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Abstract  

Background: The connection between cancer and increased risk of thrombosis is well 

established and liver cancer (HCC) patients have been found to have an increased risk of 

thrombosis. microRNAs (miRNA) are post-transcriptional gene regulators and their 

dysregulation have been linked to both HCC progression and thrombosis. Coagulation 

factor V (FV encoded by F5 gene) and Tissue Factor Pathway Inhibitor (TFPI encoded by 

TFPI-1 gene) have both been linked to cancer progression, with their specific roles in liver 

cancer yet to be determined. The proteins have also been found to interact in plasma in both 

healthy and diseased individuals. Until now, two miRNAs have been identified as 

regulators of TFPI, while none have been identified for FV. Thus, this thesis aimed to 

identify novel miRNA regulators for FV and TFPI and assess their potential prognostic 

implications in liver cancer.  

Methods: In silico selection of candidate miRNAs: miRNAs targeting F5 3’untranslated 

region (UTR) and TFPI 3’UTR were identified using computational analysis. miRNAs 

with negative correlation to F5 expression in a breast cancer cohort (OsloII study) were 

also included in this study. In vitro analysis of miRNAs: Transient overexpression and 

inhibition of the respective miRNAs was achieved by transfection of miRNA mimics and 

inhibitors. Direct targeting of F5 3’UTR was determined by luciferase reporter assay in 

HEK293T cells. The effect of overexpression of the miRNAs on endogenous F5 and TFPI 

mRNA levels were determined by qRT-PCR and on secreted FV and TFPID protein levels 

by ELISA in HepG2 cells. Functional effects of overexpression of the miRNAs on 

apoptosis and viability were determined with an ELISA cell death detection kit and Wst-1 

assay, respectively. Clinical significance of the miRNAs was assessed by analysing their 

expression levels correlated with outcome in liver cancer patients using Kaplan-Meier 

survival analysis. Expression analysis of miRNAs in tumour versus healthy liver tissue 

were performed in KM plotter.  

Results: Computational analysis of F5 3’UTR identified binding sites for 12 miRNAs. Out 

of these, eight had additional bindings sites in TFPI 3’UTR. In addition, seven miRNAs 

negatively correlated with F5 in breast cancer cohort (OsloII cohort) were identified with 

predicted binding sites in 3’UTR of both genes. In total, 19 miRNAs were selected for 

validation in this study. We found six miRNAs (miR-323a-3p, miR-568, miR-643, miR-

651-3p, miR-1236-3p and miR-1278) that directly targeted the F5 3’UTR and significantly 
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downregulated F5 mRNA and FV protein level in HepG2 cells. We also found one miRNA 

(miR-7-5p) that downregulated TFPID mRNA and TFPID protein level in HepG2 cells.  

All seven validated miRNAs impaired proliferation of HepG2 cells. Inhibition of miR-568 

significantly increased the proliferation. Overexpression of miR-7-5p, miR-323a-3p and 

miR-1236-3p promoted apoptosis. High expression of miR-568, miR-643, miR-651-3p, 

miR-1236-3p and miR-1278 was associated with a significant increased estimated survival 

time in liver cancer patients. Conversely, low miR-7-5p and miR-323a-3p was associated 

with significantly increased survival time in liver cancer patients.  

Conclusion: This study demonstrated that FV expression is directly regulated by six 

miRNAs in liver cancer. In addition, we also demonstrate that TFPID expression is directly 

regulated by miR-7-5p in liver cancer. Future studies are necessary to further investigate 

the potential consequences of dysregulation of these miRNAs in relation to both the 

procoagulant state induced by HCC cells and liver cancer progression.  
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Sammendrag  

Bakgrunn: Sammenhengen mellom kreft og en økt risiko for å utvikle tromboembolisk 

sykdom er veletablert og det er vist at leverkreftpasienter (HCC) har en økt risiko for å få 

tromboser. MicroRNA (miRNA) er post-transkripsjonelle genregulatorer og deres 

feilregulering har blitt knyttet til både progresjon av HCC og trombose. Koagulasjonsfaktor 

V (F5 genet koder for FV) og Tissue Factor Pathway Inhibitor (TFPI-1 genet koder for 

TFPI) har begge blitt knyttet til kreftprogresjon, mens deres spesifikke rolle ved leverkreft 

enda ikke har blitt fullstendig kartlagt. Proteinene har også blitt funnet å interagere i plasma 

hos både friske og syke individer. Inntil nå har bare to miRNA blitt identifisert som 

regulatorer av TFPID, mens ingen har blitt funnet for FV. Dermed var målet for denne 

oppgaven å identifisere miRNA som regulerer FV og TFPI, og vurdere deres potensielle 

prognostiske betydning ved leverkreft. 

Metode: In silico valg av miRNA-kandidater: miRNA som binder til F5 3’ikke translatert 

region (UTR) og TFPI 3’UTR ble identifisert ved bruk av beregningsanalyse. miRNA som 

var negativt korrelert med F5 ekspresjon i en brystkreft kohort (OsloII) ble også inkludert 

i denne studien. In vitro analyse av miRNA: forbigående overekspresjon og inhibering av 

de respektive miRNAene ble oppnådd ved transfeksjon av miRNA etterligninger og 

inhibitorer. Direkte binding av F5 3’UTR ble bestemt vha luciferase reporter analyse i 

HEK293T celler. Effekten av overekspresjon av miRNA på endogene F5 og TFPI mRNA-

nivåer ble bestemt med qRT-PCR og nivået av utskilt FV og TFPID protein ble målt vha 

ELISA i HepG2 celler. Den funksjonelle effekten av overekspresjon av miRNAene på 

apoptose og levedyktighet ble bestemt med, henholdsvis, ELISA celledøddeteksjonssett og 

WST-1 analyse. miRNAenes kliniske signifikans ble evaluert ved å analysere deres 

ekskresjonsnivå sammenlignet med utfall hos leverkreft-pasienter ved bruk av Kaplan-

Meier overlevelsesanalyse. Ekspresjonsanalyse av miRNAene i tumor- versus friskt 

levervev ble utført i KM plotter.  

Resultater: Beregningsanalyse av F5 3’UTR identifiserte 12 miRNA- bindingssteder . Åtte 

av disse hadde i tillegg bindingssteder på TFPI 3’UTR. I tillegg ble det på begge geners 

3’UTR identifisert bindingssteder for syv miRNA som var negativ korrelert med F5 i en 

brystkreftkohort (OsloII kohort). Totalt ble 19 miRNA valgt for videre validering i denne 

studien. Det ble funnet seks miRNA (miR-323a-3p, miR-568, miR-643, miR-651-3p, miR-

1236-3p and miR-1278) som bandt til F5 3’UTR og nedregulerte F5 mRNAet og FV 
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proteinnivået i HepG2 celler betydelig. I tillegg fant vi en miRNA (miR-7-5p) som 

nedregulerte TFPID mRNA og TFPID proteinnivået i HepG2 celler. Alle de syv validerte 

miRNAene hindret proliferasjon av HepG2 celler. Inhibering av miR-568 førte til en 

betydelig økning i proliferasjon. Overekspresjon av miR-7-5p, miR-323a-3p og miR-1236-

3p fremmet apoptose i HepG2 celler. Høy miR-568, miR-643, miR-651-3p, miR-1236-3p 

og miR-1278 ekspresjon ble assosiert med økt estimert overlevelsestid hos pasienter med 

leverkreft, mens lav miR-7-5p og miR-323a-3p ekspresjon ble assosiert med det samme 

hos pasienter med leverkreft.  

Konklusjon: Denne studien demonstrerte av FV ekspresjon ved leverkreft blir direkte 

regulert av seks miRNAer. I tillegg ble det vist at TFPID-ekspresjon ved leverkreft blir 

direkte regulert av miR-7-5p. Fremtidige studier er nødvendig for videre kartlegging av 

potensielle konsekvenser av disse miRNAenes feilregulering, både i forhold til HCC-

cellenes prokoagulative rolle og progresjonen av leverkreft.  
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1 Introduction  
1.1 Cancer and coagulation  

1.1.1 Cancer  

Development of cancer is caused by a combination of mutations in the genome and 

environmental factors. The accumulation of gene mutations throughout life are caused by 

exposure to genotoxic agents as well as natural errors occurring during cell replications. 

The malignant phenotype of the cells is the result of a collaborative effect of thousands of 

mutations and it is the environmental context of the cells that determines whether these 

cells progress to initiate clinical cancers. Cancer cells exhibit a loss of growth control, 

forming a primary tumour and turning into a malignant tumour when the cells invade the 

cells around them. Malignant tumours may use the blood vessels and lymph system to 

spread and invade new tissues and thereby initiate metastasis. Metastasis, rather than the 

primary tumour, is the cause of 90% of the cancer deaths (Alberts et al., 2015; Holly et al., 

2019)   

1.1.1.1 Liver cancer  

Primary liver cancer is the sixth most common cancer (new cases each year) and the second 

leading cause of cancer related deaths worldwide (World Cancer Research Fund, 2018). 

Hepatocellular carcinoma (HCC) constitutes approximately 90% of all primary liver cancer 

cases. HCC is classified using the Barcelona Clinic Liver Cancer (BCLC) staging system. 

There are three main stages: Early (A), Intermediate (B) and Advanced (C) stage. Patients 

with an early stage diagnosis (~40-50% of the patients) can be treated by resection, 

transplantation or local ablation, which increases the median survival rate (MSR) from ~36 

months to more than 60 months. Intermediate stage (B) HCC patients have retained liver 

function and benefit from treatment with chemoembolization with an estimated MSR of 

~26 months. Patients diagnosed with advanced stage (C) HCC have generally had a very 

low survival rate of less than 8 months. However, in the last few years MSR for this group 

of patients has increased to ~11 months with the use of the multikinase inhibitor sorafenib. 

New drugs such as lenvatinib, regorafenib, cabozatinib and ramucirumab are in clinical 

trials and have demonstrated some improvement, though the MSR is still approximately 12 

months. Overall, HCC is a highly therapy resistant cancer, making it very difficult to treat 
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with generally very poor prognosis (Llovet et al., 1999; Llovet et al., 2016; Llovet et al., 

2018).  

1.1.2 Coagulation 

Coagulation (haemostasis) is the process in which blood changes from a liquid to a gel, 

forming a blood clot to stop bleeding after an injury. The process is tightly regulated by 

several inhibitors to stop unwanted thrombus (clot) formation (Palta et al., 2014). The 

coagulation process is regulated by a host of factors, which together end in the formation 

of the clot. The loss of some of these factors are the basis of several blood diseases. There 

have been several proposed models of the coagulation process, such as the 

waterfall/cascade models that emerged independently the same year (Davie & Ratnoff, 

1964; Macfarlane, 1964; McMichael, 2012). The traditional version of these models 

proposed that the clot formation occurred as a step-wise process in which the factors 

(enzymes) activate each other ending with formation of thrombin and eventually fibrin. 

The factors were part of the intrinsic pathway, intrinsic as being part of the blood, and 

believed to be independent of the extrinsic, tissue factor (TF), pathway. Even though these 

models enhanced the knowledge on coagulation in vitro, they did not fully explain the 

process in vivo (McMichael, 2012). Mann et al. (1992) proposed an alternative model, the 

cell-based model of coagulation.  

1.1.2.1 The Cell Based model  

The Cell-based model is divided into three consecutive phases, an initiation phase, an 

amplification phase, and a propagation phase. Initiation of coagulation is caused by the 

exposure of TF to the blood. TF factor is mainly expressed by cells, such as adventitial 

cells, smooth muscle cells, and keratinocytes, located outside the vasculature and is only 

exposed to the blood flow by an injury to the endothelial barrier (Smith, 2009). In the case 

of an injury, TF is exposed to the blood flow and binds to activated factor VII (FVIIa), 

forming the TF-FVIIa-complex. The TF-FVIIa-complex activates Factor IX (FIX) and X 

(FX) to factors FIXa and FXa. FXa cleaves small amounts of prothrombin into thrombin. 

However, the TF-FVIIa-FXa is rapidly inhibited by tissue factor pathway inhibitor (TFPI) 

and free FXa and thrombin are inhibited by anti-thrombin III (ATIII), ending the initiation 

phase (Hoffman & Monroe, 2001; Hoffman, 2003; Lu et al., 2004).  
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During amplification, thrombin acts as protease-activated receptors activating platelets, 

releasing the content of the D-granules, including factor V and VIII, to the surface of the 

platelets. Thrombin then cleaves FVIII from the von Willebrand factor (vWF) and activates 

FVIII, FV and FXI to FVIIIa, FVa and FXIa respectively (Hoffman, 2003; McMichael, 

2012).  

During the propagation phase, FVIIIa and FIXa assemble on the phospholipid surface of 

the platelets, creating the FVIIIa-FIXa “tenase” complex. Tenase activates FX into FXa, 

which then binds to the co-factor FVa on the platelet surface. The FXa-FVa 

“prothrombinase” complex cleaves prothrombin into thrombin at a high rate, generating a 

thrombin burst. Thrombin then binds and cleaves fibrinogen, creating fibrinopeptides A 

and B which polymerize and form protofibrils with surrounding fibrin molecules. These 

fibrin molecules then form the fibrin clot. FXIIIa, which is activated by thrombin, modifies 

the polymerized fibrin form cross links within the clot to stabilize it (Hoffman & Monroe, 

2001; Hoffman, 2003; Smith, 2009). 

 

Figure 1: Representation of the cell-based model of blood coagulation with its four stages; initiation, 
amplification, propagation and stabilization. Illustration adapted with modifications from Bittar et al. (2015).  

1.1.3 Cancer and thrombosis  

The connection between cancer and thrombosis is well established. Cancer patients have 

an increased risk of thrombosis, in fact thrombotic events are the second leading cause of 

death after cancer itself (Khalil et al., 2015). Further, cancer patients diagnosed with venous 

thromboembolism (VTE) have a 2.2-fold higher mortality rate compared to patients 

without VTE (Khorana et al., 2007; Sorensen et al., 2000). Moreover, thrombotic events 

may precede a clinical cancer diagnosis by weeks or even months (Falanga et al., 2013; 

VIIIa 
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Prandoni et al., 2005). The diagnosis and subsequent treatment of thrombosis causes major 

complications in essential cancer treatments and may cause excessive bleeding during 

surgery. Around 25% of the patients require readmission for bleeding after surgery or 

recurrence of VTE (Donnellan & Khorana, 2017). Patients with cancer are six times more 

likely to develop VTE than their non-cancer counterpart and account for more than 20% of 

all new cases of VTE. Furthermore, the treatment of the cancer has been seen to increase 

the risk of thrombosis, in fact sorafenib, an antiangiogenic agent used in treatment of 

advanced HCC, increases the risk for arterial thrombotic events (Donnellan & Khorana, 

2017; Khorana et al., 2008).  

1.1.4 Cancer progression and coagulation  

Cancer progression has been closely linked to activation of coagulation factors. Tumour 

cells contribute to the hypercoagulable state by producing procoagulant factors. 

Haemostatic alterations have been found in 60-100% of patients with malignant tumours. 

These changes are in part comprised of elevated levels of blood coagulation proteins, such 

as FV, FVIII, FIX and FX, and increased concentrations of fibrin/fibrinogen degradation 

products. Further, the tumour cells actively release TF into the blood stream through TF-

bearing microparticles (MPs). The MPs express phosphatidylserine on the surface, 

providing an anionic phospholipid surface on which to assemble the tenase and 

prothrombinase complexes, thereby increasing the coagulation (Ay et al., 2017; Falanga et 

al., 2013; Lima & Monteiro, 2013).  

1.1.5 Liver cancer and coagulation 

Patients diagnosed with HCC, as with other malignancies, have an increased risk of 

developing thrombotic complications as a result of the hypercoagubility caused by the 

tumour. Portal vein thrombosis (PVT) is the most common type of thrombosis in HCC 

patients and between 7.4% and 24% have been found with PVT within one year after HCC 

diagnosis. However, the risk of developing VTE as a result of HCC is only considered 

intermediate compared to other malignancies, like brain tumours and pancreatic cancer, 

with much higher incidence rates  (47% and 19.2%, respectively) (Donnellan & Khorana, 

2017; Zanetto et al., 2018; Zhou et al., 2011).  

The liver is responsible for the synthesis of most of the coagulation factors (i.e. TF, FV, 

FVII etc.) and regulatory proteins of the haemostatic control system. A derangement caused 
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by development of HCC might therefore result in the state of hypercoagubility observed. 

An increased level of TF has been found in plasma of HCC patients and is significantly 

associated with invasion, angiogenesis, staging and survival (Lin et al., 2016; Zanetto et 

al., 2018).  Similarly, increased concentration and polymerization of fibrinogen in HCC 

seems to be the main determinant of hypercoagubility and can also be used to distinguish 

between cirrhotic patients with and without malignancy. There is a lack of prospective 

studies that can elucidate which HCC patients carry an increased risk of developing 

thrombotic complications and given the high mortality rate associated with thrombosis this 

information is crucial (Zanetto et al., 2018). 

1.1.6 Coagulation factor V (FV) 

1.1.6.1 Structure, activation and function of FV  

Coagulation FV is a 330-kDa single-chain glycoprotein that is mainly produced by the liver 

and found in plasma and platelets. The 80-kb factor 5 (F5) gene (coding for the FV protein) 

is located on chromosome 1, which gives rise to a 6.8-kb mRNA (Mann & Kalafatis, 2003). 

FV is a multidomain (A1-A2-B-A3-C1-C2) pro-cofactor, that is part of haemostasis as both 

a procoagulant and anticoagulant cofactor (Figure 2) (Mann & Kalafatis, 2003; Nicolaes & 

Dahlback, 2002). Activated FV (FVa) is a procoagulant cofactor that, together with FXa, 

forms the prothrombinase complex which cleaves prothrombin into thrombin. 

Prothrombinase has an approximately 300,000-fold higher rate of thrombin formation than 

FXa alone (Mann & Kalafatis, 2003; Nesheim et al., 1979). FV is activated by a 

combination of proteases; thrombin, FXa, and plasmin. Thrombin is responsible for the 

most significant cleavage; the complete removal of the B-domain. FVa is left with one 

heavy chain (A1-A2) and one light chain (A3-C1-C2) which, with the use of Ca2+, forms a 

non-covalent complex (Mann & Kalafatis, 2003; Nicolaes & Dahlback, 2002).  
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Figure 2: Schematic illustration of the structure of the F5 gene: (A) The exons and introns of the F5 gene, 
exons are illustrated in the coloured boxes and introns are the lines between the boxes. (B) The FV domains 
A1, A2, B, A3, C1, and C2 are coloured according to the exons they are translated form. Cleavage site wit 
amino acid number for procoagulant (top) and anticoagulant (bottom) functions of FV are indicated (green 
represents activation and red inactivation) (Asselta et al., 2006). 

FV is regulated by a negative feedback-loop. In the presence of thrombomodulin, thrombin 

cleaves protein C into activated protein C (APC). With the help of the B-domain, single-

chain FV works as co-factor for APC, by activating and creating the APC/protein S 

complex (APC/S). The APC/S complex cleaves and inactivates FVIIIa and FVa, rapidly 

reducing the production of FXa and thrombin by inactivating the tenase and 

prothrombinase complexes (Dahlback, 2016; Mann & Kalafatis, 2003; Thorelli et al., 

1999).  

1.1.6.2 The role of FV in disease 

Considering FVs dual role in haemostasis; genetic or acquired defects and deficiencies may 

cause haemorrhagic or thrombotic incidents.  

FV deficiency is a rare bleeding disorder, where lack of FV or dysfunctional FV causes the 

development of antibody inhibitors resulting in excessive bleeding due to a blocked blood 

clotting reaction (Knöbl & Lechner, 1998). In the liver, FV was found to be the best 

prognostic indicator of fulminant hepatic failure (FHF), with lower FV levels associated 

with lower survival rates (Bernuau et al., 1986; Izumi et al., 1996).  
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Factor V Leiden (FVL) thrombophilia is an inherited blood clotting disorder. The disease 

is caused by a guanine to adenine substitution which changes the translated amino acid 

from arginine (Arg506) to glutamine. Arg506 is one of the cleaving sites used by APC to 

inactivate FVa, and the mutation results in poor anti-coagulant response to APC and an 

increased risk of thrombosis (Martinelli et al., 1996; Zoller et al., 1996). The heterozygous 

variant is found in 3-8% of people of European ancestry, while 1 in 5000 are homozygous. 

People with FVL thrombophilia have a greater than average risk of developing deep vein 

thrombosis (DVT). However, the chance of DVT development is dependent on the person 

having one or two copies of the mutation (Genetics Home Research, 2019)  

Beyond its role in coagulation, Liang et al. (2015) found that FV has a role in APC 

modulated anti-inflammatory cell signalling, using a sepsis model in mice. FV, cleaved at 

Arg506 by APC, is a cofactor together with protein S (PS) in APC modulated anti-

inflammatory responses. FV-PS-APC complex destabilizes the TF-FVIIa-Xa complex 

leading to the inhibition of EPCR dependent PAR2 inflammatory signalling (Liang et al., 

2015).  

Additional to its involvement in coagulation and inflammation, FV has alternative roles in 

malignant cells. A study done on FVL found that homozygous carriers had an increased 

risk of colorectal cancer (Vossen et al., 2011). VanDeWater et al. (1985) found that FVa 

is bound to the plasma membrane together with calcium to generate the enzyme 

prothrombinase in tumour cells. Furthermore, in a study of the coagulation mechanisms, 

FV was found present in the perivascular and intercellular areas of colon cancer tumours 

(Witkowski et al., 2016). A more recent study by Tinholt et al. (2014) found an association 

between certain F5 SNPs and breast cancer. An association study performed on a breast 

cancer cohort and three breast cancer datasets further revealed an increased expression of 

F5 in aggressive breast cancer subtypes. This was proposed as a possible marker of 

aggressive breast cancer, but also of favourable outcome for patients (Tinholt et al., 2018). 

1.1.6.3 The role of FV in liver cancer  

As mentioned above, FV is synthesized in the liver and thus highly expressed there. An 

expression profile plot was created using the web-application GEPIA2 to study the gene 

expression of F5 across all tumour samples and paired normal samples (Figure 3) (Tang et 

al., 2017). As expected, F5 expression was much higher in liver tissue (LIHC) compared 
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to most of the other tissues. Further, a significant difference in expression in normal liver 

tissue versus tumour tissue was apparent. The increased F5 expression was also 

considerable in pancreas-, prostate- and stomach cancer. When the three stages of HCC 

(Figure 4) were compared to normal liver tissue, F5 was also higher expressed in the more 

aggressive stages.  

 

Figure 3: The Bars represent the median F5 expression in certain tumour types (red) with corresponding 
normal tissue (black). Derived from TCGA data using the GEPIA2 web application (Skogstrøm 
(unpublished), 2019; (Tang et al., 2017).  

  

 

Figure 4: Median F5 expression in normal liver, n = 160, (black) and liver hepatocellular carcinoma (LIHC) 
cells (red) divided into the three stages (considered significant if: *P<0.05). Stage A = cluster_1 (n = 63), 
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Stage B = cluster_2 (n = 55) and stage C = cluster_3 (n = 63). Derived from TCGA data using the GEPIA2 
web application (Skogstrøm (unpublished), 2019; (Tang et al., 2017).  

A general search of “F5” or “coagulation FV” and “HCC” or “liver cancer”, yielded no 

results in either PubMed or Web of Knowledge. Nevertheless, a master thesis written by 

Cathrine McCoig in 2018 in our group studied the functional role of FV in liver cancer. 

McCoig (2018) found that knock-down of F5 expression in the liver cancer cell lines 

HepG2 and Huh7 promoted apoptosis and reduced migration (unpublished results), hinting 

at a possible oncogenic function of overexpressed FV in liver cancer. However, these in 

vitro findings contradict clinical analysis. High F5 expression has previously been 

associated with aggressive types of breast cancer, but also with positive outcome (Tinholt 

et al., 2018). Figure 4 shows the same trend, with higher F5 expression in more aggressive 

types of LIHC. In addition, high expression of F5 in liver cancer patients have a higher 

survival rate than those with low expression (Figure 5). Thus, the true role of F5 in HCC 

has yet to be determined.  

 

Figure 5: Kaplan-Meier survival plot with high and low expression of F5. Created with KMPlot.com on 
RNA-sequencing data (Skogstrøm, 2019 (unpublished); (©KMPlotter.com).  

1.1.7 Tissue factor pathway inhibitor (TFPI)  

The human tissue factor pathway inhibitor (TFPI) spans 91kb, is located at chromosome 2 

and is transcribed into 10 exons containing three Kunitz-type inhibitory domains (K1-3), a 

positively charged C-terminal and Glycosylphosphatidylinositol (GPI) anchor. Alternative 
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splicing of the pre-mRNA gives rise to three alternative isoforms; TFPID, TFPIE and TFPIG 

(Broze & Girard, 2013). Though the latter isoform is listed at NCBI Gene Bank 

(AB209866.1), it has yet to been found to translate into a functional protein and will 

therefore not be discussed further (Maroney et al., 2010). TFPID and TFPIE are the two 

major isoforms. Common for both isoforms are the K1 and K2 domains and the N-terminal. 

In addition, TFPID contains the K3 domain and the highly basic C-terminal, while TFPIE 

contains the GDP-anchor (Wood et al., 2014).  

Endothelial cells and megakaryocytes are the main producers of TFPI, but smaller amounts 

are also produced by other cell types such as monocytes and smooth muscle cells (Wood 

et al., 2014). Because TFPIE contains the GPI-anchor, it is found bound to the endothelium 

(Girard et al., 2012), and often in association with caveolae which enhances the anti-TF 

activity (Lupu et al., 1997; Lupu et al., 2005). A large quantity of TFPID produced is 

secreted and circulates in the blood stream, while only a small part is found anchored to the 

membrane surface. To bind to the surface, TFPID uses its K3 domain to bind PS located on 

the membrane surface and increasing the inhibitory ability of TFPID (Wood et al., 2014).  

The main inhibitory function of TFPID and E is FXa dependent TF-FVIIa inhibition. The 

K1 and K2 domain bind and inhibit FVIIa and FXa, respectively. Immediately after FX 

activation, TFPI most likely inhibits both FXa and TF-FVII simultaneously by binding to 

the TF-FVIIa-FXa ternary complex (Baugh et al., 1998; Wood et al., 2014). Further, the 

K2 domain binding to the active site of FXa is possibly the rate-limiting step (Warn-Cramer 

et al., 1988). 
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Figure 6: Structure of the TFPI protein. TFPID (left) and TFPIE (right). Illustration from Wood et al. (2014)  

 

1.1.8 TFPI and Cancer  

Several studies indicate that TFPI plays a role in cancer development. Lindahl et al. (1989) 

was first to report that TFPI activity increased in parallel with the progression of gastro-

intestinal cancer, while anti-thrombin and protein C decreased. A similar effect was also 

observed in pancreatic patients (Lindahl et al., 1992). Iversen et al. (1998) found that 

patient with solid tumours had an increased level of plasma TFPI. Further, TFPI expression 

was found in cancer tissues and cell lines, such as breast, colon, liver and pancreas cell 

lines (Broze & Miletich, 1987; Kurer, 2007; Sierko et al., 2010). Injection of full length 

TFPI was found to reduce lung metastasis (Amirkhosravi et al., 2002) and injection of 

recombinant TFPI (rTFPI) inhibited both primary and metastatic tumour growth in mice 

(Hembrough et al., 2003). A study by Hembrough et al. (2004), showed that C-terminal 

TFPI peptide inhibited angiogenesis both in vitro in endothelial cells and in vivo in mice. 

Full length rTFPI was also found to inhibit migration of human gastric cancer cells (Di et 

al., 2010). Furthermore, Stavik et al. (2010) reported that overexpression of TFPID and 

TFPIE led to inhibition of proliferation and induced apoptosis in breast cancer cells. 

Overexpression also led to changes in the expression of mRNA and miRNAs involved in 

immunological response and cancer cell growth, these changes might have been affected 

through the epidermal growth factor receptor (EGFR) pathway (Stavik et al., 2012). 

Correspondingly, down-regulation of TFPI in breast cancer cells increased self-sufficient 

growth and inhibited apoptosis (Stavik et al., 2011). 
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1.1.9 TFPI and Liver cancer  

As mentioned, TFPI is produced by several cell types, including liver cells. Figure 7 

illustrates the expression of TFPI in several malignancies in cancer and normal tissue. TFPI 

expression was increased in liver cancer compared to normal liver tissue and this was also 

the case for kidney cancers. In contrast, the expression level was reduced considerably in 

other malignancies, and lung cancer with the largest reduction.  When the three stages of 

HCC (Figure 8) were compared to normal liver tissue, TFPI was also higher expressed in 

the most aggressive subtype, Stage C HCC. As illustrated in Figure 9, an increased 

expression of TFPI did not significantly alter the overall survival rate for patients with 

HCC.  

 

Figure 7: The Bars represent the median TFPI expression in certain tumour types (red) with corresponding 
normal tissue (black). Derived from TCGA data using the GEPIA2 web application (Skogstrøm 
(unpublished), 2019; (Tang et al., 2017).  
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Figure 8: TFPI expression in normal liver, n = 160, (black) and liver hepatocellular carcinoma (LIHC) cells 
divided into the three stages(red). Stage A = cluster_1 (n = 63), Stage B = cluster_2 (n = 55) and stage C = 
cluster_3 (n = 63). Derived from TCGA data using the GEPIA2 web application (Skogstrøm (unpublished), 
2019; (Tang et al., 2017). 

 

 

Figure 9: Kaplan-Meier survival plot with high and low expression of TFPI. Created with KMPlotter on 
RNA-sequencing data (Skogstrøm, 2019 (unpublished); (©KMPlotter.com). 
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1.1.9.1 FV and TFPI interaction   

FV and TFPID has been found to interact in several ways through the TFPID C-terminus. 

TFPID has a prothrombotic inhibitory function that is distinct from the TFPIE isoform and 

facilitated by binding FVa. The B-domain of FV has a basic and an acidic part, that is 

responsible for inhibiting binding of FXa. Proteolysis by FXa removes part of the B-

domain. If the acidic part remains, the basic TFPID C-terminal can bind to this area (Figure 

6, area in TFPID marked with yellow). This binding, combined with the interaction between 

FXa and K2-domain, allows TFPID to inhibit prothrombinase and thus the production of 

thrombin  (Wood et al., 2014). 

Duckers et al. (2008) proposed that TFPID modulated bleeding in FV-deficient patients. 

They found that patients deficient in FV were also deficient in TFPID. This dual deficiency 

allows for small amount of thrombin formation, protecting individuals from bleeding.  

Interaction between FV and TFPID contributes to the east Texas bleeding disorder. The 

disorder is caused by a FV mutation, resulting in alternative splicing of the mRNA that 

removes part of the FV B domain. This “FV-short” isoform retains the acidic region of the 

B-domain which, as mentioned earlier, binds the TFPID basic C-terminus. The interaction 

can result in a ~10-20-fold increase in circulating TFPID which will cause a moderate to 

severe bleeding disorder. Healthy individuals have been shown to have very low 

concentrations of FV-short and TFPID was shown to preferentially bind FV-short over full-

length FV. Thus, FV-short might be the primary form of plasma FV that interacts with 

TFPID (Dahlback et al., 2013; Kuang et al., 2001; Vincent et al., 2013). 

1.2 Regulation of gene-expression  

In healthy cells, gene expression is tightly controlled by several mechanisms, including 

transcription factors, post-transcriptional control, epigenetic regulators and stimuli (Alberts 

et al., 2015). 

An emerging major kind of regulators are the small-noncoding RNAs that carry out RNA 

interference (RNAi). There are three types of RNAi; small interfering RNAs (siRNAs), 

microRNAs (miRNAs) and piwi-interacting RNAs (piRNAs). All three types of RNAs 

generally locate their target mRNA by RNA-RNA base-pairing and cause a reduction of 
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gene expression. In this thesis, the focus will be on miRNAs ability to target and regulate 

F5 and TFPI gene expression in HCC (Alberts et al., 2015).  

1.2.1 microRNA (miRNA) 

miRNAs are small single-stranded non-coding RNAs of approximately 22 nucleotides, and 

are either derived from their own promotor (50%), or from within introns or exons of 

coding or non-coding transcription units (Saini et al., 2007). miRNAs are the most studied 

kind of non-coding RNAs and are encoded in genomes of most eukaryotes. They were last 

estimated to be able to modulate up to 60% of all protein coding genes at the translational 

level. They have a ubiquitous role in gene regulation and are involved in many 

physiological processes, including differentiation, proliferation, apoptosis and 

development. As a result, dysregulation of miRNAs has been related to various forms of 

pathological disorders including cancer and VTE (Catalanotto et al., 2016).  

miRNAs were first discovered in 1993 by Victor Ambros and colleagues. They discovered 

that the gene lin-4 did not code for a protein, it produced a pair of small RNAs (~22 and 

~66 nucleotides) (Lee et al., 1993). The Ruvkan laboratory then discovered that lin-14 was 

post-transcriptionally regulated and that the lin-14 levels were inversely proportional to the 

level of let-4 RNA (Wightman et al., 1993).  It took seven years before the next miRNA, 

let-7, was discovered and found to repress expression of lin-14, lin-41, lin-28, lin-42 and 

daf-12 during development (Reinhart et al., 2000). Homologs of let-7 were identified in 

several vertebrate species, including humans. This led to a world-wide cloning effort of 

small miRNAs.  
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1.2.1.1 miRNA biogenesis  

 

Figure 10: The canonical miRNA biogenesis pathway (Winter et al., 2009). 

The miRNA biogenesis is split into the canonical and alternative pathway. In the canonical 

pathway (Figure 10), RNA Polymerase II or III transcribes the hundreds of nucleotide long 

primary transcripts (pri-miRNA), which are capped with 7-methylguanosine and 

polyadenylated (Borchert et al., 2006; Cai et al., 2004; Lee et al., 2004). The nuclear 

RNAse III-type protein Drosha together with its cofactor: the DiGeorge syndrome critical 

region gene 8 (DGCR8) form a complex called the microprocessor, which cleaves the pri-

miRNA into a ~70 nucleotide precursor miRNA (pre-miRNA) with an imperfect stem-loop 

structure (Gregory et al., 2004; Han et al., 2004; Lee et al., 2003). Exportin-5, a RAN-GTP 

dependent nucleo/cytoplasmic cargo transporter, exports the pre-miRNA from the nucleus 

to the cytoplasm (Bohnsack et al., 2004; Lund et al., 2004; Yi et al., 2003).  
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The RNA Induced Silencing Complex is the effector machine of the miRNA pathways, it 

contains a single-stranded miRNA which guides the complex to the target mRNA. RISC 

loading complex (RLC) is responsible for the pre-miRNA processing and RISC assembly 

in the cytoplasm. RLC is a multiprotein complex, made up of four proteins; the type-III 

RNase Dicer, the double-stranded RNA-binding (dsRNA) domain proteins TRBP 

(Transactivating response RNA-Binding Protein) and PACT (protein activator of PKR) and 

the core component of RISC Argonaute-2 (Ago2) (Chendrimada et al., 2005; Gregory et 

al., 2005; Haase et al., 2005; Lee et al., 2006; MacRae et al., 2008). Dicer cleaves off the 

loop in the pre-miRNA and generates a roughly 22-nucleotide miRNA duplex with two 

nucleotides protruding as overhangs at each 3’end (Ketting et al., 2001). TRBP and PACT 

are not essential for dicer mediated cleavage, but they facilitate it and TRBP aids by 

stabilizing Dicer (Chendrimada et al., 2005; Haase et al., 2005; Lee et al., 2006).  

Following Dicer-mediated cleavage, Dicer, TRBP and PACT dissociate from the dsRNA 

duplex (Schwarz et al., 2003). The duplex is unwound by a helicase and the strand with the 

least thermodynamic stable base pair at its 5’end in the duplex is incorporated into the 

miRNA-Ago2 protein complex called RISC and functions as the guide strand. The 

remaining strand is degraded (Khvorova et al., 2003; Schwarz et al., 2003). The mature 

miRNA strands are annotated -3p or -5p depending on which arm of the pre-miRNA hairpin 

it hails from. Ago2 is the mediator of the RISC effects on mRNA targets, mediating mRNA 

degradation, destabilization and translational inhibition (Meister et al., 2004; Pillai et al., 

2004).  

An alternative biogenesis pathway bypasses the Drosha mediated processing of pri-miRNA 

to pre-miRNA. Mirtrons are intron-derived miRNAs released from their host transcripts 

after intron splicing. If the intron has the appropriate size to form a hairpin resembling a 

pre-miRNA, it bypasses the microprocessor and is exported from the nucleus. In the 

cytoplasm, Mirtrons are processed into mature miRNAs in the same manner as described 

in the canonical pathway (Okamura et al., 2007; Ruby et al., 2007).  

1.2.1.2 miRNA and mRNA interaction  

Once incorporated into the RISC complex, the mature miRNA strand functions as a guide 

strand leading the complex to its target. The translational inhibition or mRNA degradation 

is performed by the Ago2 protein in the RISC complex. miRNA predominantly bind to 
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their target via a seed region (Figure 11). The seed region is the sequence from the 2nd to 

the 8th nucleotide in the 5’end of the miRNA. They mainly target the 3’ untranslated region 

(3’UTR) of messenger RNAs (mRNAs), nevertheless, targeting inside the coding region or 

the 5’UTR has also been reported.  The short length of the seed region allows a single 

miRNA to simultaneously inhibit the expression of hundreds of different mRNAs or a 

single mRNA can be targeted by multiple miRNAs (Bartel, 2009; Lewis et al., 2005).  

 

Figure 11: A schematic overview of the miRNA and mRNA target interaction (Peterson et al., 2014).  

MiRNA inhibitors, also known as anti-miRs, inhibit their specific miRNA from hybridizing 

with them and are commonly employed in loss of function studies. They are commonly 

designed with complementary sequences to the miRNA they inhibit and bind to the miRNA 

by complementary base-pairing (Stenvang et al., 2012).  

1.3 miRNAs involved in haemostasis and HCC  

As presented earlier in this introduction, thrombosis and cancer are closely linked and 

dysregulation of miRNAs involved in both may be the linking factor. miRNAs can target 

multiple mRNAs and can therefore have targets important for both cancer and thrombosis 

without being the same mRNA. Only a handful of the factors involved in haemostasis have 

been identified as targets of miRNAs. These targets, summarized in Table 1, include 

fibrinogen, TF, TFPI, AT, PS, PAI-1 and FXI. In contrast, the number of miRNAs involved 

in HCC, either as oncogenes or tumour suppressors, was considerable larger with several 

thousand published reports (Otsuka et al., 2017). Nevertheless, several of the miRNAs 

involved in haemostasis are also involved in HCC, such as, miR-18a, -19b, -29b, -126, -

145, -181a, -223, -494 (Table 1). Some of their regulatory functions in both thrombosis and 

HCC are presented below. 
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Table 1: Summary of miRNAs targeting haemostatic factors and targets involved in HCC tumorigenesis. 

miRNA Haemostatic factor target  HCC Target Reference 

miR-18a Fibrinogen (indirect), AT KLF4 (Brock et al., 2011; Liu et al., 2017; 

Teruel et al., 2011a) 

miR-19a/b TF, AT Cyclin D1 (Yu et al., 2013; Zhang et al., 2011; 

Zhang et al., 2015) 

miR-20a TF - (Teruel et al., 2011b) 

miR-27a/b TFPI - (Ali et al., 2016; Arroyo et al., 2017) 

miR-29a/b*/c Fibrinogen *MMP-2 (Fang et al., 2011; Fort et al., 2010) 

miR-30c PAI-1 - (Marchand et al., 2012; Patel et al., 2011) 

miR-106b TF - (Chuang et al., 2012) 

miR-126 TF LRP6, PIK3R2 (Du et al., 2014; Witkowski et al., 2016) 

miR-145-5p TF, FXI IRS1, IRS2, IGF-

signalling 

(Law et al., 2012; Sahu et al., 2017; 

Sennblad et al., 2017) 

miR-181a-5p FXI PTEN (Chang et al., 2017; Salloum-Asfar et al., 

2014) 

miR-223 TF, FXIII-A Rab-1 (Dong et al., 2017; Elgheznawy et al., 

2015; Li, S. F. et al., 2014) 

miR-301a PAI-1 - (Patel et al., 2011) 

miR-409-3p Fibrinogen - (Fort et al., 2010) 

miR-421 PAI-1 - (Marchand et al., 2012) 

miR-494 TFPI, PS  TET1 (Ali et al., 2016; Chuang et al., 2015; Tay 

et al., 2013) 

TFPI was found to be a direct target of miR-27a/b and miR-494, and the expression of these 

miRNAs were also upregulated by estrogens. Thus, decreased TFPI levels in the 

endothelium by estrogens was suggested to be, in part, mediated by overexpression of these 

miRNAs. In addition, miR-27a/b was shown to be downregulated by testosterone in 

endothelial cells, suggesting a role of testosterone in regulating miR-27a/b-TFPID as well 

(Ali et al., 2016; Arroyo et al., 2017). Furthermore, Tay et al. (2013) showed that estrogen 

increased miR-494 expression in hepatocytes, and that miR-494 was a direct regulator of 

Protein S. They suggested that miR-494 had a role in estrogen-mediated downregulation of 

Protein S expression. In addition, miR-494 was overexpressed in human HCC tissues and 

was involved in cellular transformation by regulating the G1/S cell cycle transition by 

targeting mutation suppressors in colorectal cancer (Lim et al., 2014). The miRNA could 

also trigger gene silencing of multiple invasion-suppressor miRNAs by inhibiting genomic 

DNA demethylation by direct targeting of TET1, thereby leading to tumour vascular 

invasion (Chuang et al., 2015). 
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TF is the target of several miRNAs, such as, miR-126, miR-145-5p, miR-223, and miR-

19a/b, in addition to their role in HCC. Direct injection of miR-145-5p into mice impaired 

expression of TF and reduced thrombosis (Sahu et al., 2017). miR-145-5p also regulated 

FXI protein by direct targeting of the F11 gene (Sennblad et al., 2017). miR-145 was also 

a strong tumour suppressor. Its expression could induce G2-M cell cycle arrest and 

apoptosis by targeting multiple components of oncogenic insulin-like growth factor (IGF) 

signalling, including insulin receptor substrate- (IRS1-) 1, IRS2, and insulin-like growth 

factor 1 receptor signalling pathway (Law et al., 2012). miR-126 was also shown to be a 

direct regulator of TF. Diabetic patients with low levels of miR-126 had high levels of TF 

which may contribute to their increased risk of thromboembolism (Witkowski et al., 2016). 

In cancer tissue, Du et al. (2014) reported that miR-126-3p contributed to metastasis and 

angiogenesis in HCC due to degradation of LRP6 and PIK3R2. TF is also directly targeted 

by miR-223 and exogenous expression of miR-223 in vascular endothelial cells was 

demonstrated to block tumour necrosis factor D (TNF-D) procoagulant activity of TF (Li, 

S. F. et al., 2014). Dong et al. (2017) showed that miR-223 suppressed cell growth and 

promoted apoptosis in HCC cell lines by targeting Ras-related protein Rab-1. Additionally, 

downregulation of miR-223 after resection was correlated with poor prognosis and 

associated with an increased Stathmin-1 expression (Imura et al., 2017).  Thus, its over-

expression may have an anti-tumour effect by inactivating the mTOR pathway caused by 

the suppression of Rab-1 (Dong et al., 2017). Moreover, upregulation of miR-19b was 

correlated with good prognosis after resection in resected patients in advanced HCC (Hung 

et al., 2015).  

Salloum-Asfar et al. (2014) found FXI to be directly regulated by miR-181a-5p and their 

levels inversely correlated in healthy liver tissue. They suggested that low miR-181a-5p 

may be a causative factor leading to high FXI levels and thromboembolic disease in human 

liver (Salloum-Asfar et al., 2014). In HCC patients, miR-181a-5p deregulation in serum 

was correlated with worse disease control after sorafenib therapy (Nishida et al., 2017). 

miR-181a was found to be upregulated in HCC tissues and levels were higher in metastatic 

HCC tissues than non-metastatic. miR-181a-5p regulates the proliferation and invasion of 

HCC cells by targeting PTEN, the reduction of which activated the PI3K/Akt pathway 

(Chang et al., 2017). 
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Fibrinogen is another important factor in blood clot formation and its production in the 

liver is dependent on the coordinated transcription of all three fibrinogen genes (Fuller & 

Zhang, 2001; Tay et al., 2016). These genes are targeted by several miRNAs, such as miR-

29b (Fort et al., 2010) and miR-18a (Brock et al., 2011), with additional roles in HCC 

progression. miR-29b exerts its anti-angiogenesis function by suppressing matrix 

metalloproteinase-2 (MMP-2) expression (Fang et al., 2011). miR-18a enhances the 

production of fibrinogen in human hepatocytes (Brock et al., 2011). In addition, miR-18a 

is involved in the Wnt/E-catenin pathway and found upregulated in HCC tissue. This 

upregulation promotes the proliferation and migration of HCC cell lines by inhibiting 

KLF4, a factor that negatively regulates E-catenin expression (Liu et al., 2017). 

As illustrated in Table 1, only a few miRNAs regulating some of the coagulation factors 

have been identified and the gap in knowledge of miRNAs involved in thrombosis is still 

large. No research into miRNA regulation of FV has yet been published and further 

research into regulation of TFPI is still needed. This thesis aims to fill a part of this gap by 

identifying novel miRNA regulators of FV and TFPI. 
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2 Aim  

The link between cancer and increased risk of thrombosis is well established. Thus, 

studying the regulation of coagulation factors associated with cancer may provide a better 

understanding of this regulation. This can in turn contribute to the discovery of new 

individualized treatments for patients with cancer and cancer related thrombosis. 

Furthermore, miRNAs are post-transcriptional gene regulators and their dysregulation have 

been linked to both cancer progression and thrombosis. Coagulation FV and TFPI have 

both been linked to cancer progression, with their specific roles in liver cancer yet to be 

determined. The proteins have also been found to interact in both normal and disease state. 

Until now, two miRNAs have been identified as regulators of TFPI, while none have been 

identified for FV. This thesis aimed to identify novel miRNA regulating FV and TFPI, and 

to study their functional effect on liver cancer progression.   

The specific aims of this study were as follows:  

1. In Silico prediction of miRNA candidates that target F5 3’UTR and TFPI𝛼/𝛽 

3’UTR 

2. Validate the regulatory mechanism of miRNA on F5 and TFPI:  

a. Study the miRNAs ability to target F5 3’UTR using a luciferase reporter 

system 

b. Study the miRNAs ability to downregulate F5 and TFPI mRNA expression 

in HepG2 cells.  

c. Study the miRNAs ability to downregulate F5 and TFPID protein 

expression in HepG2 cells.  

d. Study the effect of inhibition of the miRNAs on F5 and TFPI mRNA and 

protein expression in HepG2 cells 

3. Study the effect of overexpression of miRNAs on apoptosis and proliferation in 

HepG2 cells. 

4. Clinical significance of validated miRNAs in liver cancer (or HCC)  
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3 Materials and Methods  

A complete list of software, instruments, solutions, kits, primers, miRNAs and disposables 

used in this thesis are listed in Appendices B, C, D and E.  

3.1 In Silico analysis 

Some of the most frequently used bioinformatical programs for miRNA prediction and data 

analysis have been listed and explained in this section. The tools used for miRNA 

prediction were TargetScan 7.2 (Agarwal et al., 2015), miRAW (Pla et al., 2018), DIANA-

microT-CDS (Paraskevopoulou et al., 2013; Reczko et al., 2012), Exiqon miRSearch 3.0 

(Lewis et al., 2005), and miRDB (Wong & Wang, 2015). For data handling and analysis, 

a combination of Excel, RStudio and Anaconda Spyder were used. Survival analysis 

comparing overall survival to high and low levels of miRNA expression in liver cancer 

patients was performed using the web application Kaplan-Meier Plotter (©KMPlotter.com; 

Nagy et al., 2018).  

3.1.1 miRNA prediction tools and selection 

Five different prediction tools were used to predict miRNA binding sites within the 3'-UTR 

region of F5 and TFPI. The prediction tools were based on different algorithms and were 

using different rules as a basis for their prediction, some of these are summarized below 

and in Table 2.  

The primary rule of most prediction software is the seed match. Seed match refers to the 

Watson-Crick pairing between miRNA seed region and the target site on the mRNA. The 

seed region is defined as the 2-8th nucleotide at the 5’end of the miRNA (Lewis et al., 2003; 

Peterson et al., 2014). To supplement the prediction additional rules are applied, such as, 

conservation, free energy, site accessibility, target-site abundance, 3’complementary site 

and extended seed region (Peterson et al., 2014). Conservation is referred to as the 

maintenance of a sequence across species, which means that the sequence is preferentially 

selected for because it has an important function. Some prediction algorithms consider the 

conservation of regions in the 3’UTR, 5’UTR, the miRNA or a combination of all three, in 

its predictions (Lewis et al., 2003). In general, there is a higher conservation of the seed 

region than the non-seed region of the miRNA. Nevertheless, some miRNA-mRNA target 

interactions additionally have conserved regions in the 3’end of the miRNA. These are 
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called 3’compensatory sites which refers to base pair matching with, for example, miRNA 

nucleotides 12-17 to compensate for mismatches within the seed region (Friedman & Jones, 

2009). An extended seed region (2-10th nucleotide) can also be applied to make up for 

mismatches within the normal seed region and reduces the stringency of the algorithm 

slightly (Peterson et al., 2014; Pla et al., 2018). Free energy can be used as measure of the 

stability of a biological system. By predicting how the miRNA and the mRNA hybridize, 

regions of high and low free energy can be inferred, and overall free energy can be used as 

an indicator of how stable the bond is. If the bond is predicted as stable, the mRNA is 

considered more likely to be a true target of the miRNA (Peterson et al., 2014; Yue et al., 

2009).  Site accessibility takes into account the secondary structure the mRNA assumes 

after transcription and measures the ease with which the miRNA can hybridize to the target 

site (Long et al., 2007). Target-site abundance determines the number of predicted miRNA 

target sites occurring within a 3’UTR sequence (Garcia et al., 2011). Finally, some of the 

algorithms have used a machine learning approach, either as a supplement or as the main 

feature, to develop the model used to predict the miRNA target. The machine learning 

approach creates a model based on training data and often uses more features in their final 

model, after testing their predictive power on positive and negative datasets (Peterson et 

al., 2014).  

Table 2: Summary of the rules applied by the miRNA target prediction tools used in this thesis.  

 
Prediction tool 

Features: TargetScan 7.2 miRAW Exiqon miRSearch DIANA-microT-CDS miRDB 

Seed Match X X X X X 

Conservation X/-  X X X 

Free energy X   X X 

Site accessibility  X  X X 

Target-site 
abundance 

X   X  

Machine learning  X  X X 

3’compensatory 
site 

 X   X 

Extended seed 
region 

 X  X  

Coding sequence    X  

miRNAs found by two or more tools and with a Context++ score (by TargetScan only) 

lower than -0.02 were selected for this study. The programming language Python 

(Anaconda Spyder) was used to compare the predicted miRNA results from each tool with 
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each other and with the full list of human miRNAs found in miRBase, version 22 

(downloaded 12.09.2018) (Griffiths-Jones, 2004; Griffiths-Jones et al., 2006; Kozomara & 

Griffiths-Jones, 2011; Kozomara & Griffiths-Jones, 2014). To integrate and process results 

a Python script was written and used. The script used a Boolean operator of True and False, 

predicted miRNAs were marked as True, while those not on the list of predicted miRNAs 

were marked with False. The number of times a miRNA was marked as True, from zero to 

five, was counted and this result was used in the final selection of candidate miRNAs. For 

the selected miRNAs, miRNA mimics were designed and synthesized by Dharmacon 

(Appendix C, Table S7).  

In addition, from the OsloII cohort previously studied by our group, miRNAs that were 

negatively correlated with F5 expression were analysed to see if any of them were predicted 

to target F5- or TFPI 3’UTR using the same method as above for selection.  

3.2 Plasmid techniques  

3.2.1 Plasmid  

To assess the miRNAs ability to bind to the 3’UTR of the F5 mRNA transcript, a 

miTarget™ miRNA 3’UTR Target clone from GeneCopoeia™ was used as reporter 

plasmid. The target clone HmiT005058-MT06 consists of the vector pEZX-MT06, 

illustrated in Figure 12, with the F5 3’UTR sequence inserted downstream of the secreted 

hLuc gene into the area called “miR Target”. In mammalian cells a chimeric mRNA 

consisting of the hLuc and the F5 3’UTR target is transcribed from the SV40 promotor. In 

addition, the vector contained a Renilla luciferase gene is constitutively expressed from the 

Cytomegalovirus (CMV) promotor. The plasmid further contained an Ampicillin (AmpR) 

gene which enabled easy selection during transformation and amplification of the plasmid 

in bacteria.   

If the transfected miRNA binds to the 3’UTR, translation of firefly luciferase (transcribed 

from the hLuc gene) is inhibited, resulting in a lower luminescence measurement than if 

the miRNA is unable to bind. Translation of the Renilla luciferase is unaffected by the 

miRNA and its luminescence can therefore be used for normalization. This enables the 

comparison of samples. To see if the miRNA has bound to the 3’UTR, each sample 

transfected with a miRNA is normalized against a negative control miRNA (Negative 
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control #2, Dharmacon). The negative control is set equal to 100%; if a miRNA has bound 

it will result in a value <100% (Figure 13).     

 

Figure 12: pEZX-MT06 with F5-3’UTR (HmiT005058-MT06) inserted into the are marked “miR Target”, 
produced by GeneCopoeia™. 

 

Figure 13: Illustration of the dual-luciferase assay function. The miRNA and plasmid are co-transfected 
into cells. The plasmid is then transcribed, and the 3'UTR sequence and the Firefly luciferase are transcribed 
together, while the Renilla Luciferase is transcribed separately. If the miRNA is able to bind the firefly 
luciferase translation is reduced and the resulting luminescence also low. Meanwhile, the Renilla luciferase 
translation and resulting luminescence is unaffected by miRNA. Firefly luminescence can therefore be 
normalized against the Renilla luminescence. Illustration created by GeneCopoeia™. 

 

F5 mRNA 3’ UTR
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3.2.2 Transformation of Escherichia coli 

Transformation of plasmids and colony growth for amplification of the plasmid 

HmiT005058-MT06 was performed following the manufacturer’s procedure for “TOPO® 

Cloning Reaction and Transformation” with some modification in volume.  

For each sample, 10 µl TOP10 Chemically Competent Escherichia coli were gently mixed 

with one micro litre plasmid DNA. After incubation for 25 minutes on ice, the sample was 

heat-shocked for 30 seconds at 42°C and put back on ice. 100 µl of Super Optimal broth 

with Catabolite repression (SOC) was added and the cells incubated at 37°C and 200 rpm 

for 1 hour. After incubation, the cell culture was spread on selective lysogeny broth agar 

plates containing 50 µg/ml Ampicillin (LB-A) and left over-night at 37°C. The following 

day, single colonies were picked and incubated in 4 ml LB-A medium preculture for 8h 

with shaking, then transferred to 100 ml LB-A medium at 37°C over-night with shaking.   

3.2.3 Maxi-prep for isolation of plasmid DNA  

The Maxiprep was performed on the overnight culture with transformed E. coli to isolate 

the plasmid DNA from the bacteria. This was performed using the ZymoPure™ II Plasmid 

Maxiprep Kit produced by Zymo Research and following the kits’ protocol. Briefly, the 

transformed E. coli were pelleted to remove the LB media, then lysed. Using the 

centrifugation protocol, the lysed bacterial cell sample was cleared using a filter syringe, 

removing cell debris. The plasmid was bound to the filter in a spin column and washed 

several times to remove all contaminants, leaving only the plasmid to be eluted. Finally, 

the sample was run through a new column to reduce the level of endotoxins and the plasmid 

was ready to be used. Plasmid concentration and purity was measured using the 

NanoDrop® ND-1000 (see section 3.4.1).  

3.2.4 Agarose gel electrophoresis  

To see if the plasmid amplification had worked, the plasmid was run on a 1% agarose gel 

containing GelRed®. Supercoiled plasmid DNA will migrate further than the size of the 

plasmids indicates compared to the ladder of known sizes. If any of the plasmids are nicked 

or cleaved these will appear as separate bands of a larger size in the agarose gel. Agarose 

was mixed with 1X Tris-acetate-EDTA (TAE) for a 1% agarose gel. Each plasmid (1 Pg) 

maxiprep mixed with loading dye was applied to the agarose gel together with the 
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GeneRuler DNA Ladder Mix (1 KB). The agarose gel was submerged in 1X TAE before 

sample application and an electrical current of 80 volt was applied for ~1.5 hours. The 

plasmid DNA was visualized with ImageQuant LAS 4000. 

3.3 Cell methods  

3.3.1 Cell lines  

In this thesis, human hepatoma derived cell line (HepG2) and human embryonic kidney 

293 cell line (HEK293T) were used (Table 3 and Figure 14). The HEK293T cell line was 

used as a host to study miRNAs binding to FV-3’UTR. The HepG2 cell line was selected 

because it had high endogen expression of F5 and TFPI and was therefore used to study 

the regulatory effect of miRNAs on F5 and TFPI mRNA expression and FV and TFPI 

protein levels. 

Table 3: HepG2 and HEK293T cell line characteristics, including ATCC catalogue number, tissue, 
derivation, morphology, growth properties and mutations.  

 HepG2 HEK293T 

ATCC Catalogue No.: HB8065 CRL-3216 

Organism: Homo Sapiens Homo Sapiens 

Tissue: Liver Embryonic Kidney 

Derivation: Derived from a hepatocellular 
carcinoma of a 15-year-old 

Caucasian male 

fetus 

Morphology: Epithelial (hepatocyte) Epithelial 

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) 

Mutation:  SV40 large T antigen 

P53 status: Wild type  Wild type 

 

3.3.1.1 Cultivation of cell lines  

The HEK293T and HepG2 cell lines (Figure 14) were cultured in Nunc™ Cell culture 

treated EasYFlasks™ (T25, T75 and T125). Dulbecco’s Modified Eagle Medium (DMEM) 

with 10% foetal bovine serum (FBS) was used for passaging and growth of the cells. FBS 
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provided extra growth factors, which were necessary for cell growth. Further, the serum 

neutralized Trypsin, which was toxic to the cells, but used to dissociate the cell-flask and 

cell-cell adhesion during passaging. The cell lines were incubated at 37qC with 5% CO2 in 

a Steri-cycle CO2 humidified incubator.  

To start a new cell culture, a vial containing ~1 million cryopreserved cells was gently 

thawed and added to 9 ml of medium. Cryopreserved cells are stored in a medium 

containing dimethyl sulfoxide (DMSO), a cryoprotective agent which, due to its ability to 

dissolve the cell membrane, is harmful to the cell viability. To remove the DMSO, the cells 

were pelleted by centrifugation for 7 minutes at 1500 rpm. The medium was then removed, 

before the cells were resuspended in fresh medium and transferred to a T25 culture flask.  

Passage of the cell lines was performed by removing the old medium, washing the cells 

gently with Dulbecco’s phosphate-buffered saline (DPBS), then detaching the cells using 

1 mL of trypsin. Finally, the cells were suspended in fresh medium and passaged in 

accordance to its confluency and were kept in culture for a maximum of 6 weeks.  

Confluency was determined visually using a Nikon eclipse Ts2-FL microscope, and kept 

under ~90% to avoid over-growth.  

            A                                                         B 

        

Figure 14: (A) Human Embryonic kidney cells (HEK293T) and (B) Human hepatoma (HepG2) cells during 
culturing. 

 

3.3.1.2 Cell quantification  

NucleoCounter® NC-100™ was used for cell quantification, following the manufacturers 

protocol. Briefly, 100 µl cell suspension was mixed 100 µl Reagent A (lysis buffer) and 

100 µl Reagent B (stabilizer) and loaded into a NucleoCassette™. The NucleoCassette™ 
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contains propidium iodide (PI), a fluorescent dye, which stains the cell nuclei by binding 

to the DNA. Green light excites the PI-DNA intercalation and red light emitted is registered 

by a CCD camera, and the amount of light is then automatically converted to the cell 

number per ml.  

 

3.3.2 Reverse-transfection 

Transfection is the process in which foreign material, such as plasmids or miRNA, is 

introduced into the cell cytoplasm. In reverse transfection cells in suspension are combined 

with the transfection-mixture simultaneously, in contrast to forward transfection were cells 

are seeded the day before transfection. 

Two transfection reagents, Lipofectamine® 3000 and Lipofectamine® RNAiMAX, were 

used in this thesis. In general, lipofectamine reagents are cationic lipids (liposomes) 

consisting of a positively charged head group and one or two hydrocarbon chains. The 

positive charge mediates interaction between the lipid and the negatively charged 

phosphate backbone of the nucleic acids. The positive surface charge provided by the 

liposomes allows the nucleic acids to enter the cell through the cell membrane by 

endocytosis. Inside the cell, DNA diffuses through the cytoplasm and enters the nucleus 

for transcription, while RNA and proteins stay in the cytoplasm (Figure 15). 

Lipofectamine® 3000 is well suited for co-transfection of plasmid DNA and miRNAs and 

was used for transfection of plasmid and miRNA into HEK293T cells. Lipofectamine® 

RNAiMAX is optimized for short RNAs, such as miRNA and siRNA, and was used to 

transfect miRNA into HepG2 cells (ThermoFisher-Scientific).  

 

Figure 15: A schematic overview of the mechanism of cationic lipid 
mediated transfection of nucleic acids into a eukaryotic cell (ThermoFisher-
Scientific).   
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3.3.2.1 3’UTR target validation of candidate miRNAs in HEK293T cells 

The miRNAs selected for this study were all predicted to target the 3’UTR of F5 and this 

was validated, using a dual luciferase assay. Reporter plasmid F5-3’UTR-pEZX-MT06 (see 

section 3.2.1 and Figure 12) co-transfected together with the miRIDIAN miRNA mimic, 

hsa-miR-134a-3p, -323a-3p, -510-3p, -532-5p, -543, -548c-3p, -568, -643, -651-3p, -1236-

3p, -1278,-1291 and miRNA negative control,  were reverse co-transfected into HEK293T 

cells with six parallels. In each experiment a plasmid coding for green fluorescent protein 

(GFP) was added as positive control of transfection. 

A transfection mixture of miRNA, plasmid, P3000™, Lipofectamine 3000 and Opti-MEM 

was prepared according to Table 4 and incubated for 15 minutes at room temperature. A 

DMEM cell suspension of 4 x 105 cells/ml of HEK293T was prepared. To each well, 100 

µl of cell suspension (4 x 104 cells) and 10 µl of transfection mixture was added. The plate 

was incubated for 48 hours. The experiment was repeated twice, with six parallels for each 

combination of reporter plasmid and miRNA.   

Table 4: Details of transfection reagents, cells number and amounts used in reverse co-transfection of miRNA 
and plasmid into HEK293T cells. All concentrations and volumes are shown for one well.  

Reagents:  96-well plate 
Opti-MEM 10 Pl 

miRNA 30 nM 
Plasmid 0.05 Pg 

Lipofectamine 3000 0.3 Pl  
P3000 0.1 Pl 

No. HEK 293T cells 4.0 x 104  
DMEM 10% FBS  100 Pl 

Total volume:  110 Pl 

 

3.3.2.2 Reverse-transfection of miRNA into HepG2 cells for analysis of effect of 
miRNA on F5 and TFPI mRNA expression  

To analyse the regulatory ability the miRNAs have on the F5- and TFPI mRNA expression, 

protein synthesis and apoptosis, each miRNA, found to bind to the F5-3’UTR, was 

transfected into HepG2 cells. The miRIDIAN miRNA mimics transfected were: hsa-miR-

7-5p (only 48h), -145-5p (only 48h), -323a-3p, -510-3p, -532-5p, -548c-3p, -568, -643, -

651-3p, -1236-3p, -1278 and -1291. For each sample, one miRNA and Lipofectamine® 

RNAiMAX were diluted in Opti-MEM, mixed following Table 5 and incubated for 15 
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minutes. A HepG2 cell suspension with 3x105 cells/ml for 24h experiment and 2x105 

cells/ml for 48h experiment was prepared. In a 24-well plate, 500 µl of the cell suspension 

was distributed into each well, before 100µl of the transfection mixture was added. The 

plates were incubated for 24- and 48 hours. Because there was only effect of miRNAs after 

48 hours, only the 48-hour experiment was repeated three times with three parallels each. 

3.3.2.3 Reverse-transfection of miRNA Inhibitors into HepG2 cells  

miRNA inhibitors are designed to bind to the miRNA present in the cells and reverse the 

effect the miRNA have on the mRNA of interest. They are specific to one miRNA each. 

miRIDIAN miRNA mimics has-miR-323a-5p, -568, -1278 and Negative Control #2 

miRNA and their respective inhibitors were reverse transfected into HepG2 cells according 

to Table 5. The experiment was performed in both 24-well plates and 12-well plate. The 

samples from the 24-well plates were harvested for mRNA analysis. The samples from the 

12-well plates were harvested for apoptosis and total protein analysis. The experiment was 

set up in parallels of three and repeated three times.  

3.3.2.4 Reverse-transfection of miRNA and miRNA inhibitors for analysis of cell 
viability  

miRNAs were reverse-transfected into HepG2 cells to analyse the effect they had on cell 

viability. The miRIDIAN miRNA mimics and inhibitors transfected were; hsa-miR-7-5p, 

-145-5p, -323a-3p, -568, -643, -651-3p, -1236-3p, -1278 and -1291, and anti-miR-323a-3p, 

-568 and -1278. For each sample, one miRNA and Lipofectamine® RNAiMAX were 

diluted in Opti-MEM, mixed following Table 5 and incubated for 15 minutes. In a 96-well 

plate, 84 µl of the cell suspension (1.6 x 104 cells/ml) was distributed into each well, before 

16 µl of the transfection mixture was added. The plates were incubated for 48 hours. The 

experiment was set up in parallels of three and repeated three times. 
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Table 5: Details of transfection reagents, cells number and amounts used in reverse co-transfection of miRNA 
into HepG2 cells. All concentrations and volumes are shown for one well for both 24- and 12 well plates. 

Reagents:  96-well plate 24-well plate  12-well plate  
Opti-MEM 16 100 Pl 200 Pl 

miRNA  30 nM  30 nM  30 nM  

miRNA inhibitor (anti-
miR) 

50 nM 50 nM 50 nM 

Lipofectamine 
RNAiMAX 

0.25 Pl 1.5 Pl  3.0 Pl  

No. HepG2 cells 1.6 x 104 1.0 x 105  2.0 x 105 
DMEM 10% FBS  84 Pl 500 Pl 1000 Pl 

After 24h additional 
DMEM 10%FBS  

100 Pl   

Total volume:  200 Pl 600 Pl 1200 Pl 

3.3.3 Harvest of cells for further analysis  

3.3.3.1 Harvest of HEK293T cells for luciferase assay 

HEK293T cells co-transfected with miRNAs and plasmid (described in section 3.3.2.1) 

were harvested after 48h. The medium was removed, and the cells washed gently with 

DPBS and lysed with either passive lysis buffer (PLB) from the Dual-Luciferase® Reporter 

Assay from Promega, or with 1X Lysis Buffer from the Luc-Pair™ Duo-Luciferase Assay 

Kit 2.0. The harvested cells where stored at -80°C until further analysis.  

3.3.3.2 Harvest of cells for mRNA analysis  

HepG2 cells transfected with miRNA or miRNA inhibitors in 24-well plates were harvested 

after 48 hours for mRNA analysis. The medium was removed and stored for FV and TFPI 

protein analysis. The cells were washed once with cold DPBS, before 1X Monarch 

DNA/RNA Protection reagent was added. All samples were stored at -20°C until further 

analysis. Monarch DNA/RNA Protection reagent was part of the Monarch® Total RNA 

Miniprep Kit. The reagent preserves the nucleic acid integrity during storage.  

3.3.3.3 Harvest cells for protein analysis  

HepG2 cells transfected with miRNA or miRNA inhibitors in 12-well plates were harvested 

after 48 hours for total protein and apoptosis in cell lysis, and FV and TFPI protein analysis 

by ELISA in the medium from the cells. The medium was removed and stored for protein 

analysis, and the cells were washed three times with cold DPBS. Further, 150 Pl of RIPA 

buffer with 1X Halt™ Protease and Phosphatase inhibitor cocktail was added. The cells 

were then suspended using a cell scraper, transferred to Eppendorf tubes and incubated on 
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ice for 30 min. The cell lysates were centrifuged at 1500 rpm (200g) for 10 min before 1:5 

dilutions of the supernatants were prepared for the apoptosis analysis using the Cell Death 

Detection ELISAPLUS (further described in section 3.5.3.3). The remaining cell lysate was 

stored at -20qC for total protein analysis.  

3.4 mRNA analysis 

3.4.1 RNA/DNA quantification 

RNA and DNA were quantified using the NanoDrop® ND-1000, following the 

manufacturers procedure. Briefly, 1.5 µl of sample was loaded onto the spectrometer and 

wavelength absorption at 260, 280, and 230 nm was measured, and the ratios 260/280, and 

230/260 was calculated. A 260/280 ratio of ~1.8 was considered pure DNA and ~2.0 pure 

RNA. The 230/260 ratio of 2.0-2.2 was considered free from contaminants.   

3.4.2 Isolation and quantification of RNA  

Total RNA from HepG2 cells, transfected with miRNA or miRNA inhibitors, was isolated 

using Monarch® Total RNA Miniprep Kit. HepG2 cells kept in 1X Monarch® DNA/RNA 

Protection reagent after harvest, were lysed and genomic DNA was removed from the 

samples following the manufacturers protocol. The RNA was then treated with DNase to 

remove any traces of genomic DNA. The samples were eluted in nuclease free water and 

quantified as described in section 3.4.1.  

3.4.3 cDNA synthesis  
Isolated RNA was synthesized into complementary DNA (cDNA) by reverse 
transcription in preparation to quantify F5- and TFPI mRNA in the cells after miRNA 
treatment. The cDNA synthesis was performed using the High Capacity cDNA Reverse 
Transcription Kit® and following the manufacturers protocol. Each sample was diluted in 
nuclease free water to ensure equal input amount of RNA in each run (400-1000ng).  The 
reaction was setup for each sample as listed in   
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Table 6, before it was run on the 2720 Thermal Cycler using the program described in Table 

7. 
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Table 6: High Capacity cDNA Reverse Transcription Kit mixture for one reaction 

 Volume 
(Pl)  

10X RT buffer 4.0 

25X dNTP Mix 1.6 

10X RT Random Primers  4.0 

Multiscribe™ Reverse 
Transcriptase  

2.0 

Nuclease-free water  8.4 

RNA (1 ng/Pl – 25 ng/Pl) 20 

Total  40 

Table 7: Thermal cycler protocol optimized for cDNA synthesis using 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 ∞ 

3.4.4 Relative quantification of F5- and TFPI mRNA by qRT-PCR  

Quantitative reverse transcriptase polymerase chain reaction (qRT-PCR) was used to 

determine the relative amount of F5- and TFPI mRNA in HepG2 cells transfected with 

either miRNA or miRNA inhibitors. Using a fluorescent reporter, qRT-PCR detects each 

PCR cycle as it occurs enabling quantification of the initial concentration of nucleic acids 

in the sample. In this thesis, TaqMan® probes specific for F5, TFPI and PMM1 were used 

as fluorescent reporters. The PMM1 gene was used as the endogenous control as it was 

mostly unaffected by the miRNA treatment (See Appendix A for test of endogen control 

genes). Endogenous control genes are genes whose expression should not differ between 

samples or be affected by the treatment. They are used to correct for reverse transcriptase 

efficiency and variations in cDNA input.   

The TaqMan® assay contains a probe which anneal to the target sequence between two 

synthetic primers. The probes are single-stranded DNA sequences, specific for the gene of 

interest, flanked by a fluorescent reporter dye on the 5’-end and a non-fluorescent quencher 

(NFQ) on the 3’-end. While the probe is intact, the quencher is close enough to the reporter 

to absorb the fluorescence emitted. For each PCR cycle, the primers and probe anneal to 

the sequence, and the DNA polymerase extends the strand from the primer in the 3’ to 5’ 

direction. DNA polymerase has a 5’-3’ exonuclease ability which ensures that when the 
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probe is reached it is cleaved from its 5’-end releasing the reporter (Figure 16).  Away from 

the quencher the emitted light from the reporter is no longer quenched and can now be 

detected. The light intensity is proportional to the amount of target cDNA in the sample.  

 

Figure 16: Illustration of how the TaqMan probe works. 

Figure 17 illustrates the amplification plot made during qRT-PCR. For each cycle the 

number of target template increases logarithmically, and the fluorescent light (signal) 

detected is proportional to this. During the baseline phase the increase and amount of signal 

is low and overshadowed by background noise. In the exponential phase the signal 

increases exponentially above the baseline until it reaches the plateau were the signal ceases 

to increase. A threshold is set automatically in the exponential phase and the cycle in which 

the signal reaches the threshold is called the Ct-value (cycle-threshold).  

The mRNA expression of the target gene was calculated using the ''CT or Livak method 

(eq. 1-3). Relative quantity (RQ) is the relative amount of mRNA in the treated sample 

compared to the calibrator (negative control miRNA). RQ levels <1 indicates 

downregulation and >1 indicates upregulation, where the calibrator has a RQ equal to one. 

To use this method, the difference in amplification efficiency between the endogen control 

gene and the target gene must be <0.1 in slope. This has been previously tested.  
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∆𝐶𝑇 =  𝐶𝑇 (𝑇𝑎𝑟𝑔𝑒𝑡 𝑔𝑒𝑛𝑒) − 𝐶𝑇 (𝑅𝑒𝑓𝑒𝑟𝑛𝑐𝑒 𝑔𝑒𝑛𝑒) (1) 

∆∆𝐶𝑇 =  ∆𝐶𝑇 (𝑇𝑎𝑟𝑔𝑒𝑡 𝑠𝑎𝑚𝑝𝑙𝑒) −  ∆𝐶𝑇 (𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝑠𝑎𝑚𝑝𝑙𝑒) (2) 

𝑅𝑄 =  2−∆∆𝐶𝑇 (3) 

 

Figure 17: qRT-PCR amplification plot. A qRT-PCR amplification plot showing the baseline phase, 
exponential (log) phase and plateau phase. The threshold is indicated with the blue line and the Ct-value 
indicated with the black dotted line.  

Three Taq-Man assays were used in the thesis, of these two were designed using Primer 

Express software (TFPID/E and PMM1) while F5 was ordered from ThermoFisher 

(Appendix C, Table S6). A reaction mixture containing cDNA (diluted 1:5 to avoid the 

inhibitory effects of reverse transcriptase) and the master mix (see Table 8A) was set up in 

a 96-well plate, before it was transferred in triplicate to a 384-well plate. A non-template 

control of nuclease free water instead of cDNA was included to ensure that there was no 

DNA contamination. The plate was run on Applied Biosystems™ QuantStudio™ 12K Flex 

Real-Time System, using the cycling parameters listed in Table 8B.  

  

Threshold Sample

Ct-value

Exponential phase

Plateau phase

Baseline
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Table 8: (A) TaqMan® reaction mix used for qRT-PCR of F5, TFPI and PMM1. Volumes listed are for one 
reaction. (B) Cycling parameters for one qRT-PCR reaction within one well on the 384-plate.  

A)  

Reagent Volume  

2X TaqMan® Gene Expression 
Master Mix 

5.0 µl 

cDNA  5.0 µl 

TaqMan Assay Gene Expression (20x) 0.5 µl 

Total  10.5 µl  

B)  

 Step 1  Step 2  Step 3  
 

Cycle   1 2 

Temperature (°C) 50 95 95 60 
Time 2 min 10 min 15 sec 1 min 

 

3.5 Protein techniques  

3.5.1 Luciferase measurement  

A dual-luciferase assay was used to identify which of the candidate miRNAs that could 

bind to the 3’UTR of F5 mRNA. The assays were performed using the Dual-Luciferase® 

Reporter Assay and the Luc-Pair™ Duo-Luciferase Assay Kit 2.0, following the protocol 

provided for each kit by the manufacturers. Both kits use the same principle of detection, 

by first measuring the amount of firefly luciferase in the sample and then the renilla. Firefly 

substrate (D-Luciferin) was added first, and the resulting luminescence was measured. 

Further, a reagent containing both the renilla substrate (Coelenterazine) and a component 

which stops the firefly reaction was added and the luminescence was measured again. For 

each sample, 5 Pl of lysed HEK293T cell co-transfected with the reporter plasmid (section 

3.2.1) and miRNA was transferred to a white half-area, Pclear® 96-well plate. Both the 

application of the reagents and the measurement of the luminescence was performed using 

the BioTek® Synergy H1 luminometer with auto-injection system. 
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3.5.2 Total protein measurement  

Total protein quantification was performed on cell lysates from transfected cells to 

determine the total concentration of protein in the sample. The quantification was 

performed using the Pierce™ BCA Protein Assay Kit. The assay is a combination of two 

colorimetric methods. First, proteins in an alkaline medium reduces Cu2+ to Cu1+ forming 

a light blue colour; this is known as the biuret reaction. Then, two Bicinchronic acid (BCA) 

molecules chelate with one cuprous ion (Cu1+) creating an intense purple coloured reaction 

product. The density of the purple colour, measured at 570nm, is proportional to the amount 

of protein in the sample.  

Briefly, a standard dilution series containing five concentrations of Albumin, 2 Pg/ml to 0 

Pg/ml, was prepared. Cell lysates were spun down at 3500 rpm (200g) for 10 minutes to 

remove cell debris. 5 Pl of samples, standards, and blank (1X Halt RIPA buffer) was added 

in triplicate to a 96-well plate before adding 200 Pl BCA working reagent (1:50 ration of 

reagent A + B). The plate was incubated for 30 min. at 37qC before absorbance at 570nm 

was measured using the VersaMax™ Microplate Reader. Protein concentration in the 

sample was calculated using the SoftMax Pro 6.4 software with a quadratic fit standard 

curve.  

3.5.3 Enzyme-Linked Immunosorbent Assay (ELISA) 

Enzyme-Linked Immunosorbent Assay (ELISA) is a sensitive immunological method for 

the detection and quantification of specific antigens, such as proteins. The antigen of 

interest is “sandwiched” between an immobilized antibody and a secondary enzyme-linked 

antibody that enables colorimetric detection (Figure 18). In this thesis Abcam Factor V 

Human ELISA Kit, ASSERACHROM® Total TFPI and the Cell Death Detection 

ELISAPLUS kit were used.  
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Figure 18: Diagram of the sandwich ELISA assay illustrating the main steps. A) The antibody attached 
to the well surface. B) Antigen from sample attaches to the antibody. C) Secondary antibody with an enzyme 
attaches to the antigen. D) Substrate is added and cleaved by the enzyme, resulting in a coloured product. The 
density of the colour is in accordance with the protein concentration in the sample.  

3.5.3.1 Quantification of FV protein using ELISA  

The FV Human ELISA Kit was used to determine FV protein level in the culture of medium 

after treatment with miRNAs. The assay was performed following the manufacturers 

protocol. Briefly, a FV standard dilution series was made with concentrations ranging from 

120 ng/ml to 0 ng/ml. Samples and duplicates of standard were added to wells pre-coated 

with FV specific antibodies. Subsequently, Biotinylated Factor V Antibody was added 

followed by addition of Streptavidin-Peroxidase Conjugate. Each well was washed with 

wash buffer between each addition to remove unbound sample, antibody and conjugates. 

Chromogen substrate containing TMB was added. The TMB was catalysed by the 

Streptavidin-Peroxidase enzyme reaction and produced a blue colour that changed into a 

yellow colour by adding the acidic stop solution. The density of the yellow colour was 

measured using the VersaMax™ Microplate Reader at 450nm with correction for optical 

noise at 570 nm and the SoftMax® Pro 6.4 software was used to plot the standard curve 

and calculate the initial concentration in the samples.  

3.5.3.2 Quantification of TFPID protein using ELISA 

The Asserachorm® Total TFPI kit was used to determine the level of TFPID in the sample 

medium after miRNA treatment (see section 3.3.2 and 3.3.3). The assay was performed 

following the manufacturers protocol. Briefly, a TFPI standard dilution series was prepared 

with concentrations ranging from 180 ng/ml to 0 ng/ml. Samples and mouse anti-TFPI 

monoclonal antibody-peroxidase conjugate were added simultaneously to wells pre-coated 

with monoclonal TFPI antibody and incubated for two hours before unbound sample and 

antibodies were washed out. For colour development, Ortho-Phenylenediamine and Urea 

peroxidase was added, and the reaction was stopped using the acid 3M H2SO4. The 

A:                                     B:                                C:                                     D: 
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resulting colour was measured at 490 nm using the VersaMax™ Microplate Reader and 

standard curve and concentration was calculated by the SoftMax® Pro 6.4 software.  

3.5.3.3 Relative quantification of apoptosis using ELISA  

The effect of miRNA treatment on apoptosis in the HepG2 cell line was measured with the 

Cell Death Detection ELISAPLUS Kit. During apoptosis, DNA fragmentation and release of 

nucleosomes into the cytoplasm is an early event (Salgame et al., 1997). The kit is based 

on the detection and quantification of these nucleosomes in the cytoplasm as a measure of 

the relative level of apoptosis in the sample (Salgame et al., 1997). The sample is deposited 

in a Streptavidin coated microplate-well together with anti-histone-biotin and anti-DNA-

peroxidase (POD). The biotin in the anti-histone-biotin binds to the Streptavidin, while the 

histones in the nucleosomes bind to the anti-histone. In addition, anti-DNA binds to the 

DNA in the nucleosomes, thus, creating an anti-histone-nucleosome-anti-DNA sandwich 

bound to the surface by the streptavidin-biotin complex (Figure 19). Unbound components 

are removed in a washing step. The number of nucleosomes is quantified through the POD, 

bound to the anti-DNA, by adding the ABTS substrate creating a green colour.  

 

Figure 19: Schematic illustration of the Cell Death Detection ELISAPLUS  illustration by Roche 

 In this thesis, apoptosis was measured in fresh protein lysates harvested 48h after 

transfection of miRNAs or their inhibitors into HepG2 cells (see section 3.3.3.3). The assay 

was performed according to the manufacturers protocol. In short, 20 Pl of the samples 

(diluted 1:5) was deposited into each well, before adding 80 Pl immunoreagent (containing 

the antibodies). Further, following a two-hour incubation with shaking, the plate was 

washed and 100 Pl ABTS solution was added. The plate was then incubated for 20 min 
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with shaking, before absorbance at 405 nm (with 490 nm as reference) was measured using 

the VersaMax™ Microplate Reader and the SoftMax Pro 6.4 software. 

3.5.4 Measuring cell proliferation  

The effect of the miRNAs on cell proliferation (cell growth) in HepG2 cell lines as studied 

using the cell proliferation reagent WST-1. Tetrazolium salt (WST-1) is cleaved into the 

soluble formazan dye complex by complex cellular mechanisms that are largely dependent 

on the glycolic production of NAD(P)H in viable cells. Thus, the amount of formazan dye 

produced correlates directly with the number of viable cells in the culture.  

In short, 48 hours after transfecting HepG2 cells with the miRNAs (as described in section 

3.3.2.4) 20 Pl WST-1 reagent was added to the wells and incubated for 30 min at 37qC with 

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

VersaMax™ Microplate Reader and the SoftMax Pro 6.4 software.  

3.6 Statistical analysis 

Comparison between treatment and control were performed using the unpaired t-test. If 

more than three treatments were tested, then an analysis of variance (ANOVA) followed 

by Dunnett’s post-hoc test was performed. A p-value lower than 0.05 was considered 

significant. All tests were performed using R and Microsoft Excel.  

ANOVA and Dunnett’s test were used to reduce the likelihood of falsely rejecting null-

hypotheses, known as the multiple comparisons problem. This likelihood is reduced by first 

testing if there is a difference between any of the groups. If there is, then a post-hoc test is 

performed, in this thesis Dunnett’s test was used. The Dunnett test tests if there is a 

significant difference between each treatment and control and adjusts the p-value according 

to the number of hypothesis that are tested.  

Estimation of the effect high and low expression of the miRNAs have on patient survival 

time was calculated using the Kaplan-Meier estimator and plotted with a Kaplan-Meier 

survival curve. The estimator is based on non-parametric statistics and commonly used to 

estimate the survival function from life time data.  
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4 Results  
4.1     In Silico miRNA target prediction  

Five miRNA prediction tools, described in section 3.1.1, were used to predict miRNA 

binding to the two genes of interest, F5 and TFPID/E. The miRNAs were selected based 

on the consensus of two or more programs, a TargetScan Context++ score <-0.15 and its 

presence in the first part of the latest miRBase release. The five tools showed different 

results both in number of predictions and which miRNA they predicted to target F5- or 

TFPID/E-3’UTR. TargetScan had the highest number of predictions with 647 (FV) and 690 

(TFPI) miRNA, followed by DIANA-microT-CDS with 30 (FV) and 142 (TFPI), miRAW 

with 63 (FV) and 78 (TFPI), miRDB with 53 (FV) and 91 (TFPI) and finally Exiqon 

miRSearch with 18 (FV) and 22 (TFPI). Twelve miRNAs were selected, of these, four 

targeted only F5, while eight targeted both F5 and TFPI (Table 9 and Figure 20). In 

addition, the selected miRNAs were almost all conserved over a minimum of three species, 

where the seed-regions matched almost perfectly.  

 

Figure 20: Predicted miRNA binding on the mRNA 3'-UTR of F5, TFPID/E. Some of the miRNA had several 
predicted binding sites, however, only the binding sites with the highest Context++ score (TargetScan) or 
miRAW score for the miRNAs are presented. 
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Table 9: Overview of miRNA selected for further study in this thesis 

(a) miRNA predicted for F5 only  

miRNA Mature Context++ score Position on gene Program$ miRNA mature sequence 5’-3’ 

hsa-miR-134-3p -0.24 1193-1199  F5: 1, 3 CCUGUGGGCCACCUAGUCACCAA 

hsa-miR-532-5p -0.22 
-0.08 

1956-1963 
1474-1481 

F5: 1, 2 CAUGCCUUGAGUGUAGGACCGU 

hsa-miR-643 -0.62 139-146 
109-147 (miRAW) 

F5: 1, 2, 3, 5 ACUUGUAUGCUAGCUCAGGUAG 

hsa-miR-1291 -0.03 
-0.22 

1728-1735  
840-846  

F5: 1, 3  UGGCCCUGACUGAAGACCAGCAGU 

(b) miRNA predicted for F5 and TFPI-D /E 

miRNA Mature Context ++ score position on gene Program$ miRNA mature sequence 5'-3' 

hsa-miR-323a-3p 
  

 -0,02 (F5) 
 -0,01 (F5) 

666-672 (F5) 
155-161 (F5) 

52-92 (miRAW F5) 
 

(miRAW TFPI): 
1081-1021  
1015-1055 
656-696 

F5: 1, 2 
TFPI-D: 2 

CACAUUACACGGUCGACCUCU 
  

hsa-miR-510-3p   -0,12 (TFPI-D) 
 -0,04 (TFPI-D) 

 -0,03 (F5) 
 -0,03 (F5) 

2041-2047 (TFPI-D) 
1781-1787 (TFPI-D) 

707-714 (F5) 
1564-1571 (F5) 

639-679 (miRAW 
TFPI-E) 

F5: 1 
TFPI-D: 1, 4, 5  
TFPI-E: 2, 4, 5 

AUUGAAACCUCUAAGAGUGGA 
  
  
  

hsa-miR-543 
  
  

 -0,12 (TFPI-D) 
 -0,04 (F5) 
 -0,02 (F5) 
 -0,01 (F5) 

1929-1936 (TFPI-D) 
84-90 (F5) 

1688-1694 (F5) 
1131-1137 (F5) 

53-93 (miRAW F5) 

F5: 1, 2 
TFPI-D: 1, 2, 4, 

5 
 TFPI-E: 4, 5 

  

AAACAUUCGCGGUGCACUUCUU 
  
  
  

hsa-miR-548c-3p 
  
  

 -0,02 (F5) 
 -0,02 (F5) 

 -0,01 (TFPI-D) 

405-411 (F5) 
497-503 (F5) 

2474-2480 (TFPI-D) 

F5: 1, 4, 5  
TFPI-D: 1, 4 
 TFPI-E: 4  

CAAAAAUCUCAAUUACUUUUGC 
  
  

hsa-miR-568 
  

 -0,46 (F5) 
 -0,09 (TFPI-D) 

137-148 (F5) 
2100-2106 (TFPI-D) 

107-147 (miRAW F5) 

F5: 1, 2, 3, 5  
TFPI-D: 1 

AUGUAUAAAUGUAUACACAC 
  

hsa-miR-651-3p 
  

  -0,48 (TFPI-E) 
  -0,05 (F5) 

18-25 (TFPI-E) 
506-546 (TFPI-D) 
1323-1329 (F5) 

81-121 (miRAW F5) 

TFPI-E: 1, 2, 4 
,5  

TFPI-D: 2, 4, 5 
F5: 1, 2 

AAAGGAAAGUGUAUCCUAAAAG 
  

hsa-miR-1236-3p 
  
  
  
  

 -0,41 (F5) 
 -0,03 (F5) 
  -0,01 (F5) 

  -0,04 (TFPI-D) 
  -0,01 (TFPI-D) 

  23-30 (F5) 
2002-2009 (F5) 
 430-436 (F5) 

939-945 (TFPI-D) 
919-925 (TFPI-D) 

F5: 1, 3, 5 
TFPI-D: 1 

  
  
  

CCUCUUCCCCUUGUCUCUCCAG 
  
  
  
  

hsa-miR-1278 
  

 -0,26 (TFPI-D) 
 -0,16 (TFPI-D) 

1875-1881 (TFPI-D) 
552-558 (TFPI-D) 

68-108 (miRAW F5) 

F5: 2 
TFPI-D: 1, 2, 4, 

5 
TFPI-E: 4, 5 

UAGUACUGUGCAUAUCAUCUAU 
  

$- Programs used: 1. TargetScan, 2. miRAW, 3. miRSearch, 4. DIANA-CDS-microT and 5. miRDB  
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4.2 miRNAs effect on FV expression 

4.2.1 In vitro: miRNA targeting of the F5 3’UTR mRNA   

To study the miRNAs, selected by the prediction tools described in section 4.1,  ability to 

bind to the 3’UTR of F5 mRNA, 12 miRIDIAN miRNA mimics from Dharmacon were 

each reverse co-transfected into HEK293T cells together with a luciferase reporter plasmid 

containing the F5 3’UTR sequence. The luciferase activity was measured 48 hours after 

transfection. Seven miRNAs previously used in a pilot study performed by our group and 

found to be negatively correlated with F5 in breast cancer cohort (OsloII), were also tested 

to see if any of them could target F5 3’UTR mRNA.  

Of the twelve first selected miRNA mimics (Figure 21A), ten reduced the luciferase activity 

by 19-39% (P<0.01). The remaining two miRNAs, miR-134a-3p and miR-543, had no 

significant effect on the luciferase activity. Of the addition miRNAs that were tested 

(Figure 21B), only miR-7-5p and miR-145-5p caused a significant reduction in activity of 

32-24% (P < 0.01).  

For the next validation steps with mRNA analysis, only the 12 (out of 19) miRNAs that 

significantly reduced the luciferase activity were selected: miR-7-5p, -145-5p, -323a-3p, -

510-3p, -532-5p, -548c-3p, -568, -643, -651-3p, -1236-3p, -1278 and -1291.  
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Figure 21: F5 3’UTR mRNA targeted by miRNAs. HEK293T cells were transfected with a luciferase 
reporter plasmid with F5 3’UTR (HmiT005058-MT06) and miRIDIAN microRNA mimics (A) hsa-miR-
134a-3p, -323a-3p, -510-3p, -532-5p, -543, -548c-3p, -568, -643, -651-3p, -1236-3p, -1278 and -1291. (B) 
hsa-miR-7-5p, -145-5p, -181a-5p, -193a-5p, -193b-3p, -331-3p, -539-5p. miRIDIAN microRNA mimic 
Negative Control #2 was used as the control. Firefly luciferase activity was normalized to renilla activity. 
The results are represented as mean r SD, of five replicates from two independent experiments (n = 10). The 
normalized data were expressed as changes relative to the data of the cells transfected with the negative 
control mimic and set to one (1.0). ANOVA followed by a Dunnett’s test was performed on miRNA vs. 
control (*P < 0.05, **P<0.01, ***P<0.001).  
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4.2.2 The miRNAs effect on F5 mRNA expression in HepG2 cells 

To study the effect the miRNAs had on the F5 mRNA, the 12 miRNAs that was found to 

target the F5 3’UTR (section 4.2.1) were reverse transfected into HepG2 cells. F5 is highly 

expressed in HepG2 cells which made these cells a good model to study the effect of 

miRNAs on F5 expression. The miRNAs effect on F5 mRNA was tested at 24h and 48h 

after transfection, and optimal incubation time was deemed to be 48h (Figure 22).  

Nine out of twelve miRNAs downregulated F5 mRNA expression up to 36% compared to 

the negative control miRNA (P<0.01). In contrast, miR-532-5p caused a 45% upregulation 

of F5 mRNA expression (P<0.001).  

For the next validation step, FV protein analysis, nine of the twelve miRNAs were selected: 

miR-7-5p, -145-5p, -323a-3p, -568, -643, -651-3p, -1236-3p, -1278 and -1291. 

 

Figure 22: Effect of miRNAs on the F5 mRNA expression in HepG2 cells. HepG2 cells were reverse 
transfected with 30nM miRIDIAN microRNA mimics and harvested (A) 24h and (B) 48h after transfection. 
The F5 mRNA was analysed by qRT-PCR. Results are presented as mean r SD of three replicates from 3-6 
independent experiments ((A) n = 6 and (B) n = 9-18). The data is presented as changes in mRNA in relation 
to the cells transfected with the negative control miRNA and set to 1.0. ***P<0.001, **P<0.01, ANOVA and 
Post-hoc Dunnett’s test was calculated on miRNA vs. control.  
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4.2.3 miRNAs effect on FV protein levels  

FV ELISA was used to study the effect the miRNAs had on the FV protein levels. Eight 

miRNAs that downregulated the F5 mRNA were selected to test their effect on FV protein 

synthesis. The protein levels were measured in the medium since FV is secreted into the 

medium, and results were related to total protein in the samples (Figure 23). Five of the 

miRNAs, miR-323a-3p, -568, -643, -651-3p, -1236-3p and -1291, downregulated FV 

protein synthesis (P<0.01). Notably, miR-323a-3p decreased FV protein level by 52% 

compared to the control. Furthermore, miR-1278 reduced FV protein level but its effect 

was not significant after correcting for multiple testing.  

 

Figure 23: Effect of miRNAs on synthesis of FV protein. HepG2 cells were transfected with 30nM 
miRIDIAN miRNA mimics and harvested after 48h. Total protein (mg) was measured from protein lysates 
and FV (ng) was measured in the medium. Results given in mean r SD (n = 3-9), where mean is the relative 
change compared to the negative control (set to 1.0), after correcting for total protein in the sample. ANOVA 
followed by post-hoc Dunnett’s test was performed on miRNA vs. negative control: ***P<0.001, **P<0.01. 
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4.2.4 Effect of miRNA inhibitors on F5 mRNA and protein expression  

To further investigate the target specificity of the miRNAs, miR-323a-3p, -568 and -1278, 

on F5 mRNA expression levels were assessed by transfecting HepG2 cells with miRNA 

mimics and miRNA hairpin inhibitors (anti-miRs), only miR-568 and anti-miR-568 were 

co-transfected. Due to time constraints, these miRNAs were selected for further study based 

on the initial results at mRNA level.  

F5 mRNA levels were determined by qRT-PCR and secreted FV levels by ELISA (Figure 

24). F5 mRNA expression and protein synthesis were both significantly downregulated 

following transfection of all three miRNAs. As shown in Figure 24A/B, miR-323a-3p 

reduced the F5 mRNA level by 18% and the protein level by 52%. The inhibitor, anti-miR-

323a-3p, reversed the miRNAs downregulatory effect. Figure 24C/D revealed that miR-

568 downregulated F5 mRNA and protein expression by 25% and 36%, respectively 

(P<0.001). Co-transfection of miR-568 and anti-miR-568 negated the miRNAs 

downregulatory ability and increased the mRNA and protein expression slightly. Finally, 

as illustrated in Figure 24E/F, miR-1278 downregulated F5 mRNA expression by 30% 

(P<0.001), however protein synthesis was only reduced by 13% (P<0.05). Inhibition of 

miR-1278 activity by anti-miR-1278 resulted in a slight increase in F5 mRNA expression 

but had no effect on FV protein synthesis.  
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Figure 24: Effect of miRNA inhibitor (anti-miR) on F5 mRNA expression and protein synthesis. HepG2 
cells were transfected with 30nM has-miR-323a-3p, -568, - 1278 or negative control, and 50nM miRIDIAN 
hairpin inhibitors (anti-miR) -323a-3p, -568, -1278, or negative control. Protein lysate, total RNA and 
extracellular media was obtained 48h after transfection. All results are represented as mean r SD in relation 
to the miR and anti-miR negative control (n = 9). (A) miR-323a-3p and anti-miR-323a-3p effect on F5 
mRNA, (B) miR-323a-3p and anti-miR-323a-3p effect on FV protein. (C) miR-568 and anti-miR-568 effect 
on F5 mRNA and (D) miR-568 and anti-miR-568 effect on FV protein. (E) miR-1278 and anti-miR-1278 
effect on F5 mRNA and (F) miR-1278 and anti-miR-1278 effect on FV protein. Studentized T-test was 
performed on miRNA vs. anti-miR, miRNA vs. negative control and anti-miR vs. anti-miR negative control: 
***P<0.001, **P<0.01, *P<0.05. 
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4.3 The miRNAs effect on TFPI expression  

4.3.1 The miRNAs effect on mRNA expression of TFPI in HepG2 cells 

To assess whether the twelve miRNAs found to target the F5 3’UTR mRNA (section 4.2.1) 

also targeted TFPI mRNA expression, HepG2 cells were reverse-transfected with the 

miRNAs. TFPI mRNA levels were analysed by qRT-PCR 24- and 48-hours after 

transfection. The optimal incubation time was found to be 48h and results are presented in 

Figure 25. Eight out of the twelve miRNAs transfected, downregulated the TFPI mRNA 

expression by 23-85% (P<0.05). In contrast, miR-532-5p and -568 resulted in an 

upregulation of mRNA by 40% and 21% (P<0.05), respectively. For the next. validation 

step, TFPI protein analysis, seven of the miRNAs with regulatory effect on TFPI mRNA 

were selected: miR-7-5p, -145-5p, -323a-3p, -651-3p, -1236-3p, -1278 and -1291.  

 

Figure 25: Effect of miRNAs on the TFPI mRNA in HepG2 cells. HepG2 cells were reverse transfected 
with 30nM miRIDIAN microRNA mimics and harvested (A) 24h and (B) 48h after transfection. The TFPI 
mRNA was analysed by qRT-PCR. Results are presented as mean r SD of three replicates from 3-6 
independent experiments ((A) n = 3, (B) n = 9-18). The data is presented as changes in mRNA in relation to 
the cells transfected with the negative control miRNA and set to 1.0. ***P<0.001, **P<0.01, *P<0,05, 
ANOVA and Post-hoc Dunnett’s test was calculated on miRNA vs. control. 
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4.3.2 miRNAs effect on TFPID protein synthesis  

TFPI ELISA was used to study the effect the miRNAs had on TFPID protein synthesis. The 

eight selected miRNAs that downregulated TFPI mRNA expression (section 4.3.1) were 

tested to assess their effect on TFPID protein synthesis. Secreted TFPID level was measured 

in the medium and related to the total protein in the cell lysates (Figure 26). Interestingly, 

only miR-7-5p had an effect on the TFPID protein synthesis, downregulating the synthesis 

by 53% (P<0.001).  

 

Figure 26: Effect of miRNAs on TFPID protein level. HepG2 cells were transfected with 30nM miRIDIAN 
miRNA mimics and harvested after 48h. Total protein (mg) was measured from protein lysates and TFPID 
(ng) was measured in the medium. Results given in mean r SD (n = 3), where mean is the relative change 
compared to the negative control (set to 1.0), after correcting for total protein in the sample. ANOVA 
followed by post-hoc Dunnett’s test was performed on miRNA vs. negative control: ***P<0.001. 
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4.3.3 Effect of miRNA inhibitors on TFPI mRNA and TFPID protein 
expression 

To further investigate the specificity of the miRNAs, hsa-miR-323a-3p, and -1278, on TFPI 

mRNA and protein expression levels were assessed by transfecting HepG2 cells miRNA 

mimics and miRNA hairpin inhibitors (anti-miRs). Due to time constraints, these miRNAs 

were selected for further study based on the initial results at mRNA level. 

TFPI mRNA levels were determined by qRT-PCR and secreted TFPID levels by ELISA 

(Figure 27). miR-323a-3p downregulated TFPI mRNA expression by 19% (mean = 0.81, 

P<0.001). The inhibitor, anti-miR-323a-3p, reversed the miRNAs downregulatory effect, 

and increased the TFPI mRNA expression by 18% (mean = 1.18, P<0.001) (Figure 27A).  

The downregulation of TFPI mRNA expression did not have effect on the TFPID protein 

level, though, the anti-miR-323a-3p still increased the protein synthesis slightly (mean = 

1.09, P>0.05) (Figure 27B). miR-1278 downregulated TFPI mRNA expression by 36% 

(mean = 0.64, P<0.001) and inhibition of its activity by anti-miR-1278 resulted in an 

increase in TFPI mRNA expression by 17% (mean = 1.17, P<0.05) (Figure 27C). There 

was no effect of either up- or downregulation of TFPID protein level (Figure 27D).   
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Figure 27: Effect of miRNA inhibitor (anti-miR) on TFPI mRNA expression and TFPID protein level. 
HepG2 cells were transfected with 30nM has-miR-323a-3p, - 1278 or negative control, and 50nM miRIDIAN 
hairpin inhibitors (anti-miR) -323a-3p, -1278, or anti-miR-negative control. Protein lysate, total RNA and 
extracellular media was obtained 48h after transfection. All results are represented as mean r SD in relation 
to the miR and anti-miR negative control (n = 9). (A) miR-323a-3p and anti-miR-323a-3p effect on TFPI 
mRNA, (B) miR-323a-3p and anti-miR-323a-3p effect on TFPID protein. (C) miR-1278 and anti-miR-1278 
effect on TFPI mRNA and (D) miR-1278 and anti-miR-1278 effect on TFPID protein. Student T-test was 
performed on miRNA vs. anti-miR, miRNA vs. negative control and anti-miR vs. anti-miR negative control: 
***P<0.001, **P<0.01, *P<0.05. 
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4.3.4 Summary of miRNAs effect on F5 3’UTR, and F5 and TFPI mRNA and 
protein expression 

In summary, twelve miRNAs were predicted by up to five prediction tools to target the F5 

3’UTR mRNA and eight of these to also target TFPI 3’UTR mRNA. The effect of these 

was then validated on three levels, direct targeting of F5 3’UTR mRNA sequence, and 

targeting of endogen F5 and TFPI mRNA and protein expression the HepG2 cell line. Only 

the miRNAs with effect on a validation step was selected for further validation. The results 

from each validation step is presented in Table 10.  

Five miRNAs, miR-323a-3p, -568, -643, -651-3p, -1236-3p and -1278, targeted F5 3’UTR 

mRNA and downregulated F5 mRNA and protein expression. None of these were predicted 

by DIANA-microT-CDS, and miRAW was the only one that predicted miR-1278 to target 

F5. Only has-miR-7-5p downregulated the TFPI mRNA and protein expression as 

predicted by all tools except TargetScan.  

Table 10: Summary of the prediction and target validation results: prediction, F5 3'UTR, mRNA 
expression and protein synthesis of FV and TFPI. miRNA predicted by; (1) TargetScan, (2) miRAW, (3) 
miRSearch, (4) DIANA-CDS-microT and (5) miRDB. Results of validation steps marked by: “Yes” 
significant change or “No” not-significant. miRNAs not included in a validation step is marked with negative 
sign “- “. miRNAs that caused significant downregulation of either F5 or TFPI on all levels are written in 
red.  

 
Predicted by FV TFPID 

miRNA  F5 TFPI 3'UTR mRNA Protein mRNA Protein 

hsa-miR-7-5p 1 2, 3, 4, 5 Yes No No Yes Yes 

hsa-miR-134-3p  1, 3 - No - - - - 

hsa-miR-145-5p 1 - Yes Yes No Yes No 

hsa-miR-323a-3p 1, 2 2 Yes Yes Yes Yes No 

hsa-miR-510-3p  1 1, 2, 4, 5 Yes No No Yes - 

hsa-miR-532-5p  1, 2 - Yes Yes No Yes - 

hsa-miR-543     1, 2 1, 2, 4, 5 No - - - - 

hsa-miR-548c-3p 1, 4, 5 1, 4 Yes Yes No Yes - 

hsa-miR-568     1, 2, 3, 5 1 Yes Yes Yes Yes - 

hsa-miR-643     1, 2, 3, 5 - Yes Yes Yes No - 

hsa-miR-651-3p  1, 2 1, 4, 5 Yes Yes Yes No No 

hsa-miR-1236-3p 1, 3, 5 1 Yes Yes Yes Yes No 

hsa-miR-1278    2 1, 2, 4, 5 Yes Yes Yes Yes No 

hsa-miR-1291    1, 3 - Yes Yes No Yes No 
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4.4 miRNAs effect on cell growth and survival  

4.4.1 Apoptosis  

To study if the miRNAs affected cell death in the HepG2 cells, the cells where transfected 

with miRNA and cell lysate was harvested after 48 hours. All miRNAs and anti-miRs tested 

on protein level were included in this analysis to study their effect on apoptosis, 

independent of their regulatory effect on F5 and TFPI. The assay used quantified the 

number of nucleosomes released into the cytoplasm from the cell lysates (Figure 28). The 

results indicate an 20-36% increase in apoptosis, compared to the negative control, caused 

by hsa-miR-7-5p, -145-5p, -323a-3p, -1236-3p and -1291 (P<0.1). However, this was only 

significant using a T-test and not after correcting for multiple testing due to large variations 

within each group.    

 

Figure 28: Effect of miRNAs on apoptosis in HepG2 cells. HepG2 cells were transfected with 30nM 
miRIDIAN miRNA mimics or hairpin inhibitor miRNA (anti-miR) and harvested after 48h. Total protein 
(mg) and apoptosis (OD) was measured from protein lysates. Results given in mean r SD (n = 3-9), where 
mean is the relative change compared to the miR or anti-miR negative control (set to 100%), after correcting 
for total protein in the sample. Studentized T-test was performed on miRNA vs. negative control and anti-
miR vs. anti-miR negative control: *P<0.05, •P<0.1. 
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4.4.2 Viability  

It was interesting to see whether the miRNAs or anti-miRs would have any effect on the 

proliferation of the HepG2 cells. All miRNAs and anti-miRs tested on protein level were 

included in this analysis to study their effect on cell proliferation, independent of their 

regulatory effect on F5 and TFPI. The results indicate that most of the miRNAs have a 

large effect on the cell viability (Figure 29). miR-7-5p, -145-5p, -323a-3p, -568, -643, -

651-3p, -1236-3p, -1278 all reduced the cells proliferation by over 49% (P<0.001), while 

miR-1291 and anti-miR-323a-3p had no significant effect. Anti-miR-1278 increased the 

cell proliferation by 20% (P>0.05) and the combination of anti-miR-568 and miR-568 

increased the cell proliferation by 83% (P<0.001).  

 

Figure 29: Effect of miRNAs on cell viability in HepG2 cells. HepG2 cells were transfected with 30nM 
miRIDIAN miRNA mimics or hairpin inhibitor miRNA (anti-miR). Cell viability was measured by 
absorbance 48h after transfection. Results given in mean r SD (n = 3), where mean is the relative change 
compared to the miR or anti-miR negative control (set to 100%). ANOVA followed by post-hoc Dunnett’s 
test was performed on miRNA vs. negative control: ***P<0.001. 
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4.5 Clinical significance of miRNAs expression 

4.5.1 Survival rates according to high and low expression of the miRNAs  

To investigate the clinical significance of the miRNAs that was found to downregulate FV 

and TFPI protein synthesis, a survival analysis on patients with high or low expression of 

the miRNAs was performed. In addition, an expression analysis of miRNA in normal liver 

tissue and tumour tissue was performed. The analysis was done using the online tool 

Kaplan-Meier Plotter on liver cancer data from the TCGA database. 

The miRNAs effect on median overall survival (OS) in high expression cohorts could be 

divided into two groups, tumour suppressor and oncogene activity. Patients with high 

expression of miRNAs; miR-7-5p and miR-323a-3p, had a ~50% shorter median survival 

time than the low expression cohorts (Table 11 and Figure 30A-B).  In contrast, high 

expression of miRNAs, miR-568, -643, 651-3p, -1236-3p and -1278, were associated with 

a 2-fold longer survival time (Table 11 and Figure 30C-G).  

Comparison of miRNA expression in tumour and normal tissue was only found for miR-7-

5p, -323a-3p, -643 and -651-3p. Common for all the miRNAs was that the median 

expression in tumour was lower than in normal liver tissue, though the difference was only 

significant (at 10% level) and visible for miR-7-5p and -323a-3p.   

Table 11: Clinical analysis of overall survival in high and low miRNA expression cohorts in HCC patients 
and median expression of miRNAs in normal and tumour tissue. Derived from TCGA data using the 
KMPlotter web-tool. 

 
miRNA 

Median 
survival 

Low 
expression 
(months) 

Median 
survival 

High 
expression 
(months) 

P-value  
High- vs. 

Low 
expression 

Median 
expression 

Normal tissue 

Median 
expression 
Tumour 

P-value  
Normal vs. 

Tumour  

miR-7-5p 71.03 36.27 0.002 17 13 0.09 
miR-323a-3p 108.6 52 0.079 4 1 0.0002 

miR-568 27.57 82.87 <0.0001 - - - 
miR-643 46.2 84.4 0.0041 0 0 0.04 

miR-651-3p 42.37 71.03 0.076 4 2 0.45 
miR-1236-3p 27.57 82.87 <0.001 - - - 

miR-1278 25.67 82.87 <0.001 - - - 
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Figure 30: Kaplan-Meier survival curves presenting overall survival rates in HCC patients with high 
and low expression levels of miRNAs: (A) miR-7, (B) miR-323a-3p, (C) miR-568, (D) miR-643, (E) miR-
651, (F) miR-1236, (G) miR-1278. Created with the web-tool Kaplan-Meier Plotter (©KMPlotter.com).  
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5 Discussion 

As discussed in the introduction to this thesis, the connection between cancer and increased 

risk of thrombosis is well established. Thrombosis is the second leading cause of death after 

the cancer itself (Khalil et al., 2015). Cancer progression has been linked with deregulation 

of coagulation factors (Falanga et al., 2009). Indeed, tumour cells have been reported to 

directly activate the haemostatic system by producing procoagulants and microparticles 

(Falanga et al., 2009). Thus, studying the regulation of coagulation factors associated with 

cancer may provide important insights. This can in turn contribute to the discovery of new 

individualized treatments for patients with cancer and cancer related thrombosis.  

MiRNAs are post-transcriptional gene regulators, responsible for the regulation of 

hundreds of genes involved in physiological processes within the cell. Their dysregulation 

has been linked to both cancer progression and thrombosis (Catalanotto et al., 2016). This 

motivated the topic of this thesis: The regulation of coagulation F5 and TFPI by miRNAs 

in liver cancer cells. FV and TFPI are both important factors within the coagulation cascade 

and have been linked to cancer (HCC) progression. However, their specific roles in liver 

cancer have yet to be determined. FV has been found expressed in different tumour tissues 

such as colon- and breast cancer (Tinholt et al., 2018; Wojtukiewicz et al., 1989). 

Furthermore, high F5 expression in breast cancer was associated with aggressive types of 

breast cancer, but also with favourable outcome for patients (Tinholt et al., 2018).  

Expression data derived from TCGA showed that both F5 and TFPI were upregulated in 

liver cancer. High F5 expression was also associated with increased median overall 

survival, while high TFPI expression also showed favourable outcome, although not 

significant, in liver cancer (see introduction sections 1.1.6.3 and 1.1.9).  

Only a few miRNAs regulating some of the coagulation factors have been identified and 

the gap in knowledge of miRNAs involved in thrombosis is still large. No research into 

miRNA regulation of FV has yet been published and further research into regulation of 

TFPI is still needed. This thesis aims to fill a part of this gap by identifying novel miRNA 

regulators of FV and TFPI. 
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5.1 In Silico miRNA target prediction 

The in silico results were the starting point of this thesis. Using a combination of five 

miRNA target prediction algorithms, twelve miRNAs were selected as candidate miRNAs 

to be validated in vitro. All twelve miRNAs were predicted to target the F5 3’UTR 

sequence, while eight of the miRNAs were additionally predicted to target the TFPI 3’UTR 

sequence.  

Bearing in mind that approximately 70% of all in silico predictions by individual 

algorithms are thought to be false positives (Baek et al., 2008; Tay et al., 2018), we sought 

to reduce this percentage by applying a combination of miRNA target prediction 

algorithms. Next, from the list of predicted miRNAs, the final candidate miRNAs were 

selected based on several additional criteria. The candidate miRNAs were then validated 

three times, targeting of the 3’UTR, mRNA and protein level.  

For F5, this strategy to select miRNA candidates worked better than expected. For miRNAs 

predicted to target F5 3’UTR; 83% were confirmed to target the 3’UTR, while 66% of the 

twelve were able to regulate endogen F5 mRNA expression and finally 50% were 

confirmed as true regulators of F5 expression by reducing the FV protein level, which was 

a strong indication that these miRNAs may be true positive predictions. Thus, for miRNAs 

predicted to regulate F5 our strategy may have reduced the percentage of false positive 

predictions from 70% to 50%.  

Of the miRNAs predicted to target TFPI 3’UTR, 75% were able to downregulate endogen 

TFPI mRNA expression, however, none of the initial miRNAs were able to regulate TFPI 

at protein level. Hence, for TFPI the percentage of false positives increased to 100%. There 

are several possible explanations for this result: Only the miRNAs that could target the F5 

3’UTR were verified at mRNA and protein level for TFPI, this left one miRNA predicted 

to bind to TFPI out of the analysis. Furthermore, on protein level we only analysed protein 

level of TFPID and some of the miRNAs were predicted as regulators of TFPIE. Thus, 

further analysis is still needed to verify the miRNAs predicted to target TFPID and TFPIE.  

In summary, this in silico method of finding miRNAs able to regulate our genes of interest 

(F5 and TFPI) served as a good preliminary screen to narrow down the pool of possible 

candidates. Since we find that the percentage of false positives remains high, our findings 
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show that the predictions need to be validated in vitro before concluding on the regulatory 

ability of predicted miRNAs.   

5.2 In Vitro target validation of miRNAs for F5 and TFPI 

This thesis is the first to identify miRNAs that target and downregulate F5 in liver cancer, 

in addition to presenting a novel miRNA which downregulates TFPID. None of these 

miRNAs have previously been connected to haemostatic factors, and only some of the 

miRNAs have been reported in liver cancer. In this section the general results and their 

limitations are discussed, while the miRNAs confirmed to regulate at the protein level will 

be discussed in the following section.  

In this thesis, three to four verification steps were taken to identify the final miRNAs with 

regulatory ability. The three steps were: (1) miRNA targeting of F5 3’UTR mRNA, (2) 

downregulation by miRNA of F5 or TFPI mRNA expression, (3) downregulation by 

miRNAs of FV or TFPI protein synthesis, and (4) specificity of some of the miRNAs for 

FV and TFPI by use of miRNA inhibitors.   

5.2.1 3’UTR  

In the first verification step, the targeting ability of each miRNA were tested. We confirmed 

that ten out of the twelve candidate miRNAs directly targeted the 3’UTR of F5. Two 

additional miRNAs, previously studied in our group, were also confirmed to target F5 

3’UTR. In total, we confirmed that twelve miRNAs could directly target F5 3’UTR. 

Verification of miRNAs targeting ability of the 3’UTR was performed using a dual 

luciferase reporter system. The system provided a simple and efficient method to observe 

the binding/targeting ability for the selected miRNAs. It is simple in the way that if the 

miRNAs bind to the 3’UTR of the target gene, in our case F5, then the amount of firefly 

luciferase protein synthesised by the cell is reduced. This output is then related to the renilla 

luciferase which is unaffected by the miRNAs and each sample can then be directly 

compared to each other. It is efficient because there is very little post-harvest treatment; 

substrate is added directly to the harvested cells in the wells and measured.  
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The predicted binding sites for the miRNAs have not been validated in this thesis and may 

be of interest for further studies. These may be validated by removing the predicted binding 

site with the 3’UTR in the reporter plasmid.  

5.2.2 mRNA 

In the second verification step, we confirmed the ability of the miRNAs to regulate F5 and 

TFPI mRNA expression in HepG2 cells. We found that F5- and TFPI mRNA expression 

were down- or upregulated by ten miRNAs, with seven of the miRNAs regulating both 

genes.  

These were very promising findings, however, analysis on the selected endogen control 

gene PMM1 revealed that some of the miRNAs affected its expression. In fact, miR-532-

5p downregulated PMM1 expression, this resulted in a higher Ct value due for the endogen 

control. Calculating the relative F5 and TFPI expression based on the increased Ct value 

as reference compared to the negative control which did not affect the endogen control, 

resulted in the high expression of F5 and TFPI mRNA reported. Conversely, miR-145-5p 

upregulated PMM1, thereby decreasing the Ct value, which resulted in falsely reporting 

that miR-145-5p downregulates F5 and TFPI mRNA. These results highlight the 

importance of selecting the correct endogen control beforehand. However, because 

miRNAs affect several different mRNAs each, finding one common endogen control that 

is not targeted by at least one of the twelve miRNAs is very difficult. In fact, all three 

controls tested were regulated by at least one of the miRNAs. Ideally, each miRNA should 

have been tested with its own endogen control. This test was not preformed early enough 

to affect the results presented in this thesis, but it might be a good strategy for future 

experiments to reduce false positive rates.   

Luckily eight of the miRNAs did not have a regulatory effect on PMM1 and could therefore 

be considered as true positive results. However, downregulation of mRNA alone does not 

affect the cell significantly, and therefore the third verification step was needed; 

verification of regulatory effect of the miRNAs on FV- and TFPI protein level. 

5.2.3 Protein 

In the third validation step, the miRNAs effect on FV and TFPI protein expression were 

analysed. In total, six miRNAs were confirmed to downregulate FV protein expression, 
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while only one miRNA, miR-7-5p, downregulated TFPID protein expression in HepG2 

cells. Even though mRNA analysis was promising, none of these last included miRNAs 

were found to regulate both genes at the protein level. Thus, we were not able to identify 

miRNAs co-regulating both TFPI and mRNA.  

Because we measured TFPI protein level in the medium, only TFPID was measured at 

protein level as TFPIE would have been attached to the cell surface and not present in the 

medium. Several of the miRNAs were predicted to also target TFPIE, this effect is of 

interest to measure in future studies and may reveal miRNAs that co-regulate both genes. 

When we increased the incubation time after transfection of miRNAs into HepG2 cells 

from 24h to 48h, the results were clearer on mRNA level, which indicated that the miRNA 

need time to affect the mRNA level within a cell. Thus, it may be of interest to analyse the 

effect of incubating the cells for 72h and see if this increases their effect on protein level.  

Our results show that validating target specificity at 3’UTR or mRNA level does not 

actually reveal their true effect on these genes when expressed endogenously. Hence, 

validating miRNAs regulatory ability at protein level is crucial.  

5.3 Functional effect of the validated miRNAs on F5 and TFPI 

5.3.1 miR-7-5p is a novel regulator of TFPID in HCC 

In this study, the prediction algorithms miRAW, miRSearch, Diana-microT-CDS and 

miRDB predicted that miR-7-5p could target the 3’UTR of TFPI. It was confirmed that 

miR-7-5p inhibits endogenous TFPID expression at both the mRNA and protein levels in 

HCC, while the direct targeting ability to 3’UTR has yet to be confirmed. Moreover, 

overexpression of miR-7-5p promoted apoptosis and inhibited proliferation in HepG2 cells.  

Interestingly, endogenous expression of miR-7-5p was lower in liver tumours compared to 

healthy liver cells, which is in contrast to the high expression of TFPI in HCC. This finding 

further supports the assertion that miR-7-5p downregulates the expression of TFPI. In line 

with our findings, Ma et al. (2013) reported miR-7-5p to be downregulated in HCC cells 

and that its overexpression suppressed hepatoma cell viability and proliferation. 
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Although TFPID has previously been given a tumour suppressor role in other types of 

malignancy, such as breast cancer (Stavik et al., 2010), high expression of TFPI did not 

change overall survival of HCC patients significantly. In addition, expression of TFPI in 

liver and kidney cancer was upregulated which contrasts with other malignancies were 

TFPI was downregulated. Indeed, the upregulation of TFPI observed liver cancer may 

suggest a different role in regard to cancer development. Nevertheless, survival analysis of 

low miR-7-5p was in concert with the previously proposed tumour suppressor role of TFPI; 

low miR-7-5p expression was associated with higher survival rates compared to high 

expression.  

MiR-7-5p has previously been reported as a tumour suppressor in HCC. Fang et al. (2012) 

was first to show that overexpression of miR-7-5p had a tumour suppressor effect in HCC 

both in vivo and in vitro, by inhibiting growth and metastasis by targeting the 

phosphoinositide 3-Kinase/Akt Pathway (PIK3CD). Ma et al. (2013) found that miR-7-5p 

upregulated Cullin 5 (CUL5) expression, which inhibited G1/S transition in the cell cycle. 

Similarly, Zhang et al. (2014) reported that miR-7-5p targeted the oncogene CCNE1 

expression, causing cell cycle arrest at G1. Moreover, Wang, F. R. et al. (2016) showed 

that overexpression of miR-7-5p reduced the migration and invasiveness of two HCC cell 

lines.  

Overexpression of TFPID has been shown to alter the expression of several mRNA and 

miRNA, and cause alterations in the EGFR pathway in breast cancer cells (Stavik et al., 

2012). The EGFR pathway is located upstream of the PIK3CD pathway, thus 

downregulation of TFPID by miR-7-5p may have caused some of the tumour suppressor 

effect reported by Fang et al. (2012).  

In summary, this thesis demonstrates that TFPID is targeted by miR-7-5p, thus providing 

further evidence for miRNA-mediated suppression of TFPID mRNA and protein levels. 

Overall, the evidence provided indicated a strong tumour suppressor role of miR-7-5p in 

HCC cells through, at least in part, the suppression of TFPID.   

5.3.2 miR-323a-3p is a regulator of F5 expression in HCC 

In this study, the prediction algorithms TargetScan and miRAW predicted that miR-323a-

3p could target the 3’UTR of F5. The luciferase reporter system was first used to confirm 
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that miR-323a-3p directly targets the 3’UTR of F5. Next, we confirmed that miR-323a-3p 

inhibits endogenous F5 expression at both the mRNA and protein levels. Furthermore, 

overexpression of miR-323a-3p promoted apoptosis and reduced proliferation, while 

inhibition of the miRNA removed its effect in HepG2 cells. When F5 was knocked down, 

the apoptosis in HepG2 cells was also increased (McCoig, 2018(unpublished)).  

Interestingly, miR-323a-3p was downregulated in HCC cells compared to normal liver 

tissue, while F5 has been shown to be upregulated in liver tumours. Indeed, low miR-323a-

3p expression cohorts were associated with good prognosis compared to high expression. 

Consistent with this finding, high F5 expression was associated with increased overall 

survival in liver cancer patients. Thus, reduced miR-323a-3p in tumour may, at least 

partially, explain the high F5 observed in tumours and F5’s positive effect on survival in 

liver cancer, because, at low levels miR-323a-3p cannot downregulate the F5 expression. 

Although no literature on liver cancer was attainable, there were some articles of miR-

323a-3p in other cancers. Li, J. F. et al. (2017) found that miR-323a-3p had a tumour 

suppressor function in bladder cancer by targeting MET and SMAD3. Their 

downregulation repressed epithelial-mesenchymal transition (EMT) progression. Chen et 

al. (2018) reported that overexpression of miR-323a-3p suppressed glycolysis and inhibited 

tumour growth by targeting lactate dehydrogenase in Osteosarcoma cell lines. Indeed, miR-

323a-3p was downregulated in both Osteosarcoma cells and cell lines, further indicating a 

tumour suppressor role (Chen et al., 2018). 

In summary, the clinical analysis of high miR-323a-3p expression and poorer survival in 

liver cancer suggests an oncogene function, as its upregulation would have downregulated 

F5. However, as previous in vitro analysis of F5, performed in our group, indicated an 

oncogene functional role in liver cancer (unpublished data), the in vitro functional analysis 

in this study suggests that miR-323a-3p has a tumour suppressor role in HCC by targeting 

and downregulating F5 expression. Thus, the functional role in HCC of both miR-323a-3p 

and F5 is still in need of further studies.  

5.3.3 miR-568 is a regulator of F5 expression in HCC 

In this study, the prediction algorithms TargetScan, miRAW, miRSearch and miRDB 

predicted that miR-568 could target the 3’UTR of F5. The luciferase reporter system was 



 69 

first used to confirm that miR-568 directly targets the 3’UTR of F5. Next, we confirmed 

that miR-568 inhibits endogen F5 expression at both the mRNA and protein levels, while 

inhibition of miR-568 removed its effect on F5 expression in HepG2 cells. Interestingly, 

overexpression of miR-568 impeded cell proliferation, while inhibition promoted 

proliferation drastically. This functional effect may be a strong indication of miR-568’s 

possible involvement in mechanisms associated with cell proliferation in HCC. Apoptosis 

was not affected by either treatment, indicating that miR-568 is not involved in regulation 

of apoptotic events.  

Expression data of miR-568 in liver tumours was not yet attainable but would be interesting 

to analyse. If the expression is downregulated in tumour vs. normal liver tissue, it would 

support the notion of tumour suppressor role in inhibiting proliferation. Indeed, overall 

survival analysis did support a tumour suppressor role as patients with high miR-568 

expression had a 2-fold higher overall survival compared to patients with low expression. 

How this corresponds with F5 regulation in HCC is harder to elucidate. Knockdown of F5 

expression in the liver cancer cell lines HepG2 and Huh7 reduced migration and induced 

apoptosis (McCoig, 2018(unpublished)), hence, miR-568 regulation of F5 expression fits 

well with the former but not with the latter. Additionally, high F5 expression is associated 

with good prognosis in liver cancer, which does not conform with the low survival rate 

associated with low miR-568 expression.  

A tumour suppressor role was also suggested by Li, W. et al. (2014), who found that miR-

568 inhibited metastasis in breast cancer cells and inhibited the activation and function of 

CD4(+) T-cell and T-regulatory cells by targeting and downregulating Nuclear factor of 

Activated T-cells 5 (NFAT5) mRNA expression.  

In summary, our findings indicated that miR-568 is a strong tumour suppressor, by 

inhibiting proliferation through, at least in part, its targeting and downregulation of F5 

expression in liver cancer. 

5.3.4 miR-643 is a regulator of F5 expression in HCC 

In this study, the prediction algorithms TargetScan, miRAW, miRSearch and miRDB 

predicted that miR-643 could target the 3’UTR of F5. The luciferase reporter system was 

first used to confirm that miR-643 directly targets the 3’UTR of F5. Next, we confirmed 
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that miR-643 inhibits endogen F5 expression at both the mRNA and protein levels in 

HepG2 cells. Furthermore, overexpression of miR-643 significantly impaired cell 

proliferation, but had no effect on apoptosis. Inhibition of miR-643 was not tested in this 

thesis. However, it would be interesting to study how inhibition would change proliferation 

and to further verify the specificity of the miRNA. This could further elucidate the miRNAs 

regulatory ability and functional effects. Downregulation of F5 may explain some of the 

reduced proliferation observed, as knock-down of F5 expression promoted apoptosis and 

inhibited migration in HepG2 cells (McCoig, 2018(unpublished)). Clinical analysis 

revealed that low miR-643 expression was associated with poor prognosis which contrasts 

with the positive prognosis associated with high F5 expression in liver cancer. Thus, miR-

643’s regulation of F5 expression cannot explain the genes effect on survival.   

Articles on miR-643 role in liver cancer was not attainable, however, there were two studies 

of the miRNA’s role in osteosarcoma and GEM cells. Wang et al. (2017) found that 

overexpression impaired the growth and invasiveness of osteosarcoma cell lines by 

targeting Zinc finger E-box-binding homeobox 1 (ZEB1). miR-643 was downregulated in 

osteosarcoma cells and cell lines, and they concluded that this downregulation might be a 

mechanism underlying the development of osteosarcoma (Wang et al., 2017). Shen et al. 

(2015) reported that by targeting HMGB1 and SRSF2 miR-643 may be promoting the 

Gemcitabine resistance occurring in SW1990 cell lines after gemcitabine treatment.  

In summary, miR-643 may have a tumour suppressor role in liver cancer, at least in part, 

by direct regulation F5 expression. Although this notion is not supported by the clinical 

results for high F5 expression which indicated a tumour suppressor role for F5, it does 

conform with the functional effect of downregulation of F5 observed in vitro.  

5.3.5 miR-651-3p is a regulator of F5 expression in HCC 

In this study, the prediction algorithms TargetScan and miRAW predicted that miR-651-

3p could target the 3’UTR of F5. The luciferase reporter system was first used to confirm 

that miR-651-3p directly targets the 3’UTR of F5. Next, we confirmed that miR-651-3p 

inhibits endogen F5 expression at both the mRNA and protein levels in HepG2 cells. 

Moreover, overexpression of miR-651-3p impeded proliferation but did not affect 

apoptosis in liver cancer.  
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Interestingly, miR-651-3p was found to be downregulated in liver cancer cells compared 

to healthy liver tissue, even though this was not significant it may still imply that expression 

of the miRNA is unfavourable for tumorigenesis. Additionally, low miR-651-3p expression 

was associated with poor prognosis. The high F5 expression observed in liver cancer 

correlates well with low miR-651-3p expression, supporting our findings that miR-651-3p 

is a novel regulator of F5. However, the overall survival rates associated with low miRNA 

and high F5 do not correspond since high F5 expression is associated with good prognosis 

compared to low expression in patients with liver cancer. Thus, regulation of F5 expression 

in HepG2 by miR-651-3p cannot yet explain the effect of F5 observed in liver cancer on 

survival.  

This thesis demonstrates the first regulatory mechanism by miR-651-3p. The sole article 

mentioning miR-651-3p in general is (Pu et al., 2013). They found only a single nucleotide 

polymorphism (SNP) prevalent in non-small cell lung cancer cells that created a functional 

binding site for miR-651-3p. This was in the Fas cell surface death receptor (FAS) gene. 

However, they have yet to publish functional proof (Pu et al., 2013).  

In summary, overexpression of miR-651-3p inhibited growth of HepG2 cells, high miR-

651-3p expression was associated with good prognosis in patients with HCC and endogen 

miR-651-3p expression in liver cancer was reduced compared to normal cells. Together, 

these findings indicate that miR-651-3p has a tumour suppressor role in HCC.   

5.3.6 miR-1236-3p is a regulator of F5 expression in HCC 

In this study, the prediction algorithms TargetScan, MiRSearch and miRDB predicted that 

miR-1236-3p could target the 3’UTR of F5. The luciferase reporter system was first used 

to confirm that miR-1236-3p directly targets the 3’UTR of F5. Next, we confirmed that 

miR-1236-3p inhibits endogenous F5 expression at both the mRNA and protein levels. 

Furthermore, overexpression of miR-1236-3p inhibited growth and induced apoptosis in 

HCC. McCoig (2018) (unpublished) showed that knockdown of F5 expression in liver 

cancer cell lines HepG2 and Huh7 also inhibited migration and induced apoptosis. Hence, 

these functional effects of miR-1236-3p may, at least partially, be caused by the miRNAs 

ability to downregulate F5. The same result of miR-1236-3p on growth and apoptosis was 

also reported by Gao et al. (2015) who, in addition, showed that overexpression of miR-

1236-3p suppressed migration and invasion, while inhibition of miR-1236-3p promoted 
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both. Additionally, they reported that miR-1236-3p was downregulated in both HCC tissue 

compared to adjacent healthy liver tissue and four cell lines, including HepG2, compared 

to an immortalized healthy liver cell line (Gao et al., 2015). Hence, low levels of miR-

1236-3p in HCC may explain, at least partially, the high F5 expression observed in HCC. 

Clinical analysis showed that low miR-1236-3p expression was associated with poor 

prognosis compared to that of patients with high expression. However, this does not fit the 

increased overall survival seen in patients with high F5 expression. Thus, the effect F5 has 

on survival cannot be explained by its regulation by miR-1236-3p and is still in need of 

study. 

In addition to miR-1236-3p effect in HCC (Gao et al., 2015; Li et al., 2018),  

overexpression of miR-1236-3p inhibited cell proliferation, induced apoptosis and was 

found to be downregulated in a broad range of other malignancies, such as lung cancer 

(Bian et al., 2017; Li, C. C. et al., 2017; Wang et al., 2019), glioma (Duan et al., 2018), 

gastric cancer (An et al., 2018), bladder cancer (Wang et al., 2014; Zhang et al., 2018), and 

renal cell carcinoma (Wang, C. H. et al., 2016). Furthermore, one mechanism of miR-1236-

3p effect has been shown to be induction of p21 activation, thereby inhibiting growth in 

several malignancies, including bladder cancer (Wang et al., 2014; Zhang et al., 2018), 

non-small cell lung carcinoma (Li, C. C. et al., 2017), and renal cell carcinoma (Wang, C. 

H. et al., 2016).  

In summary, miR-1236-3p ability to promote apoptosis and inhibit proliferation by, in part, 

downregulating F5 expression, is a strong indication of a tumour suppressor role in HCC. 

The finding that high miR-1236-3p expression is associated with good prognosis, coupled 

with its low expression levels in HCC (Gao et al., 2015), further supports the tumour 

suppressor role in HCC.   

5.3.7 miR-1278 is a regulator of F5 expression in HCC 

In this study, the prediction algorithm miRAW predicted that miR-1278 could target the 

3’UTR of F5. The luciferase reporter system was first used to confirm that miR-1278 

directly targets the 3’UTR of F5. Next, we confirmed that miR-1278 inhibits endogenous 

F5 expression at both the mRNA and protein levels, while inhibition of miR-1278 removed 

its effect on F5 expression. Moreover, miR-1278 inhibited proliferation in HCC cells, while 
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its inhibition increased proliferation. Clinical analysis revealed that high miR-1278 

expression was associated with good prognosis, which contrasts with the positive prognosis 

associated with high F5 expression in liver cancer. Thus, regulation of F5 expression by 

miR-1278 cannot explain the survival rates associated with high F5 in liver cancer patients.  

To our knowledge, this thesis is the first to report a regulatory mechanism attributed to 

miR-1278 since its discovery in 2008 (Morin et al., 2008).  

In summary, our in vitro analysis of miR-1278 indicated a tumour suppressor role in liver 

cancer by inhibiting its growth, which may partially be through downregulation of the F5 

expression.   
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6 Conclusion 

This thesis aimed to identify novel miRNAs regulating coagulation FV and TFPI, and to 

study the miRNAs functional effect on liver cancer progression. Twelve candidate miRNAs 

were selected using a combination of five miRNA target prediction algorithms. All 

candidate miRNAs were predicted to target F5, while eight of these were predicted to target 

TFPID/E. In addition, seven miRNAs used in a pilot study by our group were added to the 

study as potential regulators of F5 and TFPID/E. The latter miRNAs were also predicted to 

target both genes before further validation.  

To validate the predicted miRNAs as regulators of F5 or TFPI expression, the miRNAs 

were tested for their ability to target F5 3’UTR, regulate endogenous F5 and TFPID/E 

mRNA expression, and regulate endogenous FV and TFPID protein levels in HepG2 cells. 

As an additional validation step, the specificity of three of the miRNAs on regulation of F5 

and TFPI were tested using miRNA inhibitors. 

We identified and validated six miRNAs as regulators of F5 expression in liver cancer: 

miR-323a-3p, -568, -643, -651-3p, -1236-3p and -1278. These are the first miRNAs found 

to target F5. Additionally, we identified miR-7-5p as a novel regulator of TFPID. These 

findings provide further evidence for miRNA as regulators of coagulation factors and 

provide insight into novel mechanisms of the miRNAs. It would also be interesting to study 

how the miRNAs regulation of FV and TFPI affect the blood coagulation cascade. All six 

miRNAs regulating F5 were candidates from the initial in silico target prediction step. 

Thus, prediction of miRNAs to target our genes of interest proved to be both an efficient 

and successful strategy.  

Functional analysis of the miRNAs indicated that all seven had a potential tumour 

suppressor role in liver cancer. However, how these findings relate to each miRNAs ability 

to regulate F5 and TFPI is unclear and will need further study. In addition, clinical analysis 

of miR-568, -643, -651-3p, -1236-3p and -1278 effects on overall survival of patients with 

HCC were in support of a tumour suppressor role. However, for miR-7-5p and -323a-3p 

the clinical analysis suggested an oncogene role. Thus, there is a need for further studies 

into the effect each individual miRNA has on F5 or TFPID expression in relation to both 

the procoagulant state induced by HCC cells and liver cancer progression.  
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Appendix  

Appendix A: Test of endogen control genes 
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Appendix B: instruments, software, kits, reagents and disposables 

Table S1 Instruments and suppliers 

Instrument Supplier 

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 S2: Software and suppliers 

Software Supplier 

Gen5 micorplate Reader and Imager Software BioTek Instruments, 
Inc. 

ImageQuantTM TL 1D v8.1 GE Healthcare Life 
Sciences 

SoftMax® Pro 6.4 Molecular Devices 
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Table S3: Disposables and suppliers. 

Disposables Supplier 

Nunc™ Cell Culture treated flask (T25, T75 and T175) ThermoFisher Scientific 

Microplate, 96 well, half area, μclear®, white, med. Binding Greiner bio-one GmbH 

NuncTM Cell Culture Treated Multidishes (96, 12, and 6-well) Thermo Scientific 

NucleoCassetteTM ChemoMetec A/S 

Table S4: Kits, suppliers and catalogue numbers. 

Kit Supplier Catalogue number 

Cell Death Detection ELISAPLUS Kit Roche Applied Science, 
IN, USA 

11774425001 

Dual-Luciferase® Reporter Assay System Promega, Madison, Wi, 
USA 

E1960 

Luc-Pair™ Duo-Luciferase Assay Kit 2.0 GeneCopoeia, MD, USA LF006 

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 

Monarch® Total RNA Miniprep Kit New England Biolabs® 
Inc., Ipswich, MA, USA  

T2010S 

ZymoPURETM Plasmid Maxiprep Kit Zymo Research, Irvine, 
CA, USA 

D4203 

Factor V Human ELISA Kit Abcam®, Cambridge, 
UK 

Ab137976 

Asserachrom® Total TFPI kit Diagnistica Stago, 
Asneries, France 

00261 

Table S5: Chemicals, reagents, suppliers and catalogue numbers. 

Chemicals  Supplier Catalogue number 

Ampicillin, Sodium Salt Calbiochem® 171254 

Bovine Serum Albumin Sigma-Aldrich® A7906-100G 

Dulbecco’s phosphate-buffered Saline (DPBS) Thermo Fisher Scientific A7906-100G 

Dulbecco’s Modified Eagle Medium (DMEM) Lonza, Verviers, Belgium 12-604F 



 V 

 Fetal Bovine Serum Gold (FBS) PAA, Pasching, Austria A15-151 

GelRed Nucleic Acid Gel Stain VWR, Oslo, Norway 730-2958 

GeneRuler DNA Ladder Mix, ready to use Thermo Fisher Scientific, 
Waltham, MA, USA 

SM0333 

HaltTM Protease & Phosphatase Inhibitor cocktail 
(100x) 

Thermo Fisher Scientific 1861281 

Lipofectamine®RNAiMAX Invitrogen Carlsbad, CA, 
USA 

13778150 

Lipofectamine®3000 Invitrogen Carlsbad, CA, 
USA  

LR3000015 

OPTI-MEM®  Gibco by Life Technologies 31985-062 

P3000™ Enhancer Reagent  Invitrogen Carlsbad, CA, 
USA  

LR3000015 

Reagent A100 Lysis buffer Chemometec, Allerød, 
Denmark 

910-0003 

Reagent B Stabilizing buffer Chemometec, Allerød, 
Denmark 

910-0002 

RIPA Buffer Sigma-Aldrich, St. Louis, 
USA 

R0278 

Seakem® LE Agarose Lonza, Rockland, USA 50004 

S.O.C Medium Invitrogen, Carlsbad, CA, 
USA 

1749148 

2X Taqman® Gene Expression Master Mix Applied Biosystems, Foster 
City, USA 

4369016 

TBE Electrophoresis buffer (10X) Fermentas, Vilnius, 
Lithuania 

#5B2 

Trypsin-EDTA (0.05%) Thermo Fisher Scientific 25300054 
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Appendix C: Primers, miRNA sequences and plasmids  

Table S6: qRT PCR assays 

Assay Name 20X assay 
concentration 

Sequence (5’→3’) 

PMM1 PMM1 Forward 
Primer 

18 PM CCGGCTCGCCAGAAAATT 

PMM1 Reverse 
primer 

18 PM CGATCTGCACTCTACTTCGTAGCT 

PMM1 Probe 5 PM ACCCTGAGGTGGCCGCCTTCC 

Total 
TFPI 

Total TFPI 
Forward primer 

18 PM ACACACAATTATCACAGATACGGAGTT 

Total TFPI 
Reverse primer 

18 PM GCCATCATCCGCCTTGAA 

Total TFPI 
Probe 

5PM CCACCACTGAAACTTATGCATTCATTTTGTGC 

FV 
250rx 

TaqMan Gene 
Expression assay 
Hs00914120_m1 

- - 

 

Table S7: Selected miRNA and their corresponding order-number in Dharmacon 

miRNA MiRiDian Dharmacon 
hsa-miR-127-5p    C-301062-01-0005  
hsa-miR-134-3p    C-303279-00-0005  
hsa-miR-323a-3p   C-300698-05-0005    
hsa-miR-369-3p    C-300675-03-0005    
hsa-miR-510-3p    C-303030-00-0005    
hsa-miR-532-5p    C-300867-01-0005    

hsa-miR-543       C-301248-01-0005    
hsa-miR-548c-3p   C-300942-01-0005    

hsa-miR-568       C-300886-01-0005    
hsa-miR-643       C-300970-01-0005    

hsa-miR-651-3p    C-303252-00-0005    
hsa-miR-1236-3p   C-301292-01-0005    

hsa-miR-1278      C-301417-00-0005    
hsa-miR-1291      C-301345-00-0005    
hsa-miR-4495      C-302099-00-0005    

Negative Control #2   CN-002000-01-05  

 

Table S8: miTarget™ miRNA 3’UTR Target Clone 

Insert  Vector Catalogue No.: Supplier 

F5-3’UTR pEZX-MT06 HmiT005058-
MT06 

GeneCopoeia, Inc., Rockvile, MD, USA 
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Appendix C: Cell lines  

Cell line Producer 

HepG2 [HepG2] (ATCC® 
HB8065™) 

American Type Culture Collection (ATCC), Manassas, VA, USA  

HEK293T [293T] (ATCC® CRL-
3216™) 

American Type Culture Collection (ATCC), Manassas, VA, USA  

Appendix E: recipes for solutions and medium  

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  

 

1% Agarose Gel 

0.75 g Seakem® LE Agarose 

50 mL 1X TBE Electrophoresis buffer 

Boil for 30 sec, then add 5 ul GelRed Nucleic Acid Gel Stain 

 

  



 VIII 

Appendix F: R-printout with results from ANOVA and Dunnett’s test. 

 

Figure S1: qRT-PCR results for F5 mRNA test, with ANOVA and Dunnett’s test. 

 

Figure S2: Statistical test (ANOVA and Dunnett’s) of FV protein level change compared with negative 
control without correction for total protein within each sample.  
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Figure S3: Statistical test (ANOVA and Dunnett’s) of FV protein level change compared with negative 
control with correction for total protein within each sample. 

 

Figure S4: qRT-PCR results for TFPI mRNA test, with ANOVA and Dunnett’s test. 
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Figure S5: Statistical test (ANOVA and Dunnett’s) of TFPI protein level change compared with negative 
control without correction for total protein within each sample. 

  

Figure S6: Statistical test (ANOVA and Dunnett’s) of TFPI protein level change compared with negative 
control with correction for total protein within each sample. 
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