cloning of F5 shRNAs in the pSiRPG 

vector was done prior to transfection and selection for stable cell lines (Figure 12).  

Three plasmids were made containing inserted shRNA for siRNA #301500B (called shRNA B 

from now on) and #SR301500C (called shRNA C), and a Negative Control (scrambled version 

Reagents Volume 

Taqman® Gene expression master mix (2X) 5 μl 

Assay (20X) 0.5 μl 

cDNA 4.5 μl 

Total volume: 10 μl 
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of siRNA B) (see Table C3, Appendix C). The shRNAs were constructed towards the SQLE 

gene (from Dharmacon) because they are complementary to different parts of the SQLE-

transcript. The shRNAs include BstXI and BglII overhangs in the 5’ and 3’ end which are 

complementary to the restriction sites in the pSiRPG vector (Figure 12). This allows them to 

be cloned in the vector. In addition, they consist of the target mRNA sequence, a hairpin loop 

and the sequence binding to the transcript. 

 

 

 

 

 
 

 

 

 

 

 

 
Figure 12: Schematic map of the pSiRPG vector. The FV shRNAs are cloned downstream of the H1 
promoter, using the BglII/BstXI restriction sites (marked by blue lines), removing the stuffer sequence in the 
cloning process. All promoter sequences are shown in light gray. The purmycin resistance gene (PuroR) and 
the EGFP marker is shown in black. The size of the vector is 8438kb (Modified from Størvold et al. 2007).  
 
 

3.3.1 Restriction enzyme digestion and ligation of plasmid 
The three FV shRNAs were cloned into the pSiRPG vector using the restriction sites BglII and 

BstXI. The vector was digested with restriction enzymes BglII and BstXI and the siRNA 

oligonucleotides were annealed and ligated into the vector fragment. The digestion was done 

using the two enzymes in addition to the 10X Fast Digest Buffer and the reaction was incubated 

at 37°C for 30 minutes for complete digestion (Table 9). This was followed by an inactivation 

by heating the reaction to 80°C for 5 minutes, before an agarose gel was run. Annealing was 

done following Table 10, adding sense, and anti-sense from the F5 siRNA oligos to the mixture 

before a 10-minute incubation at 96°C. 
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Table 9: Reagents and volumes used in the restriction enzyme digestion 
Reagent: Volume : 
Nuclease-free water x μl  

10X Fast Digest Buffer (Green) 4 μl 

BglII enzyme 2 μl 

BstXI enzyme 2 μl 

pSiRPG vector x μl (1μg) 

 

 

Table 10: Reagents and volumes used in one annealing of F5 siRNA oligos  
Reagent: Volume : 
siRNA Oligo: sense 1 μl  
siRNA Oligo: antisense  1 μl 
5XT4 Buffer 4 μl 
Nuclease-free water 14 μl 

 

3.3.2 Agarose gel electrophoresis 
An agarose gel electrophoresis separates negatively charged macromolecules by size using an 

electric field. Separation occurs since smaller molecules move faster through the gel pores than 

larger molecules. The fragments can be visualized because the gel contains GelRed, which 

when bound to DNA and exposed to ultraviolet light, emits light. The agarose gel 

electrophoresis was performed to verify the cutting (digestion) of the pSiRPG vector. 

Samples were loaded directly to the gel and electrophoresed for 1 hour with 80 Volts in a 1% 

agarose gel. The gel was photographed using the Omega Lum G imaging system, and the 

fragments were compared with a Generuler DNA Ladder Mix to estimate sizes. The samples 

were then purified with Wizard® SV Gel and PCR Clean-Up prior to ligation with shRNAs 

following table 11.  

 
Table 11: Reagents and amounts used in the ligation reaction 

Reagent: Volume : 
Oligo-mix (annealed shRNAs) 1 μl  

Cut and cleaned pSiRPG vector x μl (100 ng)  

5XT4 Buffer 2 μl 

T4 Enzyme 2 μl 
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3.3.3 Transformation of competent Escherichia coli (E.coli) cells 
OneShot® TOP10 Chemically competent E.coli cells were transformed with FV shRNA B, C 

and the shRNA negative control in order to produce enough plasmid for making stable cell lines 

with FV knockdown.  

The chemically competent E.coli cells were transformed according to Invitrogen OneShot® 

TOP10 Chemical Transformation Protocol. In brief, 1μg of each plasmid was added to 

competent E.coli cells, and the cells were heat-shocked at 42°C for uptake of plasmids into the 

cells. The cell solution was incubated for 1 hour in SOC-medium before it was spread on LB 

agar plates (Appendix D) containing 100μg/mL ampicillin, to select for transformed colonies.  

 

3.3.4 Isolation and purification of plasmid DNA from E.coli cultures 
Amplification of the plasmids was achieved by picking single colonies of transformed cells for 

each plasmid and culturing in Lurian Broth (LB) - medium containing 100μg/mL ampicillin, 

before incubation overnight at 37°C and 200rpm.  

Isolation and purification of plasmid DNA from the bacterial culture was performed using the 

ZuppyTM Plasmid Miniprep Kit for rapid purification of small samples, while ZymoPURETM 

Plasmid Maxiprep kit from Zymo research was used for larger samples following the 

manufacturer’s protocol. The principles for the two kits are somewhat the same. However, 

incubation times for culturing transformed cells using the Miniprep plasmid Kit is 16-24 hours 

in approximately 4mL selective LB medium containing 100μg/mL ampicillin. For the 

Maxiprep Kit, a pre-incubation of 8 hours in 4mL selective LB medium containing 100μg/mL 

ampicillin is required before the culture was added in 150mL of the same medium and then 

incubated for another 16-24 hours.  

 

3.3.5 DNA Sequencing  
Sanger sequencing of the shRNA B, C and the negative control plasmids was performed to 

confirm the correct sequences. In Sanger sequencing, DNA polymerase will incorporate 

nucleotides but the nucleotide mix also contains nucleotides lacking the 3’ hydroxyl group 

(ddNTP), and adding one of these ddNTPs will terminate the extension randomly. This results 

in many fragments with different lengths which are separated by size in capillary columns. The 

nucleotide analogues are labelled with different fluorescent dyes which make it possible to 

determine the sequence.  
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Table 12 presents the reagents used in one sequencing reaction. For each sample one reaction 

with shRNA forward primer, and one reaction with shRNA reverse primer were run. The 

products from the reactions were sequenced in the ABI3730 sequencing Analyser. For 

alignment with the siRNA B, siRNA C and the scrambled siRNA negative control sequences 

in Sequence Scanner Software 2.0 and BLASTn was used.  

 
Table 12: Reagents and volumes used in one sequencing reaction 

Reagent: Volume : 
Nucleae-free water x μl  

Plasmid  150 ng 

5X Sequencing buffer 2 μl 

Primer (forward or reverse) 1 μl 

Big Dye® Terminator v3.1 Ready Reaction Mix 0.25 μl  
 
 

 

3.4 Protein techniques 
 
3.4.1 Total protein assay 
Total protein quantification was performed on the cell lysates from the transfected cell lines to 

determine total protein concentration in the lysates. The quantification was done using the 

PIERCE® BCA Protein Assay Kit. The assay depends on a biuret reaction involving production 

of a light blue to violet coloured chelate complex with cupric ions in an alkaline environment 

of peptides containing three or more amino acids (proteins, tripeptides and larger polypeptides). 

The assay also includes colour development reaction where bicinchoninic acid (BCA) reacts 

with the reduced (cuprous) cation formed in step one and forms an intense purple-coloured 

reaction product.  

In short, a standard dilution series containing five concentrations of Albumin was prepared. The 

protein lysates were centrifuged at 3500 rpm for 10 minutes to eliminate cell debris. 5 μl of all 

standards, and samples including one blank were added to a 96-well plate in triplicates before 

adding 200 μl BCA working reagent (reagent A+B in 1:50 ratio) to the plate as well. The plate 

was incubated at 37 °C for 30 minutes before absorbance was measured at 570nm using the 

VersaMax microplate reader. The protein concentrations in the samples were calculated using 

the SoftMax Pro 6.4 software with a quadratic fit standard curve (See appendix B).  
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3.4.2. Factor V Enzyme-Linked Immunosorbent Assay (FV ELISA) 
Enzyme-Linked Immunosorbent Assay (ELISA) is a common immunoassay used to quantify 

and detect specific proteins in a sample. The sandwich-ELISA method is a type of capture assay 

that binds the antigen to be measured between two layers of antibodies, the capture antibody 

and the detection antibody (Figure 13). In this thesis, the ELISA ZYMUTEST FV was used 

and the detection antibody is coupled to horse-radish-peroxidase (HRP) and colour develops 

when the peroxidase substrate tetramethylbenzidine (TMB) is introduced.  

The ELISA ZYMUTEST FV to detect the FV protein levels in the culture media of FV 

knocked down cells. The ELISA test was performed following the manufacturer’s protocol 

closely. The microplates used, had wells pre-coated with monoclonal antibody for FV in 

which samples were added directly. In addition, standard solutions with concentrations 

ranging from 0 to 200 ng/mL and a high and low FV control, was included. Added samples, 

standards and controls were incubated for two hours at 37°C before the polyclonal secondary 

antibody (HRP) was added. Then followed a second incubation prior to the colour 

development step by adding the TMB and hydrogen peroxide. The colour gradually appeared, 

and the amount of colour developed, correlates to the amount of protein present in each 

sample. The development is stopped by adding sulfuric acid after 10 minutes. Absorbance 

was measured at 450nm with a 690nm reference wavelength using the VersaMaxTM 

microplate reader. The standards with known concentrations created a standard curve in the 

SoftMax Pro6.4 software from which concentrations of our samples were determined from 

(see appendix B).  

 

   A:              B:        C:               D:  

 
Figure 13: Diagram of sandwich ELISA assay illustrating the main steps of the methods. A) The 
antibody is attached to the well. B) Analyte (or antigen) to be measured is added and binds to the antibody. 
C) The detection antibody is added and binds to the specific protein investigated. D) Substrate is added, and 
the colour changes in accordance to protein concentration.  
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3.4.3. Western blot analysis 
Western Blot is a semi quantitative immunoassay method for identifying proteins where an 

antibody is used to specifically detect its antigen. The specificity of the antibody-antigen 

interaction identifies the target protein in a complex protein mixture.  

The western blot was performed by loading 10μg protein lysates with Precision ProteinTM Dual 

Color Standard onto 10% precast Mini-PROTEAN® TGXTM gels (BioRad Laboratories, Inc.). 

The samples and standards were blotted onto 0.2μM Nitrocellulose Membranes (Bio-Rad 

Laboratories, Inc.) and blocked with 5% BSA for one hour to prevent non-specific binding of 

proteins to unbound membrane sites. After washing the membranes with Tris-buffered saline 

with Tween 20 (TBST) (see appendix D), they were incubated overnight at 4°C with a target 

specific primary antibody that will bind to the specific protein of interest. The membranes were 

then washed a second time, and incubated with a species-specific secondary antibody at room 

temperature for one hour, which binds to the primary antibody.  

In this thesis, western blots were performed to detect the presence of activated JNK by 

Anisomycin under FV knockdown in Huh7 cells. A rabbit polyclonal Phospho-JNK primary 

antibody was applied in a 1:1000 dilution, before adding the secondary rabbit antibody labelled 

with horseradish peroxidase (HRP). In addition, western was performed to detect FV protein in 

Huh7 and HepG2, the Mouse Anti-Human FV (added in a 5ug/ml concentration) was added as 

the primary antibody, before adding the secondary rabbit antibody. 

The blots were developed using the AmershamTM ECLTM Prime Western Blotting Detection 

Reagent kit (GE Healthcare UK). Exposure of the blots was performed on the ImageQuantTM 

LAS 4000, with ImageQuantTM TL 1D v8.1.  

 

 

3.5 Functional assays 
 
3.5.1 Measuring cell proliferation  
The effect of FV knockdown on cell proliferation (cell growth) in Huh7 and HepG2 cell lines 

were studied using the Cell Proliferation reagent Wst-1. Wst-1 is a tetrazolium salt that is 

cleaved to form formazan dye. The amount of dye produced after adding Wst-1 to the cell will 

directly correlate to the number of metabolically active cells in the samples/wells.  
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The assay was performed by adding 20 μl Wst-1 reagent to cell containing wells in a 96-well 

plate 1, 24, 48 and 72 hours after reverse transfection with the 27mer F5 siRNAs and negative 

controls (Table 2) as described in 3.1.2.5. The plates were incubated for 30 minutes at 37°C 

and 5% CO2 before absorbance was measured at 450nm with 750nm as reference, using the 

VersaMax microplate reader and the SoftMax Pro 6.4 software.  

 

3.5.2 Measuring apoptosis  
To study the effect of FV knockdown on apoptosis in Huh7 and HepG2 cell lines, the Cell 

Death Detection ELISAPLUS® Kit was used. This cell death assay is based on a quantitative 

sandwich-enzyme-immunoassay-principle using two monoclonal antibodies directed against 

DNA and histone. This allows the specific determination of mono- and oligonucleosomes in 

the cytoplasmatic fraction of cell lysates. The sample is placed in a streptavidin-coated MP, 

before Anti-histone-biotin and Anti-DNA-POD are added and the ELISA-plate is incubated. 

During the incubation, the Anti-histone antibody binds to the histone component of the 

nucleosomes and simultaneously captures the immunocomplex to the streptavidicin-coated MP 

via its biotinylation. Unbound components are then removed in a washing step, and finally, 

quantitative determination of the amount of nucleosomes by the POD retained in the 

immunecomplex is done. The POD is determined photometrically with ABTS Substrate (Figure 

14).  

 

 

  

 

 

 

 

 
Figure 14: Schematic figure showing the principle of the Cell Death Detection ELISAPLUS. 

 

In this study, the effect on apoptosis and necrosis with FV knockdown was studied in the protein 

lysates (apoptosis) and medium (necrosis) harvested 48 and 72 hours after transfection (see 

Sections 3.1.2.4 and 3.1.3). The assay was performed by following the manufacturer’s protocol 

closely. In short, 20 μl sample (diluted 1:10) was added to each well on a 96-well plate, before 

adding 80μl Immunoreagent. The plate was then incubated on an MP shaker at room 
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temperature for 2 hours prior to three rinsing steps, and 100 μl of ABTS solution was added to 

the wells. The plate was then incubated for 10 minutes before the absorbance was measured 

using the VersaMaxTM microplate reader and SoftMax Pro 6.4 software, at 405 nm (with 490nm 

reference).  

 

3.5.3 Measuring cell migration by scratch wound assay 
The migration of F5 knocked down cells was studied in Huh7 cells by using the Ibidi® Culture-

insert 2-Well μ-Dishes (Figure 15). The cells were reverse transfected in 96-well plates as 

described in section 3.2.1.5, using three parallels of the F5 siRNA B and C combination, and 

the siRNA negative control. 

1.8 x 104 cells were seeded out in 70 μl of cell media in each well of the insert. 24 hours after 

transfection, the inserts were removed producing a wound between the cells. 1 mL fresh DMEM 

10% FBS medium was then added before the Nikon Eclipse Ts2-FL microscope was used to 

take images of the closing wound at different time points until the wound was completely closed 

(48 hours after removing insert, i.e. 72 hours after transfection).  

 
 

 
 
 
 
 

Figure 15: Image showing the Ibidi® Culture-Insert Well for studying cell migration. 
 

3.5.4 Measuring cell signalling under FV knockdown by CignalTM reporter 

assay 
CignalTM Reporter Assays were used to study the cancer related signaling pathways in order to 

identify the pathways most affected by FV knockdown. The CignalTM Reporter assays include 

a 10 Pathway Reporter Array and Single Reporter Assay Kits that were used in this study.  
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All Reporter assays are based on dual-luciferase 

technology, where each reporter consists of a mixture of a 

pathway-focused transcription factor-responsive firefly 

luciferase construct and a constitutively expressing Renilla 

luciferase construct (20:1) (Figure 16). In addition, a 

positive control (a constitutively expressing GFP construct, 

a firefly luciferase construct and Renilla luciferase 

construct) and a negative control (non-inducible firefly 

luciferase reporter and a Renilla construct) are included.  

The dual-luciferase results are calculated for each 

transfectant and the change in activity of each signaling 

pathway is determined by comparing the normalized 

luciferase activities of the reporter in treated versus 

untreated transfectants.  

3.5.4.1 Cancer 10-pathway reporter array:  

The CignalTM 10-Pathway Reporter Array, Cancer plate contains 10 different pathways related 

to cancer progression (Table 13). This array was used as a screening to identify signaling 

pathways activities affected by FV knockdown in liver cancer cell lines. 

The Cancer 10-pathway Reporter Luciferase Kit was used according to the manufacturers 

protocol. In short, reverse transfection of the F5 siRNA combination B & C in addition to the 

siRNA negative control was used with 96-well specifications (Table 3). The plate was 

incubated for 48 hours before the medium was removed and the cells were washed with DPBS 

and lysed using 20 μl 1xPLB (passive lysis buffer from the Dual-Luciferase® Reporter kit). 

The plate was then placed on an MP shaker at room temperature for 15 minutes before storage 

at -80°C until analysis could be done.  

 

 

 

 

 

 

Figure 16: Diagram illustration the 
function of the CignalTM Reporter 
Assay system  
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Table 13: The 10 pathways and their respective transfection factors included in the Cancer 10-pathway 
Reporter Luciferase Kit. These are all dried down in each column of the 96-well cell culture plate (there 
are 8 wells per assay/pathway). Red marked pathways and transcription factors illustrate pathways used for 
the single reporter assay (described in section 3.4.4.2).  

Pathway Transcription Factor 

Wnt TCF/LEF 

Notch RBP-Jk 

p53/DNA Damage p53 

TGF β SMAD2/3/4 

Cell cycle/pRb-E2F E2F/DP1 

NFkB NFkB 

Myc/Max Myc/Max 

Hypoxia HIF1A 

MAPK/ERK Elk-1/SRF 

MAPK/JNK AP-1 

Negative Control N/A 

Positive Control N/A 

 

3.5.4.2 AP-1 reporter assay (single reporter assay) 

The Wnt and JNK pathways were identified as the most affected pathways from the 10-pathway 

reporter array (Table 13). Thus, the JNK pathway was studied in order to confirm the resulting 

effects in transcriptional activity under FV knockdown. 

The AP-1 Reporter Assay was used according to the manufacturer’s protocol. Reverse 

transfection in 96-well plates were done in the Huh7 cell line (as described in section 3.1.2.3) 

using the F5 siRNA B and C in combination, and the negative control siRNA (Table 2) 

following the conditions stated in Table 3. In addition, signal reporter plasmid for the AP-1 

transcription factor was included (Table 13). The plates were then incubated overnight prior to 

changing medium and addition of the JNK inhibitor. The samples were harvested 48 hours after 

transfection as described above (Section 3.5.4.1).   

3.5.4.3 Analysis by Dual-Luciferase® Reporter (DLRMT) assay system 

The plates (lysates) were analysed using the Dual-Luciferase® Reporter (DLRTM) Assay System 

and the SynergyTM H1 microplate reader. The activities of firefly and Renilla luciferases were 

measured sequentially from a single sample. Firefly luciferase reporter was measured first by 

adding Luciferace Assay Reagent II (LAR II) to generate a luminescent signal lasting at least 
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one minute. Then, the reaction was quenched, and the Renilla luciferase reaction is initiated 

simultaneously by adding Stop & Glo® Reagent to the same sample.  

 

3.5.5 Measuring the effect of AP-1 (JNK) pathway activation on apoptosis 

under FV knockdown in Huh7 cell lines 

3.5.5.1 Verification of JNK activator Anisomcyin in Huh7 cells 
To investigate the effect of the JNK activator on apoptosis, a verification showing at what 

dosages and time-points the activator was most effective was done. Huh7 cells were seeded out 

in 12-well plates, and treated with Anisomycin for either 24, 2 or 30 minutes prior to harvesting. 

Concentrations of Anisomycin used were 0, 1, 2.5 and 5 μM for all time-points. For 30 minutes 

treatment, cells were also treated with serum-deprived or non-serum deprived medium for the 

mentioned concentrations. Cells were harvested 24, 2 and 30 minutes after treatment and 

Western Blot Analysis was done to verify the effect (See Section 3.3.3).  

3.5.5.2 Measuring the effect of Anisomycin on apoptosis in Huh7 cells under FV 

knockdown 

After verifying the activator, the effect of Anisomycin on apoptosis with FV knockdown in 

Huh7 cells was investigated. This was done by transfecting the Huh7 cells in 12-well plates 

with siRNA B and C in combination, in addition to the negative control, according to conditions 

explained in Section 3.1.2.2 and following Table 3. The cells were treated with 0, 1, 2.5 and 5 

μM Anisomycin for 48 and 24 hours prior to harvesting. Cells were harvested for protein 

lysates, 72 hours after transfection (See Section 3.1.3), and apoptosis was measured as 

described in Section 3.4.2. 

 

 

3.6 Cytostatic treatment of liver cancer cell lines 
 
3.6.1 Liver cancer cells exposed to increased concentrations of doxorubicin 

(dose-response doxorubicin treatment) 
To study the FV expression in response to different concentrations of doxorubicin in Huh7 and 

HepG2 cell lines, a study was done by exposing the cells to increased concentrations of 

doxorubicin.  
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Cells were seeded out in 12-well plates with 1.5 x 105 cells per well before incubation over 

night at 37 °C and 5% CO2. The next day, the medium was extracted, and cells were treated 

with 0 – 50μM concentrations of doxorubicin for incubation for 24, 48 and 72 hours. The cells 

were harvested for total RNA isolation (as described in Section 3.1.3). Further, the RNA lysates 

were used for cDNA synthesis and qRT-PCR for analysis of F5 mRNA expression.   

 

3.6.2 Cell viability in response to increased concentrations of doxorubicin 
The cell viability of the HepG2 and Huh7 cell lines in response to increased concentrations of 

doxorubicin was also investigated. The cells were seeded out in 96-well plates, with 1 x 104 

cells in each well. Doxorubicin was added to the wells the next day with increased 

concentrations of doxorubicin; 0 - 100 μM. After 24, 48 and 72 hours of doxorubicin treatment, 

20μl Wst-1 reagent (explained in section 3.4.1) was added to each well, and the absorbance was 

measured at 450nm and at 750nm as reference, using the VersaMaxTM microplate reader and 

SoftMax Pro 6.4 software. Eight parallels were measured for every transfected siRNA (and for 

the non-transfected cells) on the plate. In addition, one parallel containing only medium for 

each doxorubicin concentration was measured to correct for background absorbance.  

 

 

3.7 Statistical analysis 
 
For statistical analysis in this thesis, the un-paired t-test and ANOVA analysis was used to 

compare samples in two or multiple groups, respectively. The datasets were assumed normally 

distributed, independent of each other and with equal variance. A probability value of P≤ 0.05 

was considered significant, this is indicated by a “*” in figures showing significant differences. 

Significance between siRNA B and C in combination and the siRNA negative control in cell 

growth, cell death and cell migration experiments were calculated by t-test Significance in all 

transfected and non-transfected cells in cell proliferation assays were calculated by ANOVA, 

and by following Tukey post hoc tests if the ANOVA assays were seen to be significant.  
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4. RESULTS 
 

4.1 Downregulation of FV in liver cancer cells 
 
4.1.1 Screening of siRNA oligonucleotides for F5 downregulation in Huh7 

cells 
To study the functional effects of FV in liver cancer, a knockdown model was created. In order 

to achieve the most efficient knockdown in the Huh7 cell line for use in further functional 

studies, a screening of six commercial F5 siRNAs of two different lengths; two 21mer and four 

27mer F5 siRNAs, including a negative control siRNAs was conducted. The screening was 

done by transient transfection in the Huh7 cell lines. The FV knockdown effect was analysed 

at mRNA level by qRT-PCR (Figure 18). 

Among the tested siRNAs, the 27mer siRNAs 301500B and 301500C (called siRNA B and C 

from now on) showed the highest knockdown efficiencies with 71% and 79% knockdown of 

FV, respectively, compared to the negative control siRNA SR30004 (Figure 17). The 21mer 

F5 siRNA s4936 was less efficient with a knockdown efficiency of 61%, when compared to its 

negative control. The 27mer siRNA 301500A (called siRNA control A) showed no FV 

knockdown when compared to the negative control. The siRNA sequence was checked using 

BLAST software and had no similarity to the F5 gene, which was also later confirmed by the 

manufacturer. This siRNA was thus further used as an additional negative control. 

A:       B:  

Figure 17: Relative F5 mRNA expression levels in Huh7 cells transfected with siRNAs against F5. 
Huh7 cells were transfected with the indicated F5 siRNAs and harvested 24 hours after transfection. F5 
mRNA expression was measured using qRT-PCR and normalised against PMM1 as endogenous control. The 
results are expressed as RQ values compared to the siRNA controls. Mean values (n=3) and +SD of one 
experiment are presented.  
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4.1.2 Optimization of F5 downregulation in Huh7 cells 
Based on the screening of F5 siRNAs in Section 4.1.1, we decided to use only the two most 

efficient F5 siRNAs for further studies. The 27mer siRNA B and C were used to further 

optimize the FV knockdown. siRNAs B and C  were also transfected in combination to 

investigate if this would yield a higher knockdown efficacy than the two siRNAs transfected 

separately. 

The cells transfected with both F5 siRNAs in combination showed a FV knockdown efficiency 

of 88% when compared to the negative control. The two siRNAs transfected separately resulted 

in a 67% and 69% FV knockdown for siRNA B and C, respectively (Figure 18). 

 

 

 
 
 
 
 
 
 
Figure 18: Relative F5 mRNA expression levels in Huh7 cells transfected with siRNA B and C.  The 
cells were harvested 24 hours after transfection and mRNA expression was measured using qRT-PCR, 
normalised against PMM1 as endogenous control. The results are expressed as relative RQ values compared 
to the siRNA negative control. Mean values (n=6) and +SD for two experiments are shown.   
 

4.1.3 Time-dependent FV downregulation in Huh7 and HepG2 cells 

4.1.3.1 F5 mRNA expression in Huh7  

After having established that the combination of F5 siRNA B and C yielded the most efficient 

knockdown of FV in the Huh7 cells, a time-dependent transfection experiment was performed 

to find the most efficient time points. The F5 expression was measured 24, 48 and 72 hours 

after transfection at the mRNA and the protein level (Figure 19 & 20).  

The most efficient FV knockdown was obtained 48 hours after transfection with an effect of 

87% at the mRNA level when compared to the negative control for this time-point (Figure 19). 

The effect was still effective 72 hours after transfection with an 80% knockdown when 

compared to the negative control siRNA. 
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Figure 19: Time-dependent F5 mRNA expression levels in Huh7 cells transfected with siRNA B and 
C. The cells were harvested 24, 48 and 72 hours after transfection and mRNA were measured using qRT-
PCR. They were normalised against PMM1 as endogenous control. Results are expressed as RQ values 
compared to the negative controls for each time-point. Mean values (n=9) and +SD for three independent 
experiments are shown.  
 

4.1.3.2 F5 protein expression levels in Huh7  

FV ELISA was used to confirm the knockdown of FV at the protein level in cell media of the 

FV knockdown cells. No protein could be detected at any time point for cells transfected with 

F5 siRNA B and C, confirming the knockdown at the protein level. In contrast, FV protein 

levels in cells transfected with the negative control siRNA and siRNA control A increased 4-

fold from 48 to 72 hours after transfection (Figure 20), and showed similar increase in FV 

protein level as non-transfected cells (results not shown). FV antigen in cell lysates showed no  

difference between cells with FV knockdown and control cells for 48 or 72 hours after 

transfection (results not shown).  
 
 
 
 
 
 
 
 
 
 
 
Figure 20: FV protein levels in medium from Huh7 cells transfected with F5 siRNA B and C. siRNA 
negative control, and siRNA A as a second control was also included in the transfection. Cells were harvested 
24, 48 and 72 hours after transfection. FV protein levels were measured by ELISA and corrected for total 
protein lysate. Mean values (n=9) and + SD from three independent experiments are shown.  

4.1.3.3 F5 mRNA expression levels in HepG2 

The knockdown efficiency in the HepG2 cell lines was conducted using the same F5 siRNAs 
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was performed in HepG2 at 48 and 72 hours after transfection to measure FV knockdown 

efficiency at both the mRNA and the protein level (Figure 21 & 22). 

The results showed an effective FV knockdown for 48 and 72 hours after transfection; 77% and 

76% when compared to the negative control siRNA (red bars) for the respective time point 

(Figure 21). Cells transfected with siRNA control A showed similar F5 expression to cells 

transfected with negative control siRNA.  

 

 

 

 

 

 

 

 
Figure 21: Time-dependent F5 mRNA expression levels in HepG2 cells transfected with siRNA B and 
C. Cells were harvested 48 and 72 hours after transfection. mRNA was measured using qRT-PCR and 
normalised against PMM1 as endogenous control. Results are expressed as RQ values compared to the 
negative controls for each time-point. Mean values (n=9) and +SD for three independent experiments are 
shown.  

4.1.3.4 FV protein expression levels in HepG2 

As for Huh7, FV ELISA was used to check FV knockdown at the protein level in HepG2 cells 

(Figure 22). FV protein was non-detectable in the media of cells transfected with siRNA B and 

C in combination 48 hours after transfection, and barely detectable after 72 hours when 

compared to the negative controls. In contrast, FV protein levels in cells transfected with the 

negative control siRNA and siRNA control A showed an increase of 76% and 48%, from 48 to 

72 hours after transfection, respectively. FV antigen in cell lysates showed no difference 

between cells with FV knockdown and the negative control siRNA for either 48 or 72 hours 

after transfection (results not shown). 
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Figure 22: FV protein levels in medium from HepG2 cells transfected with F5 siRNA B and C. In 
addition, HepG2 cells were transfected with siRNA negative control, and siRNA Ctrl. A as a second control. 
Cells were harvested 48 and 72 hours after transfection. FV protein levels were measured by ELISA and 
corrected for total protein lysate. Mean values (n=9) and + SD from three independent experiments are 
shown.  
 
 

4.1.4 Stable FV knockdown cell lines  

4.1.4.1 Preparation of the pSiRPG/FV shRNA vector 

To be able to ligate the pSiRPG vector with the FV shRNAs, linearization of the vector had to 

be done. The vector was digested with BglII and BstXI to generate compatible ends for the 

ligation. Figure 23 confirms the successful digestion of the vector by agarose gel 

electrophoresis, and it was thereby isolated from the gel and purified for further used (Figure 

23, red circle). The shortest fragment observed in the figure is the vector fragment between the 

restriction sites, indicating both digestion enzymes had worked (Figure 23, red line).  

 

 

 

 

 

 
Figure 23: Agarose gel electrophoresis of pSiRPG/FV shRNA before and after enzyme digestion. 
Vector digested with BglII and BstXI (marked with a red circle) was extracted from the gel and purified. 
Generuler DNA Ladder Mix was used for comparing sizes of the fragments.   
 

4.1.4.2 Sequencing and transfection of the pSiRPG/FV shRNA plasmids 

To confirm the cloning of the FV shRNAs in the pSiRPG vector, the shRNA B, C and the 

control plasmid from several bacterial colonies were sequenced and aligned against the 

reference pSiRPG sequence.  
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As figures 24 and 25 present, the shRNA B and negative control plasmids were successfully 

introduced into the pSiRPG vector during the cloning procedure, shRNA C was also found to 

be successfully cloned this way (results not shown). In addition, successful transfection was 

confirmed by observing green fluorescence protein (GFP) in the transfected Huh7 and HepG2 

cells (results not shown).  
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 24: Illustrating cloned shRNA B in the pSiRPG vector from sequencing. (A): illustrating the 
shRNA B insert in the pSiRPG vector by Sequence Scanner Software 2. (B) Blast sequence alignment of the 
query sequence obtained from the sequencing and the subject shRNA B sequence, with a 100% identity 
between them.  

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
Figure 25: Illustrating cloned shRNA negative control in the pSiRPG vector from sequencing. (A): 
illustrating the shRNA negative control insert in the pSiRPG vector by Sequence Scanner Software 2. (B) 
Blast sequence alignment of the query sequence obtained from the sequencing and the subject shRNA 
negative control sequence, with a 100% identity between them. 
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4.2 Functional effects of FV knockdown in liver cancer cell lines  
 
4.2.1 Effect on cell proliferation  
To investigate possible functional roles and effects of FV knockdown in the liver cancer cell 

lines, cell proliferation in the Huh7 and HepG2 cell lines were studied using the Wst-1 cell 

proliferation reagent. The cells were reverse transfected with siRNAs B and C alone and in 

combination, in addition to siRNA negative control and siRNA control A. Parallels of untreated 

cells were also included for comparison.  

4.2.1.1 Cell proliferation in Huh7 

It was observable that all siRNA treatments (included non-transfected cells) in the Huh7 cell 

line, showed a gradual increase in growth over the measured time points (Figure 26). However, 

there was no significant differences between the siRNA treatments in the cells established by a 

one-way ANOVA test, with a following Tukey’s multiple comparisons test. 

 

Figure 26: Cell proliferation in the Huh7 cell line with FV knockdown measured by Wst-1. The cells 
were reverse transfected with indicated siRNAs. Cell proliferation was measured by absorbance at 1 to 72 
hours after the reverse transfection. Mean values (n=24) and +SD are presented for three independent 
experiments.  
 
The FV knockdown effect was confirmed by reverse transfection (as described in Section 

3.1.2.3), showing a 58-72% effective FV knockdown for each F5 siRNA when compared to the 

negative control siRNA (Figure 27).  
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Figure 27: F5 mRNA expression levels in reverse transfected Huh7 cells. Cells were transfected with 
indicated siRNAs and harvested 24 hours after transfection. mRNA expression levels were measured using 
qRT-PCR and normalised against PMM1 as endogenous control. Results are expressed as RQ values 
compared to the negative control. Mean values (n=6) and +SD are shown for two independent experiments. 

4.2.1.2 Total protein quantification in Huh7 under FV knockdown  

Total protein was measured in protein lysates from cells transfected with siRNA B and C in 

combination, in addition to siRNA negative control and siRNA A (Figure 28). No increase in 

total protein was observed for cells transfected with the siRNA B and C in combination. Cells 

transfected with siRNA negative control and control A showed a slight increase of 4.5% and 

2.7% in total protein from 48 to 72 hours, respectively.  

 

 
 
 
 
 
 
 
 
 
 
Figure 28: Total protein (in mg) in Huh7 cells transfected with indicated F5 siRNAs. Cells were 
harvested 48 and 72 hours after transfection, before total protein quantification was done in protein lysates. 
Mean values in mg (n=9) and +SD are shown for three independent experiments.  

4.2.1.3 Cell proliferation in HepG2 

In the HepG2 cell line, all cells (transfected and non-transfected) were seen to have an increase 

in growth from 1 to 72 hours after transfection (Figure 29 A). Cells transfected with siRNA B 

and C in combination showed the highest significant cell proliferation (cell viability) after 72 

hours when compared to the other transfected and non-transfected cells (P < 0.00001) 

established by a one-way ANOVA test, with a following Tukey’s multiple comparisons test 

(Figure 29 A & B). 
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Figure 29: Cell proliferation  in the HepG2 cell line with FV knockdown measured by Wst-1. The cells 
were reverse transfected with indicated siRNAs. (A) Cell proliferation was measured by absorbance at 1 to 
72 hours after the reverse transfection. Mean values (n=24) and +SD is presented for three independent 
experiments. The significant (P ≤ 0.05) difference between siRNA B+C and the negative controls are marked 
with *. (B) Cell viability 72 hours after reverse transfection in HepG2 cells. Mean values (n=24) are related 
to the negative control siRNA, and +SD values are shown for three independent experiments.  
 

A verification of the FV knockdown effect in the cell proliferation experiment was done in  

HepG2 cells, as described for Huh7 cells, and displayed a 80% FV knockdown effect in cells 

transfected with F5 siRNA B and C in combination when compared to the negative control 

siRNA (results not shown).  

4.2.1.4 Total protein quantification in HepG2 under FV knockdown 

The growth of HepG2 cell lysates under FV knockdown was investigated by measuring total 

protein (in mg) (Figure 30). Overall, very little growth was observed, and cells transfected with 

siRNA B and C in combination showed a 2.4% decrease in total protein. However cells 

transfected with siRNA negative control and control A were observed to have a slight increase 

in total protein from 48 to 72 hours by 3.7% and 8.3%, respectively.  
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Figure 30: Total protein (in mg) in HepG2 cells transfected with indicated siRNAs. Cells were harvested 
48 and 72 hours after transfection, before total protein quantification was done on the protein lysates. Mean 
values in mg (n=12) and +SD are shown for four independent experiments.  
 
 
4.2.2 The effect of FV knockdown on apoptosis  
To study how FV knockdown affected cell death in the liver cancer cell lines HepG2 and Huh7, 

apoptosis analysis was conducted. The assay involved measuring DNA fragmentation in the 

lysates from cells transfected with siRNA B and C in combination along with the negative 

control siRNA and siRNA Control A (Figure 31 A & B). All transfected Huh7 cells were seen 

with an apoptotic effect increasing by 80% when compared to non-transfected cells (results not 

shown). No differences were observed 48 hours after transfection (Figure 31 A). However, cells 

transfected with siRNA B and C showed 45% significantly higher DNA fragmentation (P = 

0.0003) when compared to cells transfected with the negative control siRNA at 72 hours of 

transfection. The same trends were observed when apoptosis was related to total protein, 

however no significant differences were seen (Figure 31 B). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 31: The effect of FV knockdown on cell death measured by DNA fragmentation in the Huh7 
cell line. Cells were transfected with indicated siRNAs were harvested after 48 and 72 hours. (A) Relative 
apoptosis from absorbance values (A405nm – A490nm) compared to the negative control siRNA. (B) Apoptosis 
related to mg total protein in each sample. Significant difference (P ≤ 0.05) to siRNA B & C and negative 
control (A) is marked with *. Mean values (n=7) and +SE are shown for three independent experiments.  

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

48 Hours 72 Hours

To
ta

l P
ro

te
in

 (m
g)

Hours after transfection

siRNA B+C

siRNA Neg. Ctrl.

siRNA Ctrl.A

* 
P = 0,0003 

0

5

10

15

20

25

48 Hours 72 Hours

A
po

pt
os

is(
A

40
5n

m
–

A
49

0n
m

) /
 to

ta
l 

pr
ot

ei
n 

(m
g)

Hours after transfection

siRNA B+C

siRNA Neg. Ctrl.

siRNA Ctrl. A

A: B: 



   

 54 
 

 

 
For HepG2, the apoptosis analysis presented a significant difference in DNA fragmentation at 

both measured time points (P<0.0001) (Figure 32 A). When related to total protein, cells 

transfected with siRNA B and C in combination had a 272-352% significant increase (P = 

0.0045) when compared to the negative control and control A siRNAs after 72 hours (Figure 

32 B). 

 

 
Figure 32: The effect of FV knockdown on apoptosis measured by DNA fragmentation in the HepG2 
cell line. Cells were transfected with indicated siRNAs were harvested after 48 and 72 hours. (A) Relative 
apoptosis from absorbance values (A405nm – A490nm) compared to the negative control siRNA. (B) Apoptosis 
related to mg total protein in each sample. Significant differences (P ≤ 0.05) to siRNA B & C and negative 
control are marked with *. Mean values (n=12) and +SE are shown for four independent experiments.  
 

4.2.3 The effect of FV knockdown on cell migration in Huh7 cell lines 
The effects of FV knockdown on migration in Huh7 cells were investigated using reverse 

transfection in 2-well migration inserts. After removal of the insert, the resulting wound was 

measured in μm and plotted against time to study the differences in wound size as a measure of 

migration for cells transfected with F5 siRNAs compared to control cells (Figure 33 & 34).  

All transfected cells with showed a complete wound healing (closure) after 48 hours of 

migration (Figure 33 and 34). A significant difference in migration was observed at 24 hours 

after removing insert (P = 0.03), indicating a trend where FV knockdown resulted in reduced 

migration with a more open wound when compared to the control cells.  
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Figure 33: The effect of FV knockdown on cell migration in Huh7 cells. Cells were reverse transfected 
in 2-well inserts. The inserts were removed 24 hours after, and the migration was studied for 48 hours. Mean 
values in μm, (n=9) and +SD for three independent experiments are shown. Significant differences (P ≤ 0.05) 
are marked with *. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 34: Images showing the effect of FV knockdown on wound closing (healing) by migration in 
Huh7 cells. Cells were reverse transfected in 2-well inserts with siRNA negative control and siRNA B and 
C in combination. Inserts were removed 24 hours after (marked as 0 hours), and images were taken at the 5 
time-points indicated. 
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4.2.4 Effect of FV Knockdown on Cancer Pathway Signalling 
In order to investigate the molecular mechanisms behind the functional effects of FV 

knockdown in the liver cancer cell lines, we performed a screening of the transcriptional activity 

of 10 different cancer-related pathways by the Cancer 10-Pathway Reporter Array in both 

HepG2 and Huh7 cell lines. Effects of FV knockdown on the signalling pathways were 

calculated as fold changes in transcriptional activity of cells transfected with siRNA B and C 

compared to the control cells (Figure 35). 

The signalling pathways identified as most affected in Huh7, were the Wnt and JNK pathways, 

with a 60% and 55% downregulation (Figure 35, blue bars). The transcriptional activities of the 

pathways in the HepG2 cells seemed to be non-affected by the FV knockdown (Figure 35, 

orange bars).  

Figure 35: Fold change of transcription factor activity in 10 cancer related pathways under FV 
knockdown by transfection of F5 siRNA B and C, and siRNA negative control, in Huh7 and HepG2 
cell lines. Cells were harvested 48 hours after transfection, and transcriptional activity was measured by 
Luciferase array. Most affected pathways for Huh7 cells are marked in red circles for indication. Mean values 
(n=5) and +/- SD for two experiments are shown.  
 

4.2.5 Effect of FV knockdown on the JNK-pathway by single reporter array 

in Huh7 cell lines 
To confirm the observed effect of the JNK pathway after FV knockdown in Huh7 cells (shown 

in figure 35), a single reporter array was conducted for this pathway (Figure 36).  

Cells transfected with the F5 siRNA B and C combination resulted in a 54% reduced JNK 

transcriptional activity when compared to both negative controls. A JNK inhibitor was also 

included and confirmed the specificity of the assay.  
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Figure 36: The effect of FV knockdown on transcription factor activity of the JNK pathway in Huh7 
cell lines. Cells were harvested 48 hours after transfection, and the change in transcriptional activity was 
measured using Luciferase array. An AP-1 (JNK) inhibitor was also included. Mean values (n=9) and  +/- 
SD are shown for three independent experiments.  
 

4.2.6 Effect of the JNK activator, Anisomycin, on apoptosis under FV 

knockdown in Huh7 cell lines  
As established from the 10-pathway and single reporter assays, the JNK pathway proved to be 

affected by FV, and we thus wanted to investigate if this pathway could also be involved in the 

effect of FV on apoptosis.  

4.2.6.1 Verification of Anisomycin activator by western blot analysis   

In order to study the effect of JNK activation further, the optimal dosage and time of JNK 

activation by Anisomycin had to be determined.  

Anisomycin was seen to be efficient with all doses tested with 2 hours of treatment, 24 hours 

of treatment however, showed weak or no bands (Figure 34). All doses in cells treated for 30 

minutes presented strong bands, and the Anisomycin treatment seemed to be non-affected by 

serum-deprived medium (results not shown). A dose of 1 μM Anisomycin for 24 and 48 hours 

was chosen to be able to study the down-stream effects in the cells through apoptosis. Loading 

control GAPDH was comparable for all samples in both blots (Figure 37). 
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Figure 37: Western Blot illustrating the presence of phospho-JNK by Anisomycin activation in Huh7 
cell lines. The western blot is analysed using Huh7 protein lysates treated with 24 and 2 hours of different 
concentrations of anisomycin. Band specific for phospho-JNK (approx. 46 and 54 kDa) and loading control 
GAPDH (approx. 37 kDa) are indicated by black lines. 

4.2.6.1 The effect of Anisomycin on apoptosis in Huh7 cells under FV knockdown   

After verifying the activation of JNK by Anisomycin treatment, the chosen dose and times were 

studied to investigate the effect of activated JNK on apoptosis in the Huh7 cell line under FV 

knockdown.  

As figure 38 presents, there were no significant differences between the measured apoptosis 

under FV knockdown in Huh7 cells treated with Anisomycin, when compared to the untreated 

cells. 

 

 
 
 
 
 
 
Figure 38: The effect of Anisomycin treatment under FV knockdown on apoptosis measured by DNA 
fragmentation in the Huh7 cell line. Cells were transfected with indicated siRNAs and harvested after 72 
hours. Values are presented as apoptosis measured by absorbance related to mg total protein in each sample, 
relative to untreated transfected cells. Mean values n=6 and +SD for two independent experiments are shown.  
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4.3 The effect of cytostatic treatment in liver cancer cell lines  
 
4.3.1 The effect of doxorubicin treatment on liver cancer cell proliferation  
To study the sensitivity of Huh7 and HepG2 cells to doxorubicin, the effect on cell proliferation 

was studied in a dose- and time dependent manner (Figure 39 and 40).  

All doxorubicin-treated Huh7 cells showed a reduction in cell proliferation already from 24 

hours and the sensitivity increased with time of treatment, thus indicating that Huh7 cells are  

sensitive to doxorubicin (Figure 39). The effect of doxorubicin on the cells also seemed to 

increase in a dose-dependent matter. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 39: Time- and dose dependent effect of doxorubicin on cell proliferation in Huh7 cells. The cell 
proliferation was measured by absorbance using Wst-1 after treatment with doxorubicin at the indicated 
doses and time points. Mean values (n=24) and +SD for three independent experiments are shown.  
 

No difference in cell proliferation for the different dosages after 24 hours of doxorubicin 

treatment was observed in the HepG2 cell line (Figure 40). However, from 48 hours to 72 hours 

of treatment, all doxorubicin-treated cells seemed to have a reduction in cell proliferation when 

compared to non-treated cells (0 µM).  

 
 
 
 
 
 
 
 
 
 
 
 
Figure 40: Time- and dose dependent effect of doxorubicin on cell proliferation in HepG2 cells. The 
cell proliferation was measured by absorbance using Wst-1 after treatment with doxorubicin at the indicated 
doses and time points. Mean values (n=16) and +SD for two independent experiments are shown.  
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4.3.2 The effect of doxorubicin on F5 expression in liver cancer 
After establishing that both the Huh7 and HepG2 cells were sensitive to doxorubicin treatment, 

it was interesting to study whether or not doxorubicin could affect F5 expression in the liver 

cancer cells by treating them with different doses and measuring the F5 mRNA expression.  

4.3.2.1 Doxorubicin’s effect on F5 mRNA expression in Huh7  

The Huh7 cells were treated with 0, 1, 10 and 50 μM of doxorubicin and harvested 24 and 48 

hours after treatment before measuring F5 mRNA expression using qRT-PCR. When compared 

to untreated cells, cells treated with 1 μM doxorubicin showed a reduction in F5 mRNA 

expression after 24 and 48 hours by 50 and 20% respectively (Figure 41). No change in F5 

expression  was observed in cells treated with 10 μM after 24 hours and expression was non-

detectable after 48 because of the toxicity of doxorubicin on the cells. This was also the case 

for cells treated with 50 μM at both 24 and 48 hours of treatment.   

 

 

 
 
 
 
 
 
 
Figure 41: Relative F5 mRNA expression under treatment of 0, 1 and 10 μM doxorubicin in Huh7 
cells. Cells were harvested 24 and 48 hours after transfection and were measured using qRT-PCR and 
normalised against GAPDH as endogenous control. Results are expressed as RQ values compared to the non-
treated cells at each time-point. Mean values (n=9) and +SD for three independent experiments are shown. 

4.3.2.2 Doxorubicin’s effect on F5 mRNA expression in HepG2  

The HepG2 cells were treated with 0, 0.5, 1 and 5 μM of doxorubicin and harvested 24 and 48 

hours after treatment before measuring the F5 mRNA expression using qRT-PCR.   

Cells treated with 0.5 and 1 μM doxorubicin showed a significantly increased F5 mRNA 

expression (P-values of 0.0001 and >0.00001) of 150-184% after 48 hours of treatment, 

respectively, when compared to the untreated cells (Figure 42). The F5 expression was reduced 

with 71% in cells treated with 5 μM doxorubicin due to toxicity in the cells from doxorubicin.  
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Figure 42: Relative F5 mRNA expression under treatment of 0, 0.5, 1 and 5 μM doxorubicin in HepG2 
cells. Cells were harvested 24, and 48 hours after transfection and F5 mRNA expression was measured using 
qRT-PCR and normalised against GAPDH as endogenous control. Results are expressed as RQ values 
compared to the non-treated cells at each time-point. Significant differences (P ≤ 0.05) are marked with “*”. 
Mean values (n=9) and +SD for three independent experiments are shown.  
 
 
To investigate if the induced F5 expression seen in HepG2 with doxorubicin treatment was 

through p53, cells were treated with pifithrin and 1 μM doxorubicin. Pifithrin is a p53 inhibitor, 

which prevents transactivation of p53 responsive genes and suppresses p53 dependent 

apoptosis (Sohn et al. 2009).  

Cells were treated with μM pifithrin after 24 hours doxorubicin treatment and harvested 24 

hours later. The F5 mRNA expression was then measured by qRT-PCR. The F5 mRNA 

expression was increased by 40% in cells treated with 1 μM doxorubicin and DMSO when 

compared to untreated cells (Figure 43). In addition, F5 expression further increased in cells 

treated with Pifithrin and 1 μM doxorubicin with a 94% higher expression compared to cells 

treated with doxorubicin only.  

 
 

 
 
 
 
 
 
 
 
 
Figure 43: Relative mRNA expression of F5 under treatment of doxorubicin and pifithrin in HepG2 
cells. Cells were treated with 0 and 1μM doxorubicin, in addition to pifithrin and DMSO, and harvested after 
48 hours of doxorubicin treatment. F5 mRNA expression was measured using qRT-PCR and normalised 
against GAPDH/HPRT1 as endogenous controls. Results are expressed as RQ values compared to the non-
treated cells. Mean values (n=6) and +SD for two independent experiments is shown. 

0

0.5

1

1.5

2

2.5

3

3.5

0µM 0.5 µM 1µM 5µM

R
el

at
iv

e 
F5

m
R

N
A

 e
xp

re
ss

io
n

Concentration of Doxorubicin

24 Hours

48 Hours

0

0.5

1

1.5

2

2.5

3

0µM +DMSO 1µM + DMSO 1µM+ Pifithrin

R
el

at
iv

e 
F5

m
R

N
A

 
ex

pr
es

si
on

Concentration of doxorubicin



   

 62 
 

 

5. DISCUSSION 
 
The close relationship between cancer and coagulation has been long known, and a study has 

shown that patients with venous thromboembolic disease have been observed to have a 3-fold 

increased risk of diagnosing ovarian cancer within the next 6-12 months when compared to the 

general population (Sørensen et al. 1998). Multiple studies conducted on coagulation factors 

revealed that they display a role in tumor progression. Tumor cells themselves can, in fact, 

directly activate the hemostatic system by producing procoagulants and microparticles 

(Sampson et al. 2002; Falanga et al. 2009). Through studying these molecular mechanisms by 

which coagulation factors promote tumor cell growth, invasion and metastasis, one can achieve 

a better understanding of the associations for further potential clinical purposes of 

individualized cancer treatment.  

In this thesis, the role of coagulation factor V (FV) in liver cancer was studied. And a few have 

suggested a link between FV and cancer where FV has been found to be expressed in different 

cancer tissues such as colon cancer and prostate cancer. Tinholt et al. (2014) also revealed the 

association of F5 SNPs with breast cancer. The specific roles of FV in cancer and cancer 

progression however, has not been investigated so far, and the findings of FV in the different 

cancer tissues may seem to be more sporadic rather than suggesting a functional role. Yet, a 

recent study conducted by Tinholt et al. (2018) showed that higher expression of F5 (encoding 

FV) was associated with more aggressive breast cancer tumors but also better survival among 

breast cancer patients, which might suggest a tumor suppressing role of FV in cancer 

progression. In another study, carriers of the Factor V Leiden mutation was observed with an 

increased risk of colorectal cancer, which linked FV mutations to cancer as a possible biological 

marker (Vossen et al. 2011).  

Based on these findings, it was interesting to further investigate possible roles of FV in cancer. 

And, while the overexpression of FV in breast cancer was studied by the N. Iversen research 

group at this time, we also wanted to look at the role of FV in liver cancer. Liver is the main 

synthesiser of FV, and cancer data derived from TCGA revealed (see introduction section 

1.4.5.1) that liver cancer presented abundant levels of FV when compared to other cancers. In 

this thesis, we therefore studied the knockdown effect of FV in liver cancer cell lines HepG2 

and Huh7 to gain an understanding of the functional role of FV in liver cancer, and also the 

effect of cytostatic treatment on FV in vitro.  
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5.1 Liver cancer cell lines   
 
Two different liver cancer cell lines; HepG2 and Huh7 were used for experiments in this thesis, 

and as in vitro study models, cell lines have several advantages. First, they are easily accessed 

and cost-effective, and second, the cells can easily be frozen and thawed on demand. Due to 

potential infinite cell division, cell lines also have a longer lifetime, which allows for culturing 

cells over long periods of time. With infinite cell division, mutations may occur resulting in 

slightly different cells than what initially was started with. In addition, culturing for longer time 

periods opens for a risk of cross-contamination, and so to avoid this, sterile conditions were 

strictly enforced in all cell experiments. Cells also require specific culture conditions, and are 

sensitive to changes in these conditions. Because of this, recommended culturing medium and 

serum was utilised and cells were incubated at 37°C and 5% CO2.   

In vitro studies involve performing studies outside a living organism, enabling experiments in 

fully controlled environments, like an isolated system inside a cell. However, because these 

experiments are so isolated, they fail to replicate the precise cellular conditions of an organism, 

and studies done in vitro should also be tested in animal models before the effects can be 

transferred to in vivo systems where overall effects of the experiment on the living subject can 

be observed. Huh7 and HepG2 cells were used as in vitro cell models for this thesis. They are 

both human hepatocellular carcinoma derived liver hepatocyte epithelial cells that are 

monolayered, adherent and easily cultured under the same conditions and using the same media 

and serum. The differences in the cell characteristics are observed in p53 status of these cells, 

where Huh7 cells have mutated p53, and HepG2 cells are p53 wild type. 

 

5.2 Creating a FV knockdown cell model    
 
Gene knockdown is a useful method to study the function and role of the gene and the protein 

it expresses. Gene knockdown by RNA interference (RNAi) does not completely shut off or 

eliminate the gene expression, but rather results in expression to a less extent where the end 

result is post-translational, down-regulation of gene expression without changing the genetic 

code (Mittal, 2004). By contrast, a gene knockout is a complete elimination of gene function 

that creates a double-strand break in the chromosome (Bogdanove & Voytas, 2011).  
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Deciding whether a knockdown or a knockout model is more preferable depends on the 

experimental goals for the study. RNAi-mediated knockdown would be a better choice in 

genome editing where it is not desirable to change the genetic code. For example, if one only 

wants to reduce the gene function temporarily by transiently transfecting siRNAs into cells, 

which will be lost after a few generations of cells and restoring normal gene function again.  

A knockout model, on the other hand, is a better choice when it is of interest to study complete 

gene deletion. This could be done by, for example, making a knockout mouse to study a gene 

of unknown or incompletely known function by replacing the normal functioning gene with a 

non-functional one.  

However, there are limitations and strengths to both methods which are worth considering 

before deciding which to go forward with. The primary issue for gene knockout, especially in 

knockout mouse models are regions of ES-derived genetic material surrounding the deleted 

gene that may contain hundreds of genes, possibly resulting in a high degree of genetic linkage 

between them. This can produce an observable phenotype, making it difficult to determine the 

exact impacts of the gene knockout itself (Eisener-Doman et al. 2010). Another limitation is 

that complete gene knockout may be compensated for in multiple ways, where alternative 

routes or pathways can be used in order to achieve the performance of the same function as the 

knocked out gene (Tymms & Kola, 2001). On the other hand, gene knockout is an effective and 

specific method, and in mouse models, the knockout can be seen in a biological context in 

which drugs and other therapies can be developed and tested directly (NIH, 2015). siRNA 

mediated gene knockdown is easier to perform, because it can be used directly in cell lines. 

This method, however, does have somewhat limited specificity because of relatively short 

nucleotide constraints for effectiveness, but this actually allows RNA molecules to silence 

entire pathways of genes. Because siRNAs only accomplish a reduced gene expression through 

knockdown, as opposed to the complete gene silencing in knockout, they are better facilitated 

for discovering therapeutic gene targets, and are more physiologically relevant for this purpose.  

Because there are no known specific studies of FV in liver cancer, we wanted to begin with a 

transient knockdown model, where liver cancer cell lines could be used and the knockdown 

effect itself was easily determined and confirmed. We therefore chose to create and optimize a 

FV knockdown cell model using RNAi to silence F5 expression in the liver cancer cell lines 

HepG2 and Huh7 to conduct functional in vitro studies of FV in the cell lines.  
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F5 siRNAs of two lengths were tested using transient transfection. The optimization revealed 

a more efficient transfection with the 27mer siRNAs than with the siRNAs of 21mer. This 

finding is in accordance with the manufacturer’s claims that they were designed for optimal 

processing by Dicer which produces a 10-fold higher potency and specificity when compared 

to 21mer siRNAs. This was also confirmed in a study where Kim et al. (2005) tested the 

efficiency of siRNAs of different lengths. The higher efficiency of siRNAs with longer 

nucleotide sequences might be explained by the high sequence-specificity in the gene silencing. 

siRNAs differing only by one nucleotide may therefore show different knockdown efficiencies 

in the same cell line, as we observed with 21 and 27mer siRNAs. Furthermore, the same siRNA 

may also provide different knockdown effects in different cell lines due to more resistance to 

transfection in some cell lines than other (Cullen, 2006).  

In the time-dependent transfection experiments, the FV knockdown was observed to be 

effective both at 48 and 72 hours of transfection in Huh7 and HepG2 cell lines at the mRNA 

and at the protein level. However, it seemed that the FV knockdown on mRNA level was 

slightly more effective after 48 hours than the rest. These observations were in line with findings 

in the report by Yong-Jiang et al. (2014) where they studied knockdown of TF in gastric cancer 

cell lines, and observed a transfection rate where knockdown was significantly higher at 48 

hours, than the one of 24, and that the rate decreased after 72 hours. Our knockdown model 

also revealed that the knockdown effect on the protein level was best after 72 hours, compared 

to 48 hours in measured mRNA expression. These results were confirmed by a study previously 

conducted by the N. Iversen research group on the knockdown effect of TFPIα and TFPIβ in 

breast cancer cells (Kirkevold, 2014). The reason for an earlier mRNA expression detection is 

because RNA is produced by transcription of DNA by RNA polymerase, which also carries 

mRNA-processing proteins, and the RNA then undergoes translation into proteins. Thus, it is 

important to investigate the protein levels of expression as well as that of mRNA, and which 

time points give the most effective knockdown for the further functional protein effects of FV 

studied.  

The reduced F5 expression confirmed that an effective knockdown model was achieved in both 

cell lines, and it could be used with confidence in further functional analyses. Of note, the F5 

siRNA A showed no knockdown effect in optimizing experiments. The sequence was checked, 

and confirmed by the manufacturer to have no similarity with any other sequence, and was 

therefore included in some experiments as a second negative control.  
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Interestingly, the FV knockdown could not be detected in the protein cell lysates measured by 

both ELISA assay and Western blot analysis. These observations were in accordance to a study 

done by Wilson et al. (1984) where they found that Factor V activity in HepG2 cell medium 

increased nearly linearly over a 20-hour time course. This indicated FV as a secreted protein, 

and that the secretion itself seemed to happen so quickly that no effect was detectable in the 

cell lysate itself.  

Transient transfection models are suitable for studying short-term effects of gene expression in 

for example knockdown with siRNAs on a small scale as done in this thesis. However, if  long-

term effects of gene expression or gene knockdown are desired, a stable transfection which 

sustain transgene expression even after replication of the host cell, is required (Glover et al. 

2005), although, the knockdown effect itself is usually better in transient transfections than 

what is observed in stable cell lines. To be able to further study long-term effects of the FV 

knockdown in Huh7 and HepG2 cells, the F5 siRNAs were cloned as shRNAs in the pSiRPG 

vector. The shRNAs were then transfected into Huh7 and HepG2 cells to make stable cell lines 

with constant FV knockdown. After 2 weeks of puromycin selection, a significant number of 

both Huh7 and HepG2 cells transfected with the F5 shRNAs were dead. Yet, the control cells 

had sufficient number of cells. Størvold et al. (2007) presented a successful stable NDRG1 gene 

knockdown by siRNAs in the pSiRPG vector after puromycin selection in breast cancer cell 

lines. Stable knockdown was also achieved siRNAs by Li et al. (2006) in breast and cervical 

cancer cell lines, and thus the method itself and the vector used should produce viable cells with 

continuous FV knockdown. However, because the control cells only seemed to survive the 

stable transfection, it might indicate that the liver cancer cells could not tolerate a stable FV 

knockdown to that extent.  

 

 

5.3 Functional effects of FV knockdown in liver cancer cells    
 

After establishing a successful knockdown model in the Huh7 and HepG2 cell line, studies 

were done to investigate the functional effects and the molecular mechanisms of FV in liver 

cancer cells.  
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Cell growth:  

The role of FV on growth of liver cancer cells was studied by conducting cell proliferation 

experiments with FV knockdown in the Huh7 and HepG2 cell lines. The proliferation was 

examined using the Wst-1 cell proliferation reagent and measuring absorbance in the 

transfected cells at 1 to 72 hours after transfection. In Huh7 and HepG2 under FV knockdown, 

very little growth was observed by this assay. The increased growth under FV knockdown was 

also seen to be non-significant in the Huh7 cell line and only significant at 72 hours after 

transfection for HepG2.  

Although there are no other known studies of FV on cancer cell growth, the effects of other 

coagulation factors have been investigated in other cancer cell lines. Studies have revealed that 

thrombin has a significant stimulatory effect on angiogenesis by inducing vascular growth 

factors, and thereby indirectly promoting growth in cancer (Huang et al. 2000). In addition, 

Yong-Jiang et al. (2014) found that downregulated TF significantly decreased gastric cancer 

cell proliferation, similarly, Pollen (2014) found that a downregulation of TFPIα and TFPIβ 

reduced breast cancer cell growth.  

Another method for investigating growth of the cells under FV knockdown is the measure of 

total protein in the cell lysates. The total protein quantification is a colorimetric method that 

measures the total protein amount compared to a standard curve and may thus be used as an 

indirect growth measure. All transfected cells were observed to have very little growth in the 

measured time points, which reflects on the impact the transfection itself has on the cells. No 

significant differences were seen for any transfected cells in either of the cell lines in this total 

protein assay, meaning that the effect on proliferation determined in HepG2 with Wst-1 assay, 

was not seen in the total protein assay.  

Based on these results, it seems that transiently transfected the cells right before measuring 

growth may not be optimal for this type of experiment because the transfection itself inhibits 

growth of the cells. Thus, a study in stable transfected cells should be considered for future 

growth experiments. On the other hand, all cells in this assay were observed to have poorer 

overall proliferation in 96-well plates compared to wells of bigger volume. This may be the 

result of an evaporation problem, even though we tried to avoid this, where content in perimeter 

wells on plates incubated for longer time periods (over 24 hours) evaporates and changes the 

concentration in the well, affecting the proliferation. Another reason for the poor growth may 
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be the small volume of the wells, making it difficult to seed out cells evenly and consequently, 

hard for the cells to grow optimally as well.  

The Wst-1 proliferation assay used in this thesis measures the proliferation by quantification of 

formazan. This method is simple, and a more sensitive method for specifically measuring cell 

proliferation, as opposed to the measure of total protein. It was used as a starting method to 

identify what effects on cell growth to potentially further investigate, and is a good assay for 

this, as it is suitable for adherent cells. Nevertheless, there are multiple potentially more specific 

alternative methods to consider for further studying cell proliferation also. CyQUANT Cell 

Proliferation Assay, for example, is based on the measuring the DNA content in the wells, and 

is a simple yet accurate way to measure cell number, and more sensitive than colorimetric-

based assays making it a good alternative. BrdU Cell Proliferation Assay is another option 

which measures DNA synthesis by incorporating a BrdU antibody which does not cross-react 

with endogenous DNA making it very sensitive. However it does require a lot of preparations 

and is somewhat less simple to conduct, and may be an alternative when looking into very 

specific effects on cell proliferation. At last, the ATP determination Kit may be another 

preferable method that measures quantitative ATP with recombinant firefly luciferase and its 

substrate D-luciferin.  

Apoptosis:  

Tumor cells are known to avoid apoptosis (or programmed cell death), leading to increased 

proliferation. Thus, studying the effect of FV on apoptosis in liver cancer cells by DNA 

fragmentation, and comparing the results with what was seen for cell proliferation, could give 

a good insight to the role of FV in liver cancer progression  

In Huh7 and HepG2, apoptosis was significantly increased in all transfected cells when 

compared to untreated cells, thus confirming the stressful impact of the transfection itself on 

the cells. A FV knockdown resulted in increased apoptosis in both cell lines when compared to 

the control cells at 48 or 72 hours of transfection. Similarly, in the study conducted by Yong-

Jiang et al. (2014), knockdown of TF also significantly increased apoptosis when compared to 

the control gastric cancer cells. Schiller et al. (2002) studied the effect of thrombin in leukemia 

and lymphoma, and presented that thrombin decreased apoptosis significantly in vivo and in 

vitro. Downregulated TFPIα and TFPIβ significantly also reduced the apoptosis in breast cancer 

cells (Kirkevold, 2014).  
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Higher apoptosis could mean reduced growth of cancer cells, and these findings indicate that 

TFPI and FV have tumor suppressing characteristics in breast cancer by increasing apoptosis, 

as opposed to TF in gastric cancer, FV in liver cancer and thrombin which seem to have 

oncogenic roles by reducing the apoptotic effects. Although FV in liver cancer was observed to 

reduce apoptosis in the results from this thesis, studies from TCGA provisional data on liver 

cancer survival presented no significant effect of F5 expression on overall survival (P = 0,168), 

and a borderline difference in overall survival of liver cancer patients with large tumors (P = 

0,064), where high F5 expression seemed to give the more favourable outcome as was seen in 

previous FV studies in breast cancer (Tinholt et al. 2018).  

The higher levels of apoptosis under FV knockdown contradict the results in HepG2 from the 

proliferation experiments, where FV knockdown had a more effective proliferation after 72 

hours than control cells. However, none of the other growth results were significant, and thereby 

the apoptosis results are more reliable in this thesis. It should also be noted that when the results 

from the measured apoptosis by DNA fragmentation in Huh7 was related to the measured total 

protein in the lysates, the significant difference between F5 knockdown and control was no 

longer a fact. Furthermore, the significant effects of apoptosis in HepG2 was somewhat reduced 

by relating them to the total protein measurements. Hence, relating the apoptosis measurements 

to the ones of total protein might not necessarily be a correct presentation of the results. 

Theoretically, if the level of apoptosis observed is dependent only on the FV protein level, then 

the differences should be compensated for when related to the total protein and any difference 

in level of apoptosis after adjustment can indicate differences in biological function. So it might 

be more explanatory to look at the apoptotic measurements under FV knockdown alone, and 

from the results in this thesis, and we can confirm that FV knockdown decreases apoptosis 

significantly in both liver cancer cells studied.  

Migration: 

To further investigate the functional role of FV in liver cancer, a migration assay was done in 

Huh7 under FV knockdown. Cell migration and invasion of cancer cells into surrounding tissue 

and the vasculature, is an important step in the metastatic process and tumor progression (Wurtz 

et al 2011). In addition, tumor cells often have an increased ability to migrate so they can spread 

to other parts of the body. (Hanahan & Weinberg, 2000). The assay was done using the Culture-

Insert 2-Well μ-Dishes studying migrating cells with and without FV knockdown.  
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Overall, all transfected cells had closed the wound after 48 hours, however this was somewhat 

expected because the well volume makes it unavoidable for the wound to close completely at 

some point in time. Nonetheless, a trend suggesting a decrease in migration for cells transfected 

with FV knockdown when compared to the control cells was observed for most time points 

measured. Even these slight differences in migration may be interesting in order to understand 

the role of FV in cancer progression. In addition, the difference between cells with FV 

knockdown and control cells observed after 24 hours of migration was seen to be significant. 

No previous migration studies of FV are known, but a reduced cell migration was also seen 

under knockdown of TF in gastric cancer cells when compared to the control cells (Yong-Jiang 

et al. 2014), and FVII expression in an ovarian cancer cell line enhanced migration (Koizume 

et al. 2006). However, an upregulation of TFPI resulted in reduced migration in breast cancer 

(Pollen, 2014).  

A lower migration rate of liver cancer cells with FV knockdown confirms the observed higher 

apoptotic effect and also substantiates the possibility of a role for FV in liver cancer as an 

oncogene of tumor progression. However, this experiment was only not conducted for HepG2 

cells due to their growth characteristics making them unsuitable for this type of migration assay. 

Thus these results should be considered to be confirmed in other ways; by for example 

measuring the migration rates of HepG2 to investigate the effects of FV on migration in these 

cells for comparison with results seen in Huh7 by the Boyden Chamber Technique, but also for 

Huh7 cells for confirmation and to compare with the results already obtained from the insert 

dishes. The Boyden Chamber Technique is an alternative to the Insert 2-Well μ-Dishes, where 

cells migrate through a membrane and are stained and counted. At last, as mentioned in the cell 

growth assays, experiments with stably transfected cells should also be considered for future 

migration assays with FV knockdown. 

In summary, studying the potential functional roles of FV in liver cancer revealed no significant 

differences of FV on the cell growth. Nonetheless, our knockdown studies revealed induced 

apoptosis and reduced migration under FV knockdown, suggesting an oncogenic role of FV in 

liver cancer. This is contradicting previously FV studies done in breast cancer by the N. Iversen 

research group where the results presented FV as a potential tumor suppressor gene. However, 

before concluding further, we also wanted to look into possible molecular mechanisms 

connecting FV and cancer to look into possible molecular mechanisms connecting FV and 

cancer.  
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5.3.1 Possible molecular mechanisms of FV in liver cancer cells  
On the basis of the obtained results from the possible functional roles of FV in cell growth, cell 

migration and apoptosis, it was of interest to study the potential molecular mechanisms behind 

the effects of FV seen in the liver cancer cells. An experiment was therefore conducted using 

the Cancer 10-Pathway Reporter Array, to determine which of the 10 cancer pathways included 

in the array (See Sections 3.5.4.1 & 4.2.4), if any, would be most affected by the FV knockdown 

in both Huh7 and HepG2 cells.  

The expression of protein-coding genes involves multiple transcriptional and post-

transcriptional processes. Transcriptional activity refers to the binding and processive activity 

of RNA polymerase and the amount of actual transcripts are measured relative to the control 

array (Maniatis & Reed, 2002). The transcriptional activity in the 10 cancer-related pathways 

included in the array was measured in Huh7 and HepG2 cell lines by a fold-change between 

the transcriptional activity in cells with FV knockdown and in the control cells. From the results, 

we observed the JNK and Wnt pathways to be most down-regulated under FV knockdown in 

the Huh7 cells, and none of the pathways seemed to be affected in HepG2 cells. The result of 

down-regulation in the JNK pathway under FV knockdown in Huh7 was also confirmed by an 

AP-1 single reporter array because it was available, although it would be of interest to further 

confirm the Wnt downregulation as well. This should be considered for future studies of FV in 

liver cancer.  

The JNK pathway is central in cancer progression, and JNKs belong to MAP-kinases involved 

in regulation of cell proliferation, differentiation and apoptosis. It has been shown that JNKs 

are crucial for both cell proliferation and apoptosis, and whether the activation of JNK leads to 

cell proliferation or apoptosis is dependent on the stimuli and the cell-type involved in the 

activation (Lin & Dibling, 2002)(Liu & Lin, 2005).  

As the down-regulation of the JNK pathway was confirmed, it was appealing to investigate 

whether this pathway could be responsible for the effect seen in apoptosis in Huh7 cells. This 

was done by measuring apoptosis in cells with FV knockdown with or without the JNK 

activator Anisomycin. No significant differences were observed in FV knockdown cells treated 

with JNK activator when compared to the untreated cells. Yet, cells treated with the JNK 

activator for 48 hours showed a slight reduction in apoptosis under FV knockdown, and cells 
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treated for 24 hours showed a slight increase in apoptosis under FV knockdown. As mentioned, 

JNK may have both pro- or antiapoptotic functions, depending on cell type, nature of the death 

stimulus, duration of its activation and the activity of other signalling pathways (Liu & Lin, 

2005) and so no conclusion should be made from this one experiment. The non-significance 

indicated other potential molecular mechanisms underlying the apoptotic effect, and that are 

also affected by the transcriptional regulation of the JNK pathway which could be interacting 

with FV and its functional roles.  

Although we cannot yet establish the cancer-function of FV, multiple other coagulation factors 

have been studied for this matter, and may be comparable in order to suggest the possible roles 

FV might have in cancer based on our results. Overexpression studies of TFPIα and TFPIβ done 

by the N. Iversen group previously showed decreased adhesion and migration and indicated an 

anti-tumor effect of both isoforms (Pollen, 2014), contradicting the results of FV in this thesis. 

Stavik et al. (2011) also reported an association between TFPI and a decrease breast cancer cell 

growth, migration and invasion. Santamaria et al. (2017) conducted a study where FV was 

observed to enhance TFPI in the presence of protein S. FV also directly interacts with TFPI in 

the inhibition of prothrombinase assembly, thus the opposite characteristics between TFPI in 

breast cancer and FV seen in this thesis may suggest that the role of FV in liver cancer is not 

coagulation-dependent.  

As described in the introduction, tissue factor (TF) is the physiological initiator of coagulation 

and has come to be seen as a key determinant of the coagulation/cancer interaction. TF 

expression has been confirmed in malignant cells, especially in cells with enhanced metastatic 

potential, and is seldom expressed in normal epithelial cells. Yong-Jiang et al. (2014) found 

that TF inhibited apoptosis and lead to increased migration, which is in accordance with what 

we observed for FV in our liver cancer studies. Another study done by Jiang et al. (2006) 

demonstrated that the TF/FVII/FX complex inhibited apoptosis in breast cancer cells via the 

p44/42 MAPK and PKB/Akt signalling pathways. Even though no direct effects were observed 

in the TF-affected pathways in our 10-pathway array, they may indirectly interfere with the 

effects observed of FV in liver cancer, but originate from the effects of TF. Overexpression of 

TF has also been found in both plasma and liver tissue of liver cancer patients, and the 

expression was upregulated in poorly differentiated liver cancer, which suggests that the 

expression of TF is related to higher grade tumors and to poorer prognosis, which is in 

accordance with the results of TF in gastric cancer. TF/FVII cleaves FX to FXa which activates 



   

 73 
 

 

and complexes with FV, and so the oncogenic characteristics seen of TF in liver cancer might 

be affecting FV in a cancer progressive matter like we observed, rather than FV being the 

initiator.  

Activated protein C (APC) has both anticoagulant activity and direct cell-signalling properties. 

A study done by Van Sluis et al. (2009) reported that APC promoted cancer cell migration and 

invasion and inhibited apoptosis. This was also confirmed by Althawadi et al. (2015) who found 

that APC induced cell migration in ovarian cancer. APC induces direct cellular effects that 

regulate the inflammatory response via its direct cell signalling properties (Van Sluis et al. 

2009). This kind of APC-induced signal transduction promotes cancer cell migration, invasion 

and angiogenesis and inhibits cancer cell apoptosis. The APC signalling also enhances the 

vascular endothelial barrier function through activation of endothelial protein C receptor: 

protease activated receptor 1 (PAR1). This barrier has protective effect of APC seems to be 

pivotal for limiting inflammatory disease and sepsis-induced mortality (Van Sluis et al. 2009). 

FV plays an important role in the APC pathway as an essential cofactor to APC in the 

inactivation of FVa and FVIIIa (Cramer et al. 2010). And so the inducing effects of APC 

documented in cancer is in agreement with the effects we observed of FV in liver cancer in this 

thesis, and could mean that FV’s effect is somewhat affected by APC, and is acting in a 

coagulation-independent manner.  

Before concluding this, one should consider to further analyse the interaction between FV and 

other factors of the coagulation system to see whether or not these will confirm what has been 

documented in this thesis. The anticoagulant form of FV has been found to express an anti-

inflammatory effect through its cofactor properties with APC, which abolishes the EPCR 

dependent inflammatory PAR2 signalling by destabilizing TF/FVIIa/FXa complex (Liang et 

al. 2015; Sun 2015). Moreover, inhibition of the TF/FVIIa/PAR2  pathway have proven to 

attenuate cell growth and angiogenesis (Ruf et al. 2011). Lin et al. (2016) also suggested a 

crucial impact of the TF/FVII/PAR2 coagulation pathway on tumor malignancy under certain 

circumstances in liver cancer, and thus the interactions between APC, PAR2 and FV should be 

investigated in liver cancer to determine if FV does have a coagulation-independent role in 

cancer or if it is a result of the progression of the cancer itself.  

In summary, the results from this thesis have suggested an oncogenic role of FV in liver cancer, 

which has been seen to be in accordance with reports of TF and APC in cancer. Because both 

TF and APC have direct and indirect interactions with FV in the coagulation pathway, it seems 
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that the effects of FV in liver cancer may be affected by these factors. On the other hand, TFPI 

has previously been shown to have tumor suppressing activities in breast cancer, and because 

of the direct interactions between FV and TFPI in coagulation, the effect of TFPI may be 

compensational. Furthermore, Chen et al. (2016) found that patients with high levels of FVII 

in liver cancer tissue showed poorer survival rates than those without, and so some parts of the 

coagulation system does have significance for liver cancer progression and survival, but it may 

not be FV.  

 

 

5.4 The effect of doxorubicin on liver cancer cells 
 
Chemotherapeutic agents are related to risks of thrombotic complications and in addition to 

this, anticoagulant therapy in cancer patients is challenging because these patients also have an 

increased risk of major bleeding. However, little is known about the molecular mechanisms 

underlying the pro-thrombotic doxorubicin-induced trigger in cancer patients.  

In liver cancer cells, systemic chemotherapeutic treatment is a challenge, and chemotherapy is 

documented to be ineffective and limited by acquired resistance of the tumors after exposure 

(Beaugrand M., et al., 2005) (Llovet, M., 2005). Thus, it was interesting to study the cell 

viability and sensitivity to doxorubicin in both Huh7 and HepG2 cell lines treated with 

increased concentrations and treatment times of doxorubicin. 

The results showed sensitivity to doxorubicin in a time- and dose-dependent matter. Thus, at 

higher concentrations and with longer treatment, the cells’ response was observed to be 

increasingly sensitive. However, both Huh7 and the HepG2 cells seemed to be already 

responding sensitively to the lowest concentrations of doxorubicin (1 & 0,5 μM, respectively) 

after 48 hours of treatment. This indicated a strong sensitivity which contradicts a study done 

by Llovet (2005) who investigated treatment options of liver cancer, and found that systemic 

doxorubicin only provided partial responses in 10% of cases, and with no proven survival 

advantages indicating a doxorubicin resistance of liver cancer. A previous study done by Lai 

C-L et al. in 1988 documented similar results, where an overall survival rate of liver cancer 

patients treated with doxorubicin was 3 weeks longer than for untreated patients. However, only 

3% of treated patients showed a doxorubicin-induced tumor regression of over 50%, and as a 

result of the experienced fatal complications (septicaemia and cardiotoxicity) in 25% of the 
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patients, concluding that doxorubicin may not be the ideal drug for treatment of inoperable 

HCC.  

Despite the fact that our results presented sensitivity, and other documented studies did not, one 

should keep in mind how resistance to chemotherapy may be developed. Cancer tissues consist 

of a various population of malignant cells, and some of these may be sensitive to cancer drugs, 

while others are resistant (Eramo et al. 2010). One chemo-resistance mechanism is 

environmental-mediated drug resistance, which is based on communication between the tumor 

cells and their microenvironment. Signalling in this environment allow these cells to escape 

chemotherapy-induced apoptosis, leading to surviving foci of residual cells (Meads et al. 2009). 

Thus, the resistance may not be visible over the short time periods we measured. In the HepG2 

cell line, however, a slight increase in cell proliferation was seen for 2 and 5 μM after 72 hours 

of treatment, which may indicate cells exhibiting a slight resistance. However, this was not 

visible when observing the cells in the microscope, and may just be inconsistencies in 

measurements by Wst-1.  

Based on the knowledge obtained from the cell survival experiment under dose- and time-

dependent doxorubicin treatment, knowing both cell lines were sensitive to doxorubicin at 

certain concentrations and time points, it was also of interest to investigate if FV may be 

involved in the treatment response somehow. No change in F5 mRNA expression was observed 

in Huh7 cells for any concentrations of doxorubicin when compared to untreated cells. In the 

HepG2 cells, however, the F5 expression was seen to be significantly increased under treatment 

of 0,5 and 1 μM at 48 hours. Nevertheless, a doxorubicin concentration of 5 μM in these cells 

showed no further increase in the F5 mRNA expression, actually it was significantly reduced. 

This was most likely due to the toxicity of doxorubicin at this dose, as was also observed in the 

cell viability experiments for the same cells.  

The doxorubicin-induced F5 mRNA expression has been reported in breast cancer cells by our 

research group previously, but has not been reporter otherwise. However, previous studies have 

shown multiple interactions of doxorubicin and the coagulation pathway. A study conducted 

by Woodley-Cook et al. (2006) reported that doxorubicin affected the haemostatic balance via 

downregulating the APC anticoagulant pathway in vascular ECs. The endothelial protein C 

receptor (EPCR) and thrombomodulin are two endothelial cell surface receptors required for 

the conversion of protein C to APC. Under doxorubicin treatment, they observed a decrease in 

EPCR mRNA levels, and an increase of thrombomodulin mRNA levels. These effects resulted 
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in decreased conversion of protein C to APC. Because FV is an important cofactor to APC in 

the inactivation of FVa, reduced APC as a result of doxorubicin could result in decreased 

inactivation of FVa and increased coagulation in patients which may the result of the increased 

F5 mRNA levels seen in this thesis.  

In addition, Tang et al. (2007) have shown that doxorubicin-induced apoptosis was inhibited 

by TF overexpression through the interaction of FVII and TF activating the downstream 

PI3K/Akt pathway in glioblastomas. Thus, suggesting a role of TF in chemotherapy resistance 

(Tang et al. 2007).  Doxorubicin has also been seen to increase TF activity, while the TF mRNA 

expression (unlike the F5 mRNA expression in our studies) was slightly downregulated 

(Swystun et al. 2009).  

The Huh7 and HepG2 cells differ in their p53 activity, where Huh7 is documented to be p53 

mutant, and HepG2 p53 wild type. A distinct increase of F5 expression was only shown in 

HepG2, and none in Huh7, which also have been observed in previous experiments done by 

our research group in breast cancer cell lines as well. Doxorubicin has been shown to induce 

cell death through the p53 pathway (Sun et al. 2016), and thus it was interesting that no F5 is 

induced by doxorubicin in the p53 mutant Huh7 cell line. These results may indicate that the 

action of p53 is involved in doxorubicin induced F5 mRNA expression. 

Based on the possible relationship between the p53 status and induced F5 expression under 

doxorubicin treatment, it was also interesting to directly test if p53 was involved in this 

mechanism in HepG2 cells. This was done by inhibiting p53 by pifithrin in cells treated with 

doxorubicin. The results from the experiments revealed stimulated F5 expression even after 

inhibition of p53 which suggests that the induced F5 expression observed under doxorubicin 

treatment is not through the actions of p53, and because doxorubicin functions by inducing 

activation of p53 to induce the cell apoptosis (Wang et al.  2004), there is no reason to believe 

a connection between FV activity and doxorubicin in relation to apoptotic action. In addition, 

FV knockdown in cells treated with doxorubicin showed no differences in cell proliferation 

(results not shown), which may point to the fact that doxorubicin does not interact with the cells 

via FV. However, before concluding this, further studies should be done. For example, one 

could study the effect of doxorubicin directly on apoptosis in the cells under FV knockdown to 

establish if doxorubicin actually interacts with FV in liver cancer or not. 
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Although no real effect was seen to be due to p53, cells treated with dimethyl sulfoxide (DMSO) 

and doxorubicin showed a reduced F5 expression compared to the p53 inhibited cells and cells 

only treated with doxorubicin. These results were surprising because it was expected that they 

would exhibit the same expression as observed in cells treated with doxorubicin only. DMSO 

is usually used to solubilize poorly soluble drugs, like pifithrin (Da Violante et al. 2002). 

However, treatment of cells by DMSO has been reported to substantially alter the morphology 

of cells, and also significantly reduce the cell viability in a dose-dependent matter (Pal et al. 

2012). In addition, Pal et al. (2012) showed that DMSO exposure not only affected the 

phenotypic characteristics of the cells, but also induced significant alterations in gene 

expression, protein content and functionality of the cells studied. And so, the results seen of F5 

expression in the DMSO treated cells could be a result of toxicity from the DMSO itself, due 

to a higher concentration than what was tolerated of the cells, which may have interfered with 

our results.  

Together, our results from this thesis showed a liver cancer time- and dosage-dependent 

sensitivity to doxorubicin. F5 mRNA expression seemed to be induced in the p53 wild type cell 

line HepG2, which could be an effect of documented APC decrease and thrombin increase as a 

result of the treatment and indicating a role of FV as a coagulation-activation in doxorubicin 

patients. However, further studies revealed that the FV induced expression had no interaction 

with p53, and the cell proliferation under FV knockdown showed no difference when compared 

to control cells, we then have no evidence for a clear interaction between doxorubicin effects 

and FV expression in liver cancer.  
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6. CONCLUSION 
 
In this thesis, our aim was to better understand the functional role of FV in liver cancer by 

investigating functional effects under FV knockdown, and possible molecular mechanisms in 

vitro. An optimized in vitro FV knockdown cell model was obtained after transfection using F5 

27mer siRNAs in the Huh7 and HepG2 cell lines, and showed a highly effective FV knockdown 

at both the mRNA and the protein level to use in the functional assays of the thesis. A stable 

FV knockdown model was also created, but unfortunately cells with FV knockdown died during 

selection. Although no significant effects were observed for FV in liver cancer cell growth in 

the transient FV knockdown model, experiments on apoptosis and migration revealed 

oncogenic characteristics of FV in both liver cancer cell lines. However, these results contradict 

the ones documented of FV in breast cancer by our research group previously, suggesting a 

tumor supressing role.  

To establish what possible molecular mechanisms could be the cause of the observed FV 

effects, cancer-related signalling pathways were investigated. The JNK and Wnt signalling 

pathways were determined as most affected by FV in Huh7 cells. Yet, an assay of the effect of 

JNK on apoptosis did not reveal any significant differences, making us believe there might be 

other possible ways FV affects liver cancer apoptosis and migration. Studies done on the effects 

of APC and TF on different cancers was in accordance to the effects we observed of FV in liver 

cancer, and because of the interactions they have with FV in the coagulation pathway, it seems 

that FV may be exhibiting the same tumor-inducing effects either via a specific pathway or by 

adhesion of a specific molecule. TFPI is also highly interactive with FV, and TFPI in breast 

cancer revealed a tumor suppressing activity that may be compensational for FV’s effects. 

Nevertheless, studies have shown central roles of the coagulation system, specifically TF, in 

liver cancer progression and survival. Thus, in order to confirm the coagulation-independent 

role of FV, further possible mechanisms of FV’s effects in connection with some of these 

factors and proteins should be studied to establish this relationship.   

Our aim for this thesis was also to study the sensitivity of doxorubicin treatment on the cell 

lines and the possible effect doxorubicin could have on FV. Both cell lines were established to 

be doxorubicin-sensitive in a dose- and time-dependent matter. In HepG2 cells, the doxorubicin 

treatment also revealed an induced F5 mRNA expression, but showed no interaction with the 

p53-induced apoptosis in doxorubicin, and FV had no effect on cell proliferation under 
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doxorubicin treatment. Thus, evidence point to no clear interaction between doxorubicin and 

FV expression in liver cancer. 
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8. APPENDIX 
 

Appendix A 
Appendix A contains tables of instruments, software, kits, reagents and disposables used in 

this study. 

 

 

Table A1 – Instruments and suppliers 
Instrument Supplier 

ABI 3730 DNA Analyser Applied Biosystems 

Applied BiosystemsTM QuantStudioTM 12K Flex Real-Time 
System Thermo Scientific 

FormaTM 370 Steri-CycleTM CO2 Incubator Thermo Scientific 

NanoDrop® ND-1000 Thermo Scientific 

Nikon Eclipse TE 300 Nikon 

Nikon Eclipse Ts2-FL Nikon 

NucleoCounter® NC-100TM ChemoMetec A/S 

Synergy H1 Microplate Reader  BioTek Instruments, Inc.  

Steri-Cycle CO2 Incubator Thermo Electron 
Corporation 

VeritiTM 96 well Thermal Cycler Applied Biosystems 

VersaMaxTM Microplate Reader Molecular Devices 

QuantaStudio 12k Flex Thermo Fisher  

 
 
 
Table A2 – Software and suppliers 

Software Supplier 

CleanSEQ® for BioMek® FX v.2.74 Agencourt® 

Gen5 micorplate Reader and Imager Software BioTek Instruments, Inc. 

ImageQuantTM TL 1D v8.1 GE Healthcare Life 
Sciences 

Sequence Scanner Software 2.0 Applied Biosystems 

SoftMax® Pro 6.4 Molecular Devices 
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Table A3 – Disposables and suppliers. 
Disposables Supplier 

Culture-Insert 2-Well μ-Dishes Ibidi 

Microcellulose Membranes, 0,2 μm Bio-Rad 

Microplate, 96 well, half area, μclear®, white, med. Binding Greiner bio-one GmbH 

Mini-PROTEAN® TGXTM Gels, 10%, 10-well comb, 50μl Bio-Rad 

NuncTM Cell Culture Treated Multidishes (96, 12, and 6-well) Thermo Scientific 

NucleoCassetteTM ChemoMetec A/S 

 

 

Table A4 – Kits, suppliers and catalogue numbers. 
Kit Supplier Catalogue number 

BigDye®Terminator v3.1 Cycle Seqeuncing 
Kit 

Applied Biosystems, 
Foster City, USA 4337455 

Cancer 10-pathway Reporter Luciferase Kit 
QIAGEN, Alameda, 
CA, USA 301005 

Cell Death Detection ELISAPLUS Kit 
Roche Applied 
Science, IN, USA 11774425001 

Dual-Luciferase® Reporter Assay System 
Promega, Madison, 
Wi, USA E1960 

ECLTM Prime Western Blotting Detection 
Reagent 

GE Healthcare, 
Buckinghamshire, 
UK 

RPN2232 

High Capacity cDNA Reverse Transcription 
Kit, 1000 reactions 

Applied 
Biosystems® 4368813 

MycoAlertTM Mycoplasma Detection Kit 
Lonza, Walkersville, 
Inc., Verviers, 
Belgium 

LT07 

PierceTM BCA Protein Assay Kit  
Thermo Fisher 
Scientific, Waltham, 
MA, USA 

23225 

RNAqueous® Total RNA Isolation Kit 
Thermo Fisher 
Scientific, Waltham, 
MA, USA 

AM1912 

ZymoPURETM Plasmid Maxiprep Kit 
Zymo Research, 
Irvine, CA, USA D4202 & D4203 

Zyumtest Factor V ELISA Kit 
Hyphen-BioMed, 
Neuville-sur-Oise, 
France 

RK009A 

ZyppyTM Plasmid Miniprep Kit 
Zymo Research, 
Irvine, CA, USA 

D4036, D4019 & 
D4037 
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Table A5 – Chemicals, reagents, suppliers and catalogue numbers. 
Chemicals  Supplier Catalogue number 

AmershamTM ECL Prime Western Blotting 
Detection Reagents  

GE Healthcare, 
Buckinghamshire, UK RPN2232 

Ampicillin, Sodium Salt 
Calbiochem® 

171254 

Bovine Serum Albumin 
Sigma-Aldrich® 

A7906-100G 

Cell proliferation reagent WST-1 
I Sigma-Aldrich® 

11644807001 

Dulbecco’s phosphate-buffered Saline (DPBS) 
Thermo Fisher 
Scientific A7906-100G 

Dulbecco’s Modified Eagle Medium (DMEM) 
Lonza, Verviers, 
Belgium  

GelRed Nucleic Acid Gel Stain 
VWR, Oslo, Norway 

730-2958 

Generuler DNA Ladder Mix 
Thermo Fisher 
Scientific SM0331 

HaltTM Protease & Phosphatase Inhibitor cocktail 
(100x) 

Thermo Fisher 
Scientific 1861281 

Lipofectamine®RNAiMAX 
Invitrogenm Carslbad, 
CA, USA 13778150 

Methanol 
Gibco by Life 
Technologies 14190-094 

OPTI-MEM®  
Gibco by Life 
Technologies 31985-062 

Precision Plus ProteinTM Dual Xtra Standards  
BioRad, CA, USA 

161-0374 

Reagent A100 Lysis buffer 
Chemometec, Allerød, 
Denmark 910-0003 

Reagent B Stabilizing buffer 
Chemometec, Allerød, 
Denmark 910-0002 

Restriction enzyme BglII 
Fermentas, Vilnius, 
Lithuania FD0083 

Restriction enzyme BstX1 
Fermentas, Vilnius, 
Lithuania FD1024 

RIPA Buffer 
Sigma-Aldrich, St. 
Louis, USA R0278 

Seakem® LE Agarose 
Lonza, Rockland, USA 

50004 

S.O.C Medium 
Invitrogen, Carlsbad, 
CA, USA 1749148 

Taqman® Gene Expression Master Mix 
Applied Biosystems, 
Foster City, USA 4369016 

TBE Electrophoresis buffer (10X) 
Fermentas, Vilnius, 
Lithuania 5B2 

Trizma® base 
Sigma-Aldrich®, St. 
Louis, USA T1503-1KG 



   

 94 
 

 

Trypsin-EDTA (0.05%) 
Thermo Fisher 
Scientific 25300054 

Tween® 20 viscous liquid 
Sigma-Aldrich® 

P1379 

10X Fast Digest Buffer 
Fermentas, Vilnius, 
Lithuania B64 

10x TBS 
Bio-Rad 

170-6435 

 
 

Table A6 – Primary and secondary antibodies used in Western Blotting  
 Name Catalogue Number# Supplier 
Primary Antibody GAPDH Loading Control TA802519 OriGene 

Anti-Human Factor V  AHV-5146 
Haematologic 
Technologies 
Inc. 

Secondary Antibody Phospho-SAPK/JNK 
(Thr183/Tyr185)  9251 

Cell 
Signaling 
Technology 

Polyclonal Goat Anti-Rabbit 
Immunoglobin /HRP  P0448 DAKO 

Polyclonal Goat Anti-Mouse 
Immunoglobin /HRP  P0447 DAKO 
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Appendix B 
Appendix B  contains standard curves of albumin and FV  concentrations used in this study.  

Figure 1B: Standard curve displaying albumin concentration (mg/mL) at 570nm absorbance. The 
standard curve was used for measuring total protein levels in cell lysates from Huh7 and HepG2 cells.  
 
 
 

Figure 2B: Standard curve displaying FV concentrations in % at 450nm absorbance. The standard 
curve was used for measuring FV amount in unknown samples from FV ELISA in Huh7 and HepG2 cells. 
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Appendix C 
This section of the appendix contains primers and sequences for shRNA oligos used in this 

thesis.  

 

 

Table C1 – Taqman assays used in qRT PCR  
Taqman Assay Name Sequence (5’→3’) 

PMM1 PMM1-80 
Forward Primer CCGGCTCGCCAGAAAATT 

PMM1-149 
Reverse primer CGATCTGCACTCTACTTCGTAGCT 

PMM1-99 Probe ACCCTGAGGTGGCCGCCTTCC 

GAPDH  TaqMan assay 
Hs99999905_m1 - 

FV 250rx 
TaMan Gene 
Expression assay 
Hs00914120_m1 

- 

 

 

Table C2 – F5 sequencing primers used in verification of F5 shRNA plasmid DNA sequence 
Name Direction Sequence (5’→3’) 

pSiRPG vector 
Forward primer GTCTCTCCCCCTTGAACCTC 

Reverse primer GGGGAACTTCCTGACTAGGG 

 

 

Table C3 – F5 oligo sequences used in annealing shRNA before cloning into the pSiRPG 
vector 

Name Direction Sequence (5’→3’) 

FV-shRNA #SR301500B 
Sense CTTCCATGAATTCTAGTCCAAGAAG 

Antisense CTTCTTGGACTAGAATTCATGGAAG 

FV-shRNA #SR301500C 
Sense GGCTGTGATATTTACTAGAATTGAA 

Antisense TTCAATTCTAGTAAATATCACAGCC 

FV-shRNA scrambled 
#SR301500B control 

Sense GAAACTTCCTAACGTCGCTGTATAA 

Antisense TTATACAGCGACGTTAGGAAGTTTC 
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Appendix D  
This section of the appendix contains recipes for solutions used in the thesis  

 
Blotting buffer (Western blotting) 
3 g Trizma base  
14.4 g glycine 
100 mL methanol 
900 mL MQ-H2O 
 
Lysogeny broth (LB) medium 
10 g tryptone 
10 g NaCl 
5 g yeast extract  
900 mL MQ-H2O 
pH adjusted to 7.0 with 12 M HCl 
Volume adjusted to 1 L using MQ-H2O and autoclaved  
 
Primary antibody solution 
1 mL 5% BSA  
4 mL TBST 
Antibody (1:1000) 
 
Running buffer/1X TGS buffer (Western blotting) 
100 mL 10x TGS (Tris/Glycine/SDS) 
900mL MQ-H2O 
 
RIPA lysis buffer with inhibitor cocktail 
1x RIPA buffer 
1:100 100x HaltTM Protease & Phosphatase Inhibitor cocktail 
 
 
Secondary antibody solution 
4.8 mL TBST 1X 
0.2 mL 5% Magermilchpulver 
Antibody (1:1000) 
 
 
1X TBST (Western blotting) 
100 mL TBS 10X 
900 mL H2O 
1 mL Tween® 20 
 
10X TBS (Western blotting) 
24.23 g Trizma® base 
80.06 g NaCl 
H2O to 1L  
 
1% Agarose Gel 
0.75 g Seakem® LE Agarose 
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50 mL 1X TBE Electrophoresis buffer 
Boil for 30 sec, then add 5 ul GelRed Nucleic Acid Gel Stain 
 
5% Bovine serum albumin (BSA, Western Blotting) 
2.5 g Bovine serum albumin  
50 mL TBST 
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