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Abstract 

Epithelial ovarian cancer (EOC) is often diagnosed at the more aggressive stages 
of disease and its heterogeneity makes treatment challenging. Factor XIIIA 
(FXIIIA) is a transglutaminase which crosslinks fibrin to form stable blood clots, 
as well as having other roles in inflammation and angiogenesis. FXIIIA plasma 
levels, activity and protein expression have been linked to cancer, including a 
brief study in ovarian cancer (OC). The gene for FXIIIA, F13A1, is highly 
polymorphic with several single nucleotide polymorphisms (SNPs) linked to 
thrombotic disease and cancers. 
 
In this PhD project, F13A1 SNPs 1951G>A and 1954G>C were associated with 
OC overall survival detriment and benefit, respectively. This was maintained in 
long-term survival (>20 year, n=252). F13A1 SNPs were further investigated for 
associations with range of survival intervals in a cohort of newly diagnosed 
patients (ICON7 translational cohort, n=448). The SNP 103G>T (Val34Leu), 
which has been linked to faster activation of the transglutaminase, and has been 
linked to cancer risk and thrombotic disease, was associated with survival in 
EOC. Heterozygotes for this SNP in particular benefited for survival post-
progression and overall survival.  
 
Expression of FXIIIA protein was explored for the first time in OC tissues and was 
present in OC stroma, with evidence of poor prognosis with positive stroma 
staining. However, 34Leu carriers survived longer than wildtype patients when 
stroma staining was present. As FXIIIA is involved in angiogenesis, when 34Leu 
protein variants were used in angiogenesis assays, the presence of active Leu 
variants produced smaller angiogenic networks at a slower rate than wildtype 
protein, and evidence of a reduction in migratory signalling was seen. The benefit 
to survival for 34Leu carrying patients is hypothesised to be due to less 
successful blood vessel recruitment which results in smaller tumours which are 
easier to treat, posing a potentially exciting future for this protein in EOC. 
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Chapter 1: Introduction 

1.1 Ovarian Cancer 

Ovarian cancer (OC) is a gynaecological malignancy often diagnosed at the later, 

more aggressive stages of disease due to the asymptomatic clinical presentation 

of OC (1). In the presence of symptoms, a lack of recognition can lead to the late 

diagnosis of advanced disease. As a result, OC is considered one of the most 

lethal gynaecological malignancies, worldwide, with 295414 new cases of OC 

diagnosed worldwide in 2018 (2). In England alone, the average 5-year survival 

rate is 44% (3,4). Later stage of disease and later patient age of diagnosis all 

result in lower survival rates compared to earlier stage disease and younger 

women (age 15-39). Later stage disease is metastatic and later age also makes 

a patient more difficult to treat and there is an increase in the risk of comorbidities 

(3).  

There are several types of OC, named after the suspected origin of the primary 

cancer. Epithelial ovarian cancer (EOC) is the most common type of ovarian 

cancer and can be further described based on the histology of the tumour 

(Section 1.1.1). Other OC types include, stromal, sex-cord and germ-cell but as 

EOC is the main focus of this thesis, the rarer OCs will not be expanded upon 

here. However, thorough reviews on these rarer OCs are available (5,6). 

1.1.1 Morphology of Epithelial Ovarian Cancer 
Serous histology is the most common type of EOC. Other histologies include 

endometrioid, clear cell, mucinous, mixed or undifferentiated disease. Rather 

than treating the histologies as separate entities, they have been grouped into a 

binary classification (7). Type I EOC comprises low grade serous, mucinous, 

clear cell and transitional tumours whereas Type II comprises high grade serous 

and undifferentiated disease. Type I and II tumours differ in their aggression, 

mutations and response to chemotherapy (Table 1-1, 1-2) and therefore are of 

great interest to developments in personalised medicine.  The binary 

classification is based on the tumorigenesis pathways proposed by Shih and 

Kurman 2004, rather than as a change to histology definitions. The precursors 
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cells/tissues from which Type I and Type II EOCs originate differs greatly. 

Although clearly summarised by Shih and Kurman 2004, in short, Type I tumours 

arise from borderline tumours, likely themselves coming from cystadenomas or 

adenofibromas, endometriosis in the case of endometrioid EOC, and inclusion 

cysts or ovary surface epithelium (OSE) for mucinous and serous EOC (7). The 

exact precursor for the more aggressive Type II is far less clear, and it is 

hypothesised that these tumours develop from de novo events in the surface 

epithelium or inclusion cysts (8). However, as mentioned by the same authors in 

their joint publication six years later, reaching for a “de novo” explanation is likely 

due to ignorance on the complexity of the events surrounding the development 

of Type II tumours rather than as a result of an event arising from “nothing” (7,9). 

 

Incessant ovulation was thought to be the cause of EOC due to animal studies 

suggesting that persistent ovulation may damage the OSE resulting in formation 

of cysts which then go on to form tumours (10). Decrease in ovulation by 

hormone-controlled means, such as the contraceptive pill, or pregnancy and 

decreases EOC risk (11–13) , but those with polycystic ovary syndrome which 

results in fewer ovulation cycles have an increased risk of EOC (14,15). 

Persistent ovulation is therefore a hypothesis which is not fully supported. A full 

review of other risks and protective factors in ovarian cancer has been recently 

published by Momenimovahed and colleagues in 2019 (16). 

 

Another hypothesis suggested that serous EOC arises from the fallopian tubes 

(17–19). Patterns of gene expression from serous OC correlated with normal 

fallopian tube epithelium signatures (20). The surface ‘epithelium’ of the ovary is 

structurally unlike other epithelium, covered in a single layer of mesothelial cells, 

(17). Although not classical epithelium, the histology of EOC tumours resembles 

the cells of tubal epithelium. Tubal epithelium covers the fallopian tubes, 

peritoneal cavity and uterus (17). In a study of tissues resected during bilateral 

salpingo-oophrectomies in women with familial history of OC or breast cancer 

gene (BRCA) mutations, a large proportion of tissues had abnormal cells or 

hyperplasial lesions (an increase in cell number) in tubal epithelium, called “tubal 

intraepithelial carcinoma” (TIC or serous TIC (STIC)) (18,21,22). A high 

percentage of TP53 mutations and p53 protein are present in the TICs, much like 

in high grade serous ovarian cancer (23,24). Advanced serous OC tissues were 
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found to have TIC regions, but these regions were not identified in mucinous or 

endometrioid OC histology (25,26). When the TIC regions were specifically 

extracted from the tissue, the TP53 mutational status was identical to that of the 

metastatic OC, demonstrating shared clonality and supporting the hypothesis that 

TIC regions are precursors to serous OC (24,27). However, TIC is not present in 

all high grade serous OCs (17), so the exact precursor of the disease or that of 

low grade serous disease remains to be fully understood.  

 

The oncogenes and tumour suppressor genes which are mutated in EOC differ 

between the two Types of EOC. Type I EOCs often have mutations in BRAF and 

KRAS (28–30), genes which are responsible for proteins for transductive 

signalling from cells into the nucleus. Mutations result in constitutively active 

signalling cascade, and this aberrant signalling leads to pro-survival and 

increased cell proliferation associated with cancer. KRAS and BRAF mutations 

are not seen in Type II EOCs, with TP53 being mutated in 50-80% of Type II 

tumours (23,31–33). Type II tumours also often have mutations in Her2/neu 

(34,35) and AKT2 (36–39) which result in increase of proliferation and differential 

response to chemotherapy. Increased expression of Ki-67 (40,41) and human 

leukocyte antigen-G (HLA-G) (42,43), the former associated with increase in 

proliferation and the latter hypothesised to have involvement in tumour immune 

evasion.  

1.1.2 Molecular Subtypes of High Grade Serous Ovarian Cancer 
Within the last ten years, the increase in the use of gene expression and 

functional genomics, has led to classification of ovarian cancer, particularly for 

serous EOC, beyond the definitions of high grade serous ovarian cancer 

(HGSOC) and low grade serous ovarian cancer (LGSOC). For HGSOC in 

particular, the aggressive nature of the disease means that understanding of the 

disease is vital for early and effective treatment (44). Gene expression profiling 

of 285 serous and endometrioid tumours by Tothill et al. 2008 was one of the first 

milestones in molecular subtyping of disease, identifying a total of 6 molecular 

subtypes, 2 for low-grade endometrioid and serous tumours with low metastatic 

potential and 4 for high grade serous EOCs (45). These 4 subtypes were 

validated by The Cancer Genome Atlas (TCGA) in a study of 489 tumours and 

named: “proliferative”, “mesenchymal”, “immunoreactive” and “differentiated” 

(46). This work by TCGA has been further developed to determine survival 
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outcome through a combination of subtype gene signatures and survival gene 

expression signatures (47). The gene signatures defined by the TCGA were 

applied to an independent cohort of 174 patients, with the immunoreactive 

subtype demonstrating the longest survival and the mesenchymal subtype 

demonstrating the shortest survival (48). The study by Konecny et al. determined 

other gene expression signatures which fit within the TCGA subtype definitions 

and  that the definitions of subtypes would benefit from molecular subtypes lying 

on a spectrum which would provide a greater appreciation for tumours in which 

there is a small amount of overlap between gene signatures, rather than the 

implied “mutual exclusivity” of the TCGA defined molecular subtypes (48).  

 

From these studies, there was still no clear consensus on the precise definitions 

of the subtypes, and one of the main gaps which remained was a lack of specific 

treatments for each subtype. The issue of the limited variety of the patient 

tumours studied i.e.  detailed clinical data was not available for all patients and 

the variation in surgical resection was a confounding factor which affected 

survival outcome (49). Therefore Wang et al. sought to determine whether 

HGSOC molecular subtypes could also be associated with surgical outcomes in 

addition to survival by generating their own de novo subtypes and comparing 

them to those defined by the TCGA (49), using a pooled cohort of 2100 patients. 

Whilst confirming that the original 4 subtypes defined by the TCGA were 

applicable in their larger cohort, gene expression analysis resulted in further 

branches for the “differentiated” subtype (DIF), the “anti-mesenchymal (ANM)” 

subtype due to the downregulation of genes which are upregulated by the 

mesenchymal (MES) subtype.  

 

These developments further the understanding of ovarian cancer as a 

heterogeneous collection of diseases that certainly do not fit in a singular OC 

“box”. However, much remains to be developed with respect to treatment 

strategies. Molecular subtyping has been unable to identify a consistent subtype 

for platinum-refractory/resistance (49). The results from the gene expression 

profiles could certainly assist in the determination of which therapies   
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Table 1-2: Defined Molecular Subtypes of High Grade Serous EOC  

 
The subtypes given in the above table were explored in the key publications 

(45,49). 

 

 

 

 
Figure 1-A: A schematic of the prognosis of the different molecular 
subtypes of high grade serous EOC. This figure presents a schematic as 
defined by Wang and colleagues, (Wang C et al. 2017; (49)). The order of 
subtypes from worst to best prognosis was: mesenchymal (MES), proliferative 
(PRO), differentiated (DIF), anti-mesenchymal (ANM) and immunoreactive 
(IMM).  
  

Tothill et al.  Molecular Subtypes TCGA Molecular Subtypes Wang et al.  Molecular Subtypes Wang et al.  Gene Upregulation
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Cytochrome P450
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MES PRO DIF ANM IMM

PROGNOSIS



 

	

7 

may be most applicable, but further gene expression analyses in specified 

treatment groups i.e. responders vs non-responders would be required to 

determine whether molecular sub-types could be determined for chemotherapy. 

1.1.3 Staging of Ovarian Cancer 
Although the more binary classification is used to class OC, staging of the disease 

still takes place under the International Federation of Gynaecology and Obstetrics 

(FIGO) criteria. First published in 1973, the staging criteria have been updated 

several times, with the most recent updated in 2014 (50). A summary of staging 

is provided in Figure 1-B (51). Stage I and II are the least aggressive, and 

diagnosis at this early stage often leads to a better prognosis. Diagnosis at 

Stages III and IV, which demonstrate a metastatic component to lymph nodes, 

the peritoneal cavity or to other organs, often leads to far poorer prognosis, even 

with rapid treatment.  

1.1.4 Diagnosis and Treatment of Ovarian Cancer 
Diagnosis of OC is confirmed through a variety of tests and imaging 

methodologies. The Risk of Malignancy Index (RMI) is a combination of serum 

levels of cancer-antigen 125 (CA-125), ultrasound, and menopausal status, 

(Figure 1-C) (52). If RMI is over 200, the chance of malignancy is highly likely, 

and a range of imaging modalities are used to locate and determine tumour stage. 

Computerised tomorgraphy (CT) and magnetic resonance imaging (MRI) are 

used, often in combination with one another, due to the differing sensitivities of 

the respective modalities to detect lesions (51,53).  

 

OC is treated with a combination of platinum-based chemotherapy and where 

possible, surgical resection (54,55). Radiotherapy is not commonly used in initial 

treatment due to the proximity of the ovaries to highly radio-sensitive organs such 

as the bowel and kidneys, and whole abdomen radiotherapy can be highly toxic 

(56). However, radiotherapy can provide symptomatic relief in metastatic 

disease. OC has demonstrated radiosensitivity (57) and the development of 

intensity modulated radiotherapy and an increased understanding of ovarian 

cancer subtypes may lead to the use of radiotherapy becoming more common 

for OC treatment (56). The standard chemotherapy regimen is paclitaxel and 

carboplatin, often supplemented with other chemotherapeutic agents such as  
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Figure 1-C: Flowchart of Diagnosis Steps for Ovarian Cancer. Blood serum 
levels of cancer antigen-125 (CA-125) are multiplied by a calculated ultrasound 
component, based on the features present in the imaging, and multiplied by the 
menopausal status of the patient to give a score for the Relative Malignancy Index 
(RMI). If no clinical features are present in the ultrasound are present, the RMI 
score will be 0 and other imaging may be required, or the CA-125 levels will 
continue to be monitored. If the RMI score is > 200, then the chance that 
malignancy is present is highly likely and imaging modalities such as 
computerised tomography (CT), positron emission tomography (PET)-CT, and 
magnetic resonance imaging (MRI), all of which are used to stage disease and 
design further treatment plans for surgery and chemotherapy. Surgical resection 
of the tumour takes place and then margin of disease remaining is determined 
and then chemotherapy, traditionally platinum-based is started. The disease and 
recurrence are monitored throughout follow-up. 
 
 

Ultrasound Component (U)
Features
• Multilocular cyst
• Solid mass
• Metastases
• Ascites
• Bilateral Ovarian Lesions

Menopausal Status (M)

1 = Pre-menopausal
3 = Post-menopausal
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U x M x (CA-125) Level = RMI
If RMI >200, then Malignancy Highly Likely

Appointment with Clinician

CT/PET-CT & MRI
For Staging and Monitoring and Surgery Planning

Ressective Surgery 

Chemotherapy
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other DNA-targeting drugs or anti-angiogenics.  

 
1.1.4.1 Platinum Resistance in Ovarian Cancer 
Platinum-based chemotherapy, such as carboplatin and cisplatin, disrupt DNA 

replication by causing crosslinking of the double helix at guanine bases, resulting 

in attempts by cells to correct errors through nucleotide excision repair (58,59). If 

cells are unable to repair the damage, then cells are pushed towards apoptosis. 

OC is known for its sensitivity to platinum-based chemotherapy, however 

platinum resistance in ovarian cancer is becoming a growing concern in the 

clinical setting. OC is either unresponsive to the platinum agents as first line 

therapy or the recurrent disease is resistant to re-treatment with the same agents. 

The heterogeneous populations present within tumours mean that not all cells 

within the tumour respond to platinum-based chemotherapy and even through 

the tumour mass shrinks, the recurrent disease may be made up from the 

remaining resistant population which proliferates into a far more resistant tumour. 

As platinum-based chemotherapy is one of the cornerstones of OC treatment, 

novel agents and treatment regimens are required in order to tackle these 

resistant cancers.  

 

The progression-free survival period for women with advanced OC is 

approximately 18 months and 80% of women will experience tumour recurrence 

(60). In clinical trials, the platinum-free interval (PFI) is used to determine 

subsequent chemotherapies: “platinum-refractory” disease is that which 

progresses during therapy or within 4 weeks of the last dose of platinum 

chemotherapy, “platinum-resistant” disease is that which progresses within 6 

months, “partially platinum sensitive” disease progress between 6 to 12 months 

and “platinum-sensitive” disease progresses after a PFI of over 12 months 

(61,62). Although the defined molecular subtypes of ovarian cancer do 

demonstrate differential platinum-sensitivity, the exact molecular biology 

underlying sensitivity or resistance remains to be fully understood.  

 

Platinum-resistance does not necessarily negate the use of platinum-based 

agents for the recurrent disease, as different dosing schedules and combinations 

of supplementary agents have been used during and beyond first-line therapy 

(60). Paclitaxel, a tubulin-targeting agent which prevents the unwinding of the 
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DNA helix during DNA replication (63) is used alongside first-line chemotherapy 

in order to improve treatment efficacy, especially when resistance is not yet clear 

(64). Other treatment regimens have included gemcitabine (65,66), or PEGylated 

liposomal doxorubicin (67–69). Other supplementary agents will be expanded 

upon in Section 1.1.4.2. 

1.1.4.2 Supplementary Chemotherapies & Agents 

1.1.4.2.1 Anti-angiogenics 
Anti-angiogenics are also common in OC treatment. As angiogenesis is one of 

the classic hallmarks of cancer (70), and it is well established that vascular 

endothelial-like growth factor A (VEGFA) expression is associated with EOC at 

an early stage. Blood vessel density is dependent on the OC molecular subtype 

(71). Anti-angiogenic drugs are used in OC treatment in the UK, but in a recent 

review of current treatment management, anti-angiogenics are not recommended 

to be used as standalone agents, but as a combinatory therapy to the already 

established surgery and chemotherapy treatment plans (72). Just like in platinum 

resistance, concerns over OC resistance to anti-angiogenic therapy are present. 

A number of anti-angiogenics have performed well in Phase I and II trials, 

although performance at Stage III has overall been disappointing, but 

improvements to progression-free survival (PFS) and overall survival (OS) have 

been seen.  

 

Bevacizumab (Avastin ®, Roche) (73) is a monoclonal antibody against all the 

isoforms of VEGFA , and can be used in first-line chemotherapy in OC (74–77). 

Its efficacy as a supplementary chemotherapy has been tested in a number of 

clinical trials including the GOG-0218 (74) , ICON7 for primary OC (78,79) and 

OCEANS (80), AURELIA (81) and GOG-0213 (82) for recurrent cancer. There 

have been other trials which have been well summarised by Colombo and 

colleagues (77). VEGFR2-specific inhibitors include ramucirumab (IMC-112B) an 

IgG1 specific against the receptor (83). Other tyrosine kinase inhibitors include 

sofafenib (84), sunitinib (85) and pazopanib (86). Anti-angiogenics do however, 

come with a host of side-effects that can negatively impact patient quality of life 

such as bowel perforation (87–89). 
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1.1.4.2.2 DNA-Repair Targeted Agents 
Olaparib (a poly(ADP)-ribose polymerase (PARP) inhibitor) is a common DNA 

replication targeted agent used in OC. Hereditary OC commonly results from 

germline mutations in BRCA genes (90), and there is some evidence of somatic 

mutations BRCA1 in OC tumours, too (91). BRCA1 and BRCA2, results in 

defective homologous repair of DNA, and following treatment with platinum which 

creates crosslinks between the DNA helices which homologous repair attempts 

to remove (92,93). Olaparib is therefore a strong candidate for use alongside 

platinum-agents, resulting in two-pronged approach: generate the damage, and 

then fail to repair said damage. Olaparib, and other PARP-inhibitors niraprib and 

rucaparib has proven useful for treatment of platinum-sensitive OC (93,94). 

1.1.4.2.3 Other therapy types 
There are many alternative chemotherapy agents in OC that have recently been 

thoroughly reviewed by Vetter and Hays 2018 (95). Touching upon a few others, 

inhibitors against the mitogen-associated protein kinase (MAPK)/mammalian 

target of rapamycin (mTOR) pathways, have proved to have quite toxic effects, 

mostly likely to the broad spectrum of the pathways in which these proteins are 

involved. However, as with tyrosine kinase receptors, compensatory signalling 

events can occur which inhabits therapy effectiveness (96–98). The folate alpha 

receptor has also proved to be a promising target due to its overexpression in OC 

making it target for cancer detection and for therapy (99,100). The receptor is 

specific for folates, which are involved in DNA synthesis, repair and methylation 

as they have a role in purine and thymidine biosynthesis (101). Farletuzumab is 

an antibody against folate alpha receptor which has been taken into Phase III 

clinical trials but results remain unclear (100).  

1.1.5 The Role of the Extracellular Matrix in Ovarian Cancer 
The extracellular matrix (ECM) plays an important role in OC as it not only 

influences the structure in which a tumour develops, but also influences 

metastatic progression, angiogenic signalling and therapeutic response. 

Fibronectin, fibrinogen and collagen, substrates of Factor XIIIA (FXIIIA) 

crosslinking, have been associated with poor OC prognosis. Fibronectin levels 

within ascites fluid is correlated with tumour stage and is present in OC tumour 

stroma (102,103). Fibronectin promotes metastases and cell migration (104–
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106). The increased expression of fibronectin in OC has led to consideration of 

its use as therapeutic target (107) using the small peptide, pUR4B (108) to 

decrease vessel thickness (109), decrease deposition of fibronectin and other 

ECM components and limited vasculogenesis in vitro (110).  

 

The most abundant component of ovarian ECM is collagen I (111). Collagen is 

involved in ECM remodelling and density of collagen and resulting increase in 

matrix stiffness increased aggression of cancer (112–115) and has even been 

linked to therapeutic resistance by regulation of tau protein leading to paclitaxel 

resistance (116,117). Matrix metalloproteinases (MMPs) are heavily involved in 

the tumour microenvironment (118) and can cleave matrix proteins and lead to 

adhesion in the peritoneal cavity (105). Differential expression of MMPs, in terms 

of the specific MMP and its location, contributes to OC stage (119), metastasis 

(120) and survival (121). MMPs are also able to modulate angiogenic network 

development e.g. MMP-9 promotes the release of VEGF from endothelial cells 

(122).  
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1.2 Factor XIII 

Factor XIII (FXIII) is a member of the transglutaminase (TG) family of proteins 

(123) and is the final member of the coagulation cascade. FXIIIA is a zymogen, 

a protein which exists as an inactive precursor which requires a biochemical 

change for conversion to its active form (124). It is activated in the presence of 

calcium and thrombin to exert transglutaminase activity by which it cross-links 

monomers of fibrin and other components to form stable fibrin clots (125). Cross-

linking occurs through the formation of gamma-glutamyl-epsilon-lysyl bonds, or 

isopeptide bonds (detailed in section 1.2.2). This protein has numerous roles 

outside of its crosslinking function, and details of which and details on its 

activation, structure and genetics will be provided below. FXIII is expressed in the 

plasma, platelets, fibroblasts, monocytes, and tissues such as skin, adipose and 

soft tissues, osteoblasts, placenta, and testis (126). Levels of the heterotetramer 

in normal human plasma 21.6 µg/mL (127). 

1.2.1 Structure and Forms of FXIII 
There are two forms of Factor XIII: a plasma form (pFXIII) which exists as a 320 

kDa heterotetramer comprised of two A and two B subunits (FXIII-A2B2), and a 

cellular form (cFXIII) which exists as a homodimer of A subunits found in cells of 

bone marrow origin (128,129). The FXIIIB homodimer circulates in excess in the 

human plasma (130). The methods of activation of these forms differ and will be 

discussed in Section 1.2.2. Crystal structures of native FXIIIA are not available, 

only the crystal structures of recombinant FXIIIA (Protein Data Bank: 1F13), 

representative of cFXIII, have been generated, but have proved useful in 

determining the structure, activation and interactions of FXIIIA (131–133). More 

recently, the structure of the heterotetramer, which has eluded researchers for 

years due to its size and complexity, has been published using more recent 

techniques such as atomic force microscopy (134). The X-ray structure of 

recombinant FXIIIA is presented in Figure 1-D (132,135,136).  

 

The catalytic FXIIIA homodimer is responsible for the transglutaminase activity. 

Each A subunit is 83 kDa and consists of a 37 amino acid activation peptide, a 

beta-sandwich, a core domain and two beta-barrels (137). The non-catalytic  
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Figure 1-D: Domains and Structure of FXIIIA.
Top: Schematic of the domains present with each
FXIIIA subunit, with amino acid residues noted
above each domain, not to scale. FXIIIA circulates
as a homodimer of A-subunits. The N and C
termini are flanked by untranslated regions (UTR).
The activation peptide is cleaved between from the
beta-sandwich between Arginine-37 and Glycine-
38, by thrombin in the presence of calcium. Left:
the X-ray crystallography structure of recombinant
FXIIIA with two A subunits shown (Protein
Database Number: P00488, ID: 1evu) , one in red
and one in purple. In the centre is calcium bound in
the ion site (black). This structure was visualised in
the 3Dmol.js display (Nicholas Rego and David
Koes 3Dmol.js: molecular visualization with
WebGL Bioinformatics (2015) 31 (8): 1322-1324.
doi:10.1093/bioinformatics/btu829) of the Protein
Database Summary (PDBsum, EMBL-EBI, Fox et
al. 1999 (132) Garzon et al. (unpublished work;
135). PDBSum ref: Laskowski RA, Jabłońska J,
Pravda L, Vařeková RS, Thornton JM. PDBsum:
Structural summaries of PDB entries. Protein
science.2018 Jan;27(1):129-34.
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37 38-184 185-515 516-628 629-731
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FXIIIB homodimer is made up of 10 sushi domains (138,139), synthesised in 

hepatocytes, was once thought to be purely protective of the FXIIIA homodimer 

against accidental activation within the plasma but is now considered to have a 

role in regulation (140) fibrinogen binding (141) and roles in other bleeding 

disorders (134,142). In the plasma, the heterotetramer is bound to fibrinogen 

(143). 

1.2.2 Activation of FXIIIA 
Activation of plasma Factor XIIIA requires the presence of thrombin and calcium 

ions (Ca2+) in order to cleave the 37 amino acid activation peptide (FXIII-AP) from 

the N-terminus of the protein (144). The activation peptide is unique to FXIII, as 

none of the other transglutaminases possess one. Cleavage of the FXIII-AP and 

binding of calcium results in a conformational change of the FXIIIA homodimer 

subunit and dissociation of the FXIIIB homodimer (133,145). Change to the 

conformation results in the exposure of the catalytic triad: Cysteine-314, 

Histidine-373 and Asparagine-396 (131,146). Once the FXIII-AP is cleaved, 

although the X-ray crystallography structures of the inactive and activated 

proteins do not differ greatly, biochemical experiments have demonstrated a 

number of structural changes occur with various acetylation and alkylation steps 

resulting in FXIIIA activation, which has been nicely summarised by Komáromi 

and colleagues (130). The active site is located at cysteine-314. Due to the lack 

of crystal structure for the FXIII heterotetramer, a lot of the current knowledge 

heavily relies on computer modelling and biochemical assays.  

 

Intracellular FXIII (cFXIII) does not require thrombin cleavage of the FXIII-AP for 

exertion of its transglutaminase activity (124,147–149). cFXIII is found in platelets 

(124,150), in the cytoplasm of cells of monocytes and macrophages (129), in 

osteoblasts where secretion leads to extracellular matrix formation within the 

bone (151,152) and in nuclei of macrophages culture in vitro (153). However, as 

the FXIII lacks the classical secretory signalling tags, it is still unclear how FXIII 

gets out of these cells. Recently, however, FXIIIA has been found to interact with 

endothelial cells and FXIIIA was found on the surface of platelets (150), and may 

be transported to the cell surface of nucleated haematopoietic cells but the exact 

nature of secretion still remains to be determined (154).  
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Once FXIIIA is activated, it is able to crosslink a variety of substrates including 

fibrin, vitronectin, collagen, and fibronectin (155). Although fully summarized by 

Ariëns and colleagues in their review of fibrin clot formation, in short, the 

transglutaminase activity forms isopeptide bonds between substrate monomers 

to form complex molecular matrices (156,157). A complex is formed between 

protein-bound glutamine residue and the catalytic triad, resulting in the release of 

ammonia when a thioester bond is made between the glutamine and active site 

(158). This highly reactive thioester bond and will react with an acyl-acceptor 

amine such as a primary amine, polyamine or protein-bound lysine which forms 

the final isopeptide bond (156,159–161). A summary of the cross-linking of fibrin 

in shown in Figure 1-F (161). FXIIIA often becomes crosslinked within the 

matrices, and is also able to bind inhibitors of fibrinolysis such as a2-

antiplasminogen (155,162). Over 100 potentially reactive glutamine residues 

have been identified with which FXIIIA may interact (155,163). 

1.2.3 The Roles of FXIIIA 
1.2.3.1 Pregnancy and Miscarriage 
FXIIIA has numerous roles, well summarised in the 2011 review of Factor XIII by 

Muszbek and colleagues (164), in addition to the previously mentioned cross-

linking and subsequent stabilisation of fibrin clots. FXIIIA is necessary for the 

maintenance of pregnancy due to its role in healthy placental development 

(13,165–168). Mutations within the gene for FXIIIA (Section 1.2.4) can result in 

FXIII deficiency and patients suffer recurrent miscarriage, and this symptom often 

leads to the initial diagnosis of FXIII deficiency (169). The 34Leu variant from the 

single nucleotide polymorphism (SNP) Val34Leu  has been associated with 

recurrent miscarriage and reviewed several times in the recent literature (170–

172). The polymorphism Tyr204Phe has also been associated with miscarriage 

(166). 

1.2.3.2 Inflammation and Associated Disease 
FXIII is also involved in inflammation and immune-response (173,174), as FXIIIA 

is highly expressed in monocytes and macrophages. An upregulation of FXIIIA  

mRNA was identified in macrophages stimulated with interleukin-4 (IL-4) 

(representing the alternative pathway for macrophages) with protein expression 

11-fold higher than baseline on day 5 of cell culture (175). Stimulation of the 

‘classical’ activation pathway for macrophages in this same study resulted in a   
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Figure 1-F: Cartoon of Fibrin Crosslinking by Factor XIIIA. As well as 
activating the transglutaminase, FXIIIA, thrombin cleaves fibrinogen into its fibrin 
monomers, resulting in the release of fibrinopeptides. Fibrin monomers rapidly 
form dimers through bonds between their E and D subunits. Fibrin polymers are 
formed though the crosslinking reaction catalysed by transglutaminases such as 
FXIIIA. Adapted from Shi and Wang (2017) (161). 
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downregulation of FXIIIA mRNA. FXIIIA has been associated with inflammatory 

disease such as arthritis (176), asthma (177), ulcerative colitis (174) and 

necrotizing enterocolitis (178).  

 

Coagulation factors, including FXIIIA, have been linked to osteoclast deposition 

of bone matrices (151,152) and inflammation which can lead to progression in 

inflammatory arthritis. Collagen makes up a large percentage of the bone matrix 

and fibrinogen circulating in the plasma forms the majority of the fibrin-component  

(179,180) and is a substrate for both transglutaminase-2 (TGM2) and FXIIIA 

(181). Elimination of FXIIIA limited the development and progression of arthritis 

through a decrease in pro-inflammatory cytokines interleukin-6 (IL-6) and 

interleukin 1-beta (IL-1b) and a decrease in pro-osteoclast differentiation by 

nuclear factor-kB ligand (RANKL) (176). However, some have found that bone 

mineralisation and deposition is unaffected in FXIIIA -/- mice (182), and suggest 

that the role of FXIIIA may instead be involved in degradation of the matrix rather 

than bone mineralization. A lack of FXIIIA also increased bone marrow 

adipogenesis and in FXIIIA -/- mice plasma fibrinogen was retained in the serum 

and the bone marrow instead of bone deposition (181). The role of FXIIIA in 

inflammatory diseases such as arthritis requires further exploration as the precise 

signalling and effects on disease remain to be fully understood.  

1.2.3.3 Angiogenesis  
FXIIIA is involved in the promotion of angiogenic signalling, (Figure 1-G). 

Angiogenesis is not to be confused with neovasculogenesis, as angiogenesis is 

recruitment of an already established blood supply rather development of new 

vessels such as in embryogenesis (183). Dardik and colleagues have performed 

most of the experiments and developed the hypotheses surrounding the 

molecular mechanisms through which FXIIIA exerts its angiogenic effect (184). 

As FXIII was already demonstrated to be vital for pregnancy, tissue remodelling 

and wound-healing, Dardik et al. hypothesised that FXIII was having an effect on 

angiogenic signalling, as angiogenesis is an important component for these 

processes (185). Stimulation of human umbilical vein endothelial cells (HUVECs) 

with activated FXIIIA identified that FXIIIA increased HUVEC migration in Boyden 

chamber and wound-migration assays.  
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Figure 1-G: The role of Factor XIIIA in the promotion of angiogenic 
signalling. Active FXIIIA crosslinks the of the β3 portion of the integrin αvβ3 to 
the tyrosine kinase receptor, VEGFR2, to form a non-covalent complex which 
results in phosphorylation i.e. activation or the receptor. Phosphorylation of the 
tyrosine kinase receptor (RTK) leads to the phosphorylation of pro-proliferative 
and pro-survival signalling, with demonstrated upregulation of Egr-1 (yellow 
arrows). There is also upregulation of c-Jun, resulting in a cascade of signalling 
which inhibits TSP-1, an inhibitor of angiogenesis, which leads to the promotion 
of angiogenesis. Abbreviations: protein kinase B (Akt), extracellular signal-related 
kinases (ERK), early growth response protein-1 (Egr-1), Wilm’s Tumour progein 
(WT-1), thrombospondin-1 (TSP-1), vascular endothelial-like growth factor-2 
(VEGFR2). Adapted from Dardik et al. 2006 (186). 
  

α β

pp
pp

p p

VEGFR-2
Tyrosine kinase 
receptor

autophosphorylation

Akt
ERK Egr-1

C-Jun
WT-1

TSP-1Survival
Proliferation

Angiogenesis

Integrin αvβ3

FXIIIA



 

	

22 

FXIIIA-treated HUVECs also exhibited a decrease in apoptosis and an increase 

in survival. Analysis of mRNA identified near complete absence of mRNA for 

thrombospondin-1 (TSP-1), an inhibitor of angiogenic signalling, suggesting that 

FXIIIA promotes angiogenesis through downregulation of a key system brake. 

Experiments performed in vivo on rabbit corneas by the same team also resulted 

a visible increase in blood vessel formation, and immunohistochemical staining 

demonstrated positive TSP-1 staining in stromal fibroblasts which were negative 

for staining in the FXIIIA-treated corneas. Subsequent co-immunoprecipitation 

experiments later on, revealed FXIIIA mediated the crosslinking of the β3 portion 

of the integrin αvβ3 to the vascular endothelial-like growth factor receptor-2 

(VEGFR2) and led to phosphorylation of VEGFR2 (187). The formation of the 

complex was dependent on the transglutaminase activity of FXIIIA.  

 

Classical activation of the VEGFR2 by vascular endothelial-like growth factor-A 

(VEGFA) is traditionally how angiogenic signalling is thought to be promoted, and 

indeed the kinetics of the VEGFA-induced VEGFR2 phosphorylation are faster 

than FXIIIA-induced VEGFR2 phosphorylation, but Dardik et al.’s work suggested 

that FXIIIA crosslinking of the integrin and receptor was important in maintenance 

of the angiogenic signalling. FXIIIA was unable to enhance the maximal VEGFA-

induced proliferation and cell migration seen in HUVECS and FXIIIA did not 

increase the amounts of VEGFA or VEGFR2 protein (187). Further work, in the 

same 2005 study, through mRNA and protein expression analysis via Western 

Blot detailed the effects of FXIIIA-induced VEGFR2 phosphorylation on 

angiogenic signalling, (Figure 1-G).  

 

1.2.4 Gene 
The gene for Factor XIIIA, F13A1, is found on chromosome 6 (p24- 25) and is 

comprised of 15 exons and encode for the 83 kDa Factor XIIIA subunit. Two of 

these subunits make up the Factor XIIIA homodimer which is responsible for the 

catalytic activity of the protein. The F13A1 gene is highly polymorphic, but only a 

handful of SNPs are present >1% in the normal population and have been 

investigated for their contribution to diseases and deficiency of FXIII.  
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1.2.4.1 SNP Numbering 
Numbering of single nucleotide polymorphisms in this thesis will follow numbering 

with the starter methionine (ATG= 0) (164), (Figure 1-H). 

1.2.4.2 Important SNPS in F13A1 
There are several common non-synonymous SNPs within the F13A1 gene, 

(Table 1-H,C). The 5 commonly researched are: 103G>T, Val34Leu:(rs5985); 

614A>T, Tyr204Phe:(rs3024477); 1694C>T, Pro564Leu:(rs5982); 1951G>A, 

Val650Ile:(rs5987); and 1954G>C, Glu651Gln:(rs5988). The promoter region 

SNP -246G>A (-2331 bases from the translation start codon) with a rare allele 

frequency of 0.27 was not included in this thesis due to lack of lack of information 

on its associations with disease and its biochemical/molecular 

interactions/consequences. The SNP T1766A (L588Q) in exon 13 also has a rare 

allele frequency of 3%, and no work to date has associated it with disease (188).  

 

These SNPs have been investigated for associations with numerous diseases, 

discussed further in Sections 1.2.5 and 1.2.6, and how they influence the levels 

and activity of FXIIIA (166,189). Leu34, Tyr204 and Leu564 variants were 

associated with high specific activity of FXIIIA (166). Leu564 was also associated 

with low plasma levels (189). Amino acid changes at the 650 and 651 codons 

appeared to have very little effect on the specific activity of FXIIIA. An earlier 

study by Kohler et al. also found 34Leu to be associated with higher crosslinking 

activity (190), likely due to an increase in the cleavage rate by thrombin for this 

variant (191). In a linkage study, the only main functional polymorphism which 

affected FXIIIA activity was 103G>T (Val34Leu) (192).  

 

1.2.5 FXIII and Thrombotic Disease  
Polymorphisms within F13A1 have been linked to numerous thrombotic diseases, 

such as ischaemic stroke (IS) (193,194), deep vein thrombosis (DVT) (195,196) 

and myocardial infarction (MI) (197,198). The crosslinking of fibrin gamma and 

alpha monomers forms stable clots at sites of wound-healing (156,157,194). 

Crosslinks increase the stiffness of the clot and crosslinking of plasma proteins 
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Figure 1-H: Location of Common Single Nucleotide Polymorphisms in the F13A1
gene. (A) Schematic diagram of single nucleotide polymorphism locations with respect
to the domains within the FXIIIA protein, adapted from Muszbek et al. 2011. (B) Location
of SNPs with respect to the secondary structure of the FXIIIA protein. This diagram was
republished with permission of American Society of Hematology from Ariëns et al. 100(3)
2002; permission conveyed through Copyright Clearance Centre, Inc. The image from
Ariëns et al used the x-ray crystallography coordinates from Weiss et al. (1998). (C) A
table of SNPs with an allele frequency > 1% in the normal population. Allele frequencies
were acquired from the genome aggregation database (gnomAD,
https://gnomad.broadinstitute.org) for a European population.

SNP rs Number Amino Acid Change F13A1  Exon Allele Frequency
103G>T rs5985 Val34Leu 2 0.76/0.24
614A>T rs3024477 Tyr204Phe 5 0.97/0.03
1694C>T rs5982 Pro564Leu 12 0.79/0.21
1951G>A rs5987 Val650Ile 14 0.95/0.05
1954C>T rs5988 Glu651Gln 14 0.78/0.22

Frequent Single Nucleotide Polymorphisms (SNPs) in F13A1
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 such as α2-antiplasmin and type-2 plasminogen-activator inhibitor to fibrin 

prevent it’s degradation (162,199,200).  

 
Contraction of FXIII-deficient clots appeared to have impaired clot retraction 

(201–203) but results have proved to be mixed in conclusion. Some concern lay 

in the experimental methodologies as cystamine, an inhibitor of 

transglutaminases, and used in clot contraction studies and may have decreased 

thrombin activity so differences seen may because of altered thrombin, which 

affected fibrinogen cleavage and FXIIIA activation, both heavily involved in clot 

formation (204). Composition of the clots may be affected by FXIIIA as deficiency 

led to an decrease in the red blood cell (RBC) content of thrombi due to changed 

clot elasticity and a loss of RBC trapping (205–207). 

 

The SNPs 103G>T (Val34Leu) and 1694C>T (Pro564Leu) have been associated 

with ischemic stroke (208), The 34Leu variant produced tighter crosslinking (191) 

which alters clot stiffness as composition, as mentioned above, and this may lead 

to clots which are more difficult to break down (209). It is not just polymorphisms 

which may contribute to thrombotic disease, as levels and activity of FXIII in 

patients with early stage DVT or patients with pulmonary embolisms (PE) were 

significantly decreased (196,210). It was suggested that the decrease seen in D-

dimer, a product of crosslinked fibrin, and plasma fibrinogen levels meant that in 

PE coagulation factor consumption was higher. However, the findings of the 

Val34Leu contribution to thrombotic risk has been debated. Some protective 

effects of Leu-carriers, limited to men, have been seen by Van Hylckama and 

colleagues (196). In a large meta-analysis of 3807 cases and 4993 controls found 

a very weak to no association between the Val34Leu polymorphism and ischemic 

stroke (193). Therefore, a greater breadth of studies is required to establish links 

between FXIIIA polymorphisms and ischemic stroke and thrombotic disease 

risks.  

 
1.2.6 Factor XIII and Cancer 
Transglutaminases, including FXIII, have been explored in cancer (211). Factor 

XIII has been explored in several cancer types in terms of its activity, plasma 

levels, protein expression and mutational status, with quite varying results with 

regard to its contribution to cancer prognosis. Lower levels of plasma FXIII were 
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seen in breast cancer and melanoma, compared to other tumours (212). Bone 

metastases have higher levels of FXIIIA compared to liver and lymph nodes 

metastases when studied in prostate cancer-associated metastases (213), and 

was hypothesised to be involved in angiogenic recruitment. FXIIIA activity levels 

were higher in patients with advanced non-small cell lung cancer (NSCLC) 

compared to early-stage and healthy control patients (214). However, a study of 

B-cell lymphoblastic leukaemia found that positive FXIIIA expression levels within 

B-cell lineage leukemic lymphoblasts (215), measured by flow-cytometry, was 

associated with long term survival indicating a benefit of FXIIIA to cancer 

prognosis (216). Earlier studies had established FXIIIA as marker of mono- and 

megakaryocytic acute myeloid leukaemia and chronic myelomonocytic 

leukaemia, but little is known about the influence of FXIIIA on survival for these 

types of leukaemia (217,218). With respect to FXIIIA polymorphisms, 

heterozygous patients for Val34Leu had a decreased risk of colorectal cancer 

(219) but heterozygotes and homozygous Leu-carriers for the SNP had an 

increased risk of oral cancer development (220).  

1.2.6.1 Factor XIII and Ovarian Cancer 
Investigations into FXIIIA with respect to OC have been limited in sample size, 

but did result in some interesting hypotheses. FXIIIA plasma levels were 

measured in a small study of 58 patients with malignant (n=32) or benign tumours 

(n=26) (221). Of these patients, 9 had evidence of metastases in lymph nodes or 

in peritoneal tissues. This set of 58 patients were compared to an age-matched 

healthy control group of women (n=31). Plasma FXIIIA levels were significantly 

higher in those with tumours, including benign and malignant tumours, compared 

to the healthy control group. It was hypothesised that FXIIIA may be released by 

cells within the tumour. However, malignant tumours that had metastasized had 

significantly lower levels compared to non-metastatic tumours. It was 

hypothesised that this may be due to the consumption of FXIIIA during the 

crosslinking to form the tumour matrices. Van Wersch noted that earlier work had 

established an increase in coagulation activation and reactive fibrinolysis in 

gynaecological tumours.  

 

Van Wersch also suggested that the decrease in metastatic OC tumours maybe 

due to the degradation of FXIIIA by granulocyte proteases in the tumour 

microenvironment, although levels of granulocyte proteases were not measured 
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in this study. Interestingly, plasma fibrinogen levels measured in this same study, 

did not significantly differ between healthy controls, benign, non-metastatic and 

metastatic disease. This suggested that the decrease in FXIIIA plasma levels was 

more due to consumption during matrix crosslinking of other proteins or perhaps 

FXIIIA was exerting another role in metastatic OC.   

1.3 Development of the PhD Project 

The work, albeit limited, by van Wersch et al. established that Factor XIII may 

have a role in ovarian cancer (OC), particularly for metastatic disease. Decreased 

plasma levels in metastatic tumours compared to benign disease suggests that 

Factor XIII may be being used up whilst exerting an affect. Further work was 

required to elucidate the role Factor XIII may be having in OC. Up until this point 

however, very little work was undertaken to explore FXIII in OC. Fibrin has been 

identified in the lining of the peritoneum and ascites of tumour-bearing mice (222). 

Microvasculature in the tumours studied also allowed for deposition of fibrinogen, 

suggesting a link between fibrin deposition and the initiation of angiogenesis and 

tumour stroma (222). A crosslinked fibrin matrix is very important for the 

development of an angiogenic network and has been explored in matrices with 

different components and fibrin densities (223–225). Given the associations 

between polymorphisms in FXIIIA and other cancers, a gap opened up in the 

literature for a more in-depth study, exploring a different facet of FXIII contribution 

to OC.  

1.3.1 The Edinburgh Leeds Oxford (ELO) Patient Cohort 
The Anwar Lab at the University of Leeds proceeded to undertake a multicentre 

study of OC patients from Edinburgh, Leeds and Oxford (ELO) (n=612, Table 1-

3). Patient  genotypes were analysed for SNPs within F13A1 and the cohort was 

examined for associations between prognostic factors in OC and overall survival 

(OS) which ultimately formed the foundation of this PhD Project. The key findings 

of this study identified associations between OS and two F13A1 SNPs 1951G>A 

and 1954G>C. These SNPs had not been previously associated with disease  
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Table 1-3: Distribution of Prognostic Factors from the ELO Cohort of 

Ovarian Cancer Patients (n=629) 
 

 
The median age at diagnosis was 60 years but the median age into the study 
was 62 years of age, therefore on average and prior entry to the study, patients 
had survived for two years. Other histologies comprised mucinous, mixed cell, 
undifferentiated, mullerian mixed and translational cell carcinomas and 
adenocarcinomas. FIGO (International Federation of Gynaecology and 
Obstetrics). Table from Anwar R et al. Coagulation factor XIIIA and cancer 
(unpublished manuscript). 
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phenotypes and demonstrated to not have any significant effect on levels or 

specific activity of FXIIIA (166). These two SNPs are found in complete linkage 

disequilibrium with one another: 1951A is not found without 1954C, however 

1954C can be found on its own.  

 

Carriage of 1951A was significantly associated with geographical location 

(p=0.001) and tumour histology (p=0.001). In univariate survival analysis, carriers 

of the alternative allele 1951A (G/A and A/A) demonstrated a poorer prognosis 

compared to wildtype individuals (p=0.004), whereas carriers of 1954C (where 

1951G>A genotype was wildtype (G/G)) appeared to have a better prognosis, 

although not significantly so, compared to wildtype individuals (p=0.087), (Table 

1-4). Upon exploration in multivariate modelling via a Cox Proportional Hazards 

Regression Model, (Figure 1-I and Table 1-5), both 1951G>A and 1954G>C were 

significant predictors of overall survival. Patients who carried the alternative allele 

for SNP 1951G>A (G/A or A/A) were twice as likely to die compared to wildtype 

patients (HR=2.10, p=0.002, 95% CI: 1.32-3.33). In contrast, 1954C carriers (G/C 

or C/C) had a significant benefit to their OS with a hazard ratio <1.00 (HR=0.6, 

p=0.003, 95% CI: 0.42-0.84).  

1.3.1.1 Mature Survival Data: The Leeds Sub-cohort 
Mature survival data was available for the Leeds sub-cohort of the ELO cohort of 

OC patients and presented an opportunity to demonstrate whether the 

associations seen in the initial analysis held for long term survival follow-up. Long 

term follow-up is very valuable to cancer studies as analyses can be repeated to 

see how associations may change over time i.e. is the benefit of a SNP only 

beneficial up until a certain time, and then its benefit is lost? By exploring the 

mature survival data, the respective detriment and benefit to overall survival of 

1951G>A and 1954G>C can be tested to assess their contribution to long term 

survival, as OC is typically followed up for many years if first-line therapy and 

subsequent treatments are successful.  

1.3.2 ICON7 
It was clear that any associations between F13A1 SNPs and ovarian cancer 

would have to be repeated in another cohort of patients, but ideally, a newly 

diagnosed cohort of women. This cohort would remove the inherent bias towards  
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Table 1-4: Summary of Univariate Survival Analysis in ELO Cohort 

 
The table above demonstrates the total number of patients per genotype, the % 
dead, % censored/alive at the end of follow-up and the median overall survival 
(OS) with the lower and uppermost values for OS given in parentheses. The bold 
1954G>C presents the cases that were all homozygous at 1951G>A (G/G) and 
therefore represent s the benefit of 1954C on its own with overall survival in 
univariate analysis. P-values considered significant if p<0.05. Taken from Anwar 
R et al. Coagulation factor XIIIA and cancer (unpublished manuscript). 

 
Figure 1-I: Survivor function plots from the Cox Model generated for the 
ELO Cohort to demonstrate overall survival for carriers of the F13A1 SNPs 
1951G>A and 1954G>C. Hazard Ratios (HR) and 95% Confidence Intervals (CI) 
are given for each plot. Carriage of the alternative A allele at 1951G>A resulted 
in a poorer overall survival compared to wildtype patients. Carriage of the 
alternative C allele at 1954G>C resulted in improved overall survival compared 
to wildtype patients. These two SNPs are in complete linkage disequilibrium with 
one another: 1951A is not found without 1954C, but 1954C can be found on its 
own, but SNPs were plotted separately to clearly demonstrate their respective 
effects. Figures taken from Anwar R et al. Coagulation factor XIIIA and cancer 
(unpublished manuscript) 

HR = 2.10, p=0.002
95% CI: 1.32-3.32 

HR = 0.60, p=0.003
95% CI: 0.42-0.84
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Table 1-5: Cox Proportional Hazards Regression Model for ELO Cohort 

 
The Cox Proportional Hazards Regression Model was used to calculate hazard 
ratios (HR) and to test the significance of covariates as predictors of overall 
survival.  Eight cases for which FIGO (international Federation of Gynaecology 
and Obstetrics) stage was unknown were excluded from the model. The analysis 
was stratified by ‘centre’. Age at diagnosis was treated as a continuous variable. 
A stepwise regression methodology to systematically remove non-significant 
covariates from the model until only significant covariates as predictors of survival 
remained. A hazard ratio >1 indicates an increased risk of death compared to the 
baseline covariate (HR=1.00), and a hazard ratio <1 indicates a decreased risk 
of death compared to the baseline covariate. 95% confidence intervals (CI) are 
provided, and p-values were considered significant if p<0.05. Taken from Anwar 
R et al. Coagulation factor XIIIA and cancer (unpublished manuscript). 
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survivors of at least two years, which was present in the ELO Cohort, and noted 

in the long median survival of 7.2 years. A newly diagnosed cohort of patients 

was available through the ICON7 clinical trial, which compared treatment arms: 

1) the addition of bevacizumab (7.5 mg/kg given for 12 months, every 3 weeks), 

a monoclonal antibody against all isoforms VEGFA, to the standard OC treatment 

regimen of carboplatin (AUC 5 or 6, AUC= area under curve, based on the Calvert 

Formula (226,227), every 3 weeks for 6 cycles) and paclitaxel (175 mg/m2, every 

3 weeks for 6 cycles); 2) carboplatin and paclitaxel only in the aforementioned 

dosing schedule (78). A sub-cohort of the full cohort (n=448) consented for their 

blood and tissues samples to be used in translational research, and these 

samples were available for study in this PhD project.  

 

The ICON7 trial (n=1528) outcomes demonstrated a significant benefit of only 1.7 

months in median progression free survival (17.3 month for chemotherapy alone 

vs. 19.0 months for bevacizumab and chemotherapy, HR=0.81, 95% CI: 0.70-

.94, p=0.004). Women at high risk of disease progression (a novel variable 

defined as women with inoperable or with >1 cm of disease margin remaining 

post-surgery and/or FIGO Stage IIIC/IV disease) responded better in terms of 

median PFS with a benefit of 5.4 month for those treated with bevacizumab, 

compared to those treated with chemotherapy alone (HR=0.68, 95% CI: 0.55-

0.85, p<0.001). After completion of follow-up for those in the clinical trial, Oza and 

colleagues presented the final findings of the ICON7 trial for the survival intervals 

measured: PFS and OS (79). Progression-free survival findings complemented 

the initial analysis (78), although there was a reduced effect with the extended 

follow up (log rank test, p=0.25) in the high risk group. No overall survival benefit 

was identified when the whole trial was analysed, but a benefit to OS was seen 

for women with high risk of disease progression (restricted mean survival time 

34.5 months for standard chemotherapy and 39.3 months for additional 

bevacizumab (log rank test p=0.03)).  

 

The reason why women with high risk of disease progression benefited with 

bevacizumab over those who were not at high risk, presents hypotheses 

regarding potential interactions between bevacizumab and advanced cancer or 

differences between the risk states of the patients that make them more 

responsive to the anti-angiogenic therapy.. Although there are many processes 
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and proteins involved in angiogenesis and therapeutic response, one protein 

which could be contributing is Factor XIIIA. It has already been established that 

plasma levels of FXIIIA are increased in patients with OC, and lower in metastatic 

compared to non-metastatic disease  (221) and that FXIIIA has a role in pro-

angiogenic signalling by crosslinking integrin avb3 to VEGFR2, the same tyrosine 

kinase receptor that VEGFA, the target of bevacizumab, activates. FXIIIA may 

be influencing the tumour microenvironment, either through crosslinking tumour 

matrices or through an effect of the angiogenic receptor cross-linking, in such a 

way that makes bevacizumab treatment more successful in those at high risk of 

disease progression.  

 

The ELO cohort study by the Anwar Lab identified that carriage of the 1951G>A 

polymorphism results in poorer overall survival, meaning that these patients are 

more likely to progress in their disease. Therefore, is it possible that 1951G>A is 

associated with higher risk disease and do women with this SNP respond better 

to bevacizumab? 1954G>C which appears protective may be associated with 

lower risk of disease progression. FXIIIA variants do influence levels, activity and 

structure of the crosslinked products, and to date, no studies have been 

performed to investigate the effect that these variants may be having in OC. 

These variants may be influencing therapeutic response in some manner yet to 

be understood. 

 

Therefore, it was important to explore the FXIIIA variants in the available sub-

cohort of OC patients from the ICON7 clinical trial (n=448), and to test whether 

the variants of FXIIIA were associated with prognostic factors and survival 

intervals in OC. This work would confirm the findings seen in the ELO Cohort by 

Anwar et al. and could shed light on how, if at all, FXIIIA is affecting OC and 

whether variants are associated with therapeutic response to bevacizumab or to 

the standard chemotherapy regimen. Tissues, set into tissue microarrays were 

also available from the ICON7 sub-cohort and this would be the first study to stain 

for FXIIIA protein in OC to determine whether the protein is present, and if so, to 

what extent and in which locations. Associations between FXIIIA variants and 

levels of staining could also be tested for, which again, would make this one of 

the first studies to do so in OC. From these findings, there would be potential to 

explore FXIIIA in in vitro experiments to test whether variants could be influencing 
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vital cancer processes such as angiogenesis. Even if 1951G>A and 1954G>C 

FXIIIA variants are not associated directly with survival intervals or therapeutic 

response in the ICON7 cohort, the breadth of the available variables within the 

clinical data mean that novel associations may be identified.  

1.3.3 Key Questions and Aims for this PhD 
 

• Aim: Are F13A1 SNPs of value for long-term survival?  

 

Hypothesis: SNPs 1951G>A and 1954>C will maintain their respective 

influences on survival in long term follow-up.  

 

• Aim: Are F13A1 SNPs associated with OC prognostic factors, survival 

intervals and therapeutic response in a newly diagnosed cohort of 

women? 

 

Hypotheses: FXIIIA variants are associated with OC prognostic factors, 

survival intervals and therapeutic response. As this is a newly diagnosed 

cohort of women, novel associations, particularly for early survival may 

be found. It would be expected that 1951G>A and 1954G>C would have 

their respective detrimental and beneficial effect on OS in the newly 

diagnosed cohort of women. 

 

• Aim: Is FXIIIA expressed in OC tissues and if so, is expression 

associated with prognostic factors, survival or therapeutic response? 

 

Hypothesis: FXIIIA will be highly expressed in OC stroma, given it’s role 

as a crosslinker of cancer associated extracellular matrix proteins and 

role in angiogenesis. It also may be expressed in tumour-associated 

immune cells given the expression of cFXIII in monocytes and 

macrophages 

 

• Aim: Are the variants of FXIIIA influencing cancer associated molecular 

events such as angiogenesis?  
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Hypotheses: Based on the results from the clinical data cohorts (ELO 

and ICON7), and the tissue expression analysis, is it possible that if 

FXIIIA is affecting survival intervals either through its variants or very 

presence, could it be influencing angiogenesis? Even in the absence of 

direct influence on OC outcome, these experiments are still worth 

performing as the influence of FXIIIA variants on its role in angiogenesis 

is yet to be explored. 
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Chapter 2: Materials and Methods 

2.1 Patient Samples 

2.1.1 Peripheral Blood DNAs 
Peripheral blood DNAs for patients from the Leeds Cohort were extracted from 

fully consenting patients by E. Valleley and L. Gallivan, University of Leeds. 

Ethics approval was granted by the Leeds Clinical Research Ethics Committee: 

Project No: 00/189 (Appendix 1). Peripheral blood DNA samples from the ICON7 

translation cohort were kindly provided by the Medical Research Council (MRC) 

Council ICON7 Trial Biorepository (n=448) at University College London. 

Samples were provided at a DNA concentration of 1 µg in 20 µl (1 µl = 50 ng). 

Samples were diluted to 7.14 ng/µl in 10 mM Tris-HCL pH 7.5 (10 µl of stock DNA 

(500 ng) + 60 µl of 10 mM Tris-HCl pH 7.5) and stored at -20°C. Ethical approval 

was granted for ICON7 samples in translational research (MREC Approval 

Number: 06/MRE02/52, ISTCTN: 91273375, 21/09/2006 v1) and this project was 

reviewed and approved by the ICON7 Committee before sample release 

(Appendix 1). Separate ethical approval is not required for approved projects.  

2.1.2 Tissue Microarrays 
Tumour/stroma microarrays were also kindly provided by the Medical Research 

Council ICON7 Trial. Tumour/stroma microarrays were prepared and sectioned 

at the University of Cambridge and 4 µm sections were cut onto SuperFrost Plus 

glass slides (Thermo Scientific, Fisher Scientific). Tissues were arranged into the 

tissue microarrays by a histopathologist at The University of Cambridge and three 

types of microarray were made: Tumour, Tumour and Stroma, Stroma.  

2.1.3 Frozen OC Tissues 
Tumour and benign frozen tissue samples were kindly provided by the Leeds 

Research Tissue Bank (LRTB, http://mulitrtb.leeds.ac.uk/index.php) upon 

approval of our project by the LRTB Committee and separate ethical approval is 

not required for approved projects as all samples collected have approval for 

translational research. These tissues were mounted on autoclaved, de-ionised 

MilliQ water and cut on a cryostat for slides at 7 µm sections onto SuperFrost 

Plus glass slides.  
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2.1.4 Tissues for Antibody Workup 
Fully anonymised formalin-fixed paraffin-embedded tissues were kindly provided 

by the Pathology department (University of Leeds) for work up of the antibodies 

used in immunohistochemistry. All tissues were completely anonymised and had 

ethics in place for translational research and for workup purpose. 

2.2 Common Buffers and Solutions 

• Milli-Q water (dH2O): filtered and deionised water, henceforth stated as 

dH2O, unless water source otherwise stated. 

• Tris Buffered Saline (TBS): A 10X working stock of TBS was made by 

dissolving 24 g of Tris Base (MW: 121.14 g/mol, Cat #: BP151-1, Fisher 

Scientific, Fairlawn, NJ, USA) and 88 g of sodium chloride (NaCl, MW: 

58.44 g, Cat #: 27810.364, VWR Chemicals, Lutterworth, UK) in 800 

millilitres (mL) of dH2O, with pH adjusted to 7.6 with concentrated HCl, and 

then made up to a total volume of 1 litre (L) with dH2O. A 1X working stock 

was made by diluted 100 mL of 10X TBS with 900 mL of dH2O.  

• Tris Buffered Saline plus Tween (TBS-T): 10X TBS was diluted to a 1X 

working stock plus 0.0125% Tween-20 (Cat #: BP337-100, Fisher 

Scientific, Fairlow, NJ, USA). Final molar concentration of 1X solution were 

20 mN Tris and 150 mM NaCl.  

• Phosphate Buffered Saline (PBS): 5 solid PBS tablets (Cat #: P4417-1, 

Sigma Aldrich) were dissolved in 1 L of dH2O to give working 1X PBS stock 

solution.  

• PBS plus Tween (PBS-T): 1X PBS plus 0.0125% Tween-20. 

• Ethylenediaminetetraacetic acid (EDTA) Buffer: 0.1 M stock of EDTA 

made and pH was adjusted to 8.0 with sodium hydroxide (NaOH).  

• Tris-Acetate-EDTA Buffer for Horizontal Agarose Gel 
Electrophoresis: 50X stock solution made with pH adjusted to 8.0 with 

sodium hydroxide. The 1X working solution final concentration was 40 mM 

Tris-acetate and 1 mM EDTA.  

• Nuclease Free Water: not-DEPC treated (Cat No: AM9937 (Ambion, 

Fisher Scientific) 

• 5% Non-fat Dried Milk in PBS for Western Blotting: 2.5 g of skimmed 

milk powder (Marvel) was dissolved in 50 mL of PBS. 
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• Citrate Buffer for Antigen Retrieval: A 10 mM citrate buffer was made 

and pH was adjusted to 6.0 with concentrated HCl. 

• RIPA Buffer for Protein Extraction: 150 mM sodium chloride, 1% 

nonidet p-40 (NP-40), 0.5% sodium deoxycholate, 0.1% sodium dodecyl 

sulfate (SDS) and 50 mM of pH 8.0 Tris.  

2.3 PCR Amplification of Exons 

2.3.1 Primers 
All primers were purchased from Sigma-Aldrich and a summary of primers used 

in PCR can be found in Table 2-1. Primers were made up to a concentration of 

100 mM with the manufacturer recommended volume of nuclease free water and 

stored at -20°C. Primer mastermixes of forward and reverse primers were made 

at 5X working concentration (10 µl of 100 mM Forward primer, 10 µl of 100 mM 

Reverse primer, 180 µl of nuclease-free water) and were stored at -20°C. 

Table 2-1: Primer Sequences for F13A1 Amplification 

 
2.3.2 PCR Set-up and Protocol 
Each PCR Reaction was performed in a total volume of 10-20 µl with 

corresponding volumes of reagents adjusted accordingly. For a 10 µl reaction 

volume: 5 µl of HotShot Diamond PCR Mastermix (Clent Life Science, 

Stourbridge, UK), 2 µl of 5X primer mastermix (see Section 2.2.2) and 3 µl of 

peripheral blood DNA with every reaction having at least 20 ng of DNA per 

reaction. PCR Reactions were run for 40 cycles on a PTC-200 Thermal Cycler 

(MJ Research, DNA Engine, Ramsey, USA): Step 1: 96°C for 6 mins, Step 2 

92°C for 2 mins, Step 3 Annealing Temperature (AT) (see Table 2-1) for 1 min, 

Step 4: 72°C for 1 min, cycling back through Steps 2 through 4 for 39 more cycles, 

followed by a final cycle for 2 mins at 92°C, 1 min at the AT, and a final extension 

step at 72°C for 10 mins. 

2.3.3 Horizontal Gel Electrophoresis 
PCR products were visualised following amplification using agarose gels via 

horizontal gel electrophoresis. Agarose concentrations varied between 1.5% and 

F13A1  Exon Direction Primer Sequence (5' to 3') Primer Length
(bp)

Annealing 
Temperature

(AT) (�)

Product Size
(bp)

Forward TAT GCA AAC GGC AAA ATG TG 20
Reverse ACC CCA GTG GAG ACA GAG G 19
Forward CCC AAC AAG TGC AGT ACA CG 20
Reverse ACG GGC AAT AAC ACC TAG CA 20
Forward TGT ATC ATA AAA CTC TAG TAA AAG TG 26
Reverse TGG GGA GCA GAT CTA TG 17

 Exon 2

Exon 12

Exon 14 328

384

454

58

63

65
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3% depending on size of PCR product amplified. Agarose (Cat #: 50004, 

SeaKem LG Agarose, Lonza, Basel, Switzerland) was weighed out, mixed with 

50X TAE and made up to the appropriate volume of water to give a final 

percentage of TAE which matched the agarose concentration in w/v i.e. 1.5 g of 

agarose plus 3 mL of 50X TAE plus 97 mL dH2O gives a 1.5X final TAE 

concentration. The solution was boiled in a microwave to melt the agarose. 

Ethidium bromide was added to the gel and poured into gel cassettes. Gels were 

run at 60-120V, the higher the percentage, the lower the voltage, for 45-80 

minutes, the higher percentage the longer the time. Images were then taken on 

a UV transilluminator (Bio-Rad).  

2.4 Sanger Sequencing  

2.4.1 Clean-up of PCR Product 
PCR products were purified using the ExoSAP-IT Cleanup Reagent (Affymetrix, 

Thermo Fisher Scientific, Waltham, MA, USA), for use in sequencing and further 

PCR reactions. Briefly, 1 µl of ExoSAP-IT was used for every 2.5 µl of PCR 

product. Products were incubated at 37°C for 30 mins followed by 80°C for 15 

mins to inactivate the enzyme. 

2.4.2 Sequencing Reaction 
BigDye Terminator Cycle sequencing v3.1 (2.1.1) was used to sequence PCR 

products in order to analyse genotypes in of F13A1 in patient samples. In a 

reaction, 1 µl of BigDye v3.1 Ready Reaction Mix, 2 µl of 5X BigDye sequencing 

buffer, 3 µl of PCR product cleaned up with ExoSAP-IT (2.3.1) and 4 µl of 

nuclease-free dH2O was placed in a thermocycler and incubated at 96°C for 1 

minute, followed by 25 cycles of 96°C for 10 seconds, 50°C for 5 seconds, 60°C 

for 5 seconds, with a final extension step at 60°C for 4 minutes.  

2.4.3 DNA Precipitation 
Sequencing reaction products (10 µl) were precipitated by EDTA/Ethanol 

precipitation (3.1 µl of 100 mM EDTA and 29.4 µl of 100% ethanol, for a final 

concentration of 9.5 mM EDTA and 90.5% ethanol) and the plate was centrifuged 

at 2960 relative centrifugal force (rcf) for 30 minutes at room temperature. Excess 

solution was tapped out of the plate onto tissue in one swift but gentle motion, 

and the plate was then placed upside down onto tissue in the centrifuge for a 3 

second spin at 10 rcf removed the final remnants. Wells were washed with an 
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ethanol wash of 60 µl of 70% ethanol), and centrifuged for 15 minutes at 4°C at 

780 rcf. Excess solution was removed from the plates as before onto tissue with 

a gentle spin onto tissue at 10 rcf for 7 seconds. Plates were dried on a hot block 

until all ethanol had evaporated. 

2.4.4 Sequence Visualisation 
Precipitates were resuspended in 10 µl of HiDi Formamide (Applied Biosystems) 

and resolved at 60°C using a 36 centimetre (cm) array on an ABI3130xl Genetic 

Analyser (Applied Biosystems) using POP7 polymer, 3730 sequencing buffer and 

FragmentAnalysis36_pop7_1 modules for all runs. Electropherograms were 

processed and base-called then visualised in 4Peaks 

(http://nucleobytes.com/4peaks), Figure 2-A.   

2.5 Immunohistochemistry 

2.5.1 Tissue Sectioning 
Formalin-fixed paraffin-embedded tissues were sectioned at a thickness of 4 um 

onto SuperFrost Plus slides and left to dry at 37°C overnight. Slides were then 

recovered in a layer of paraffin-wax to prevent any antigen degradation.  

2.5.2 Antibodies 
Tissues were stained for FXIIIA protein using the Human Protein Atlas Antibody 

HPA001804 (Rabbit IgG1) against the recombinant protein epitope signature tag 

(PREST Antigen) for F13A1 at a dilution of 1:200 on paraffin-embedded tissue 

sections, (Table 2-2). Antibody specificity was confirmed via Western Blot with 

detection of the expected 83 kDa fragment in human peripheral blood monocytic 

cell lysate  and recombinant yeast lysates for FXIIIA wildtype protein and control 

AH22 yeast lysate (kindly provided by E. Elfaki, University of Leeds), (Figure 2-

A).  
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Figure 2-A: Representative Electropherograms in 4Peaks software, to 
analyse sequencing traces for the F13A1 SNPs in amplified exons from patient 
peripheral blood DNA. The SNPs and the exon in which they are present are 
listed on the left. The codon of interest is highlighted in yellow. If homozygous, 
the electropherogram peak is clearly defined by the presence of a single peak. In 
the case of heterozygous carriage of alleles, two, near-overlapping peaks are 
present, representing detection of each possible allele.  
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Figure 2-B: Western Blot to confirm detection of FXIIIA using antibody 
HPA001804. The expected size of the FXIIIA subunit is 83 kDa (with approximate 
location on the maker given by the red arrow. In each lane, 20 ng of protein was 
loaded and run on a 4-12% Bis-Trix Novex Gel (ThermoFisher Scientific, UK) 
Human peripheral blood monocytic cells (Human PBMCs) and recombinant 
AH22 Saccromyces cerevisae lysate (yeast lysates) from FXIIIA wildtype 
recombinant yeast and yeast without the plasmid (AH22 –ve (negative)) were 
used to test antibody specificity. Proteins were transferred to PVDF membrane. 
Membrane was blocked in 5% non-fat dried milk and incubated with the primary 
antibody (HPA001804, at 1:500) overnight at 4C. Following washes, membrane 
was incubated with the secondary goat-anti rabbit-HRP (1:2000) for 2 hours at 
room temperature, with subsequent washes and chemi-luminescent substrate 
detection (Section 2.10).  
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Figure 2-C: Staining of human placenta to test HPA001804 for the detection 
of FXIIIA. Human placenta is a positive control tissue, as FXIIIA protein is highly 
expressed. Top: no primary antibody incubated with the tissue, only antibody 
diluent was used. A 10X molar excess of the recombinant protein epitope 
signature tag (PrEST antigen) was incubated with HPA001804 according to the 
manufacturer’s instructions for 30 mins at room temperature and then incubated 
with the tissue for 2 hours as per the standard immunohistochemistry protocol. 
The presence of the epitope in excess would ensure complete binding of the 
antibody so that it was unavailable to bind to FXIIIA in the tissue. This is a control 
to ensure the antibody is specific to the epitope it was raised against. Bottom: 
positive staining of FXIIIA protein detected in human placenta, as shown by the 
brown staining. The blue staining is from counterstaining of nuclei with 
haematoxylin. The black bar in the bottom right hand corner represents 100 µm. 
Images have been manually increased by 40% for brightness for clarity. Images 
taken on a Nikon Eclipse E1000 Microscope, using a 10X objective lens. 
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2.5.3 Staining Protocol 
Slides were dewaxed in 3 washes of xylene (Cat #: X/0200/17, Fisher Scientific) 

and rehydrated in 3 washes in absolute ethanol (Cat #: 32221, Sigma Aldrich), 

and rinsed in running tap water for 5 mins. Slides underwent antigen retrieval by 

boiling in 10 mM citrate buffer, pH 6.0, for 10 minutes followed by a 20-minute 

cooling period at room temperature. Slides were rinsed in 1X TBS for 5 minutes. 

 

An endogenous peroxidase block solution was made by adding 10 mL of 30% 

v/v hydrogen peroxide (Cat #: H/1800/15, Fisher Scientific) into 250 mL of 

methanol (Cat #: M/4056/17, Fisher Scientific). This solution was made fresh just 

prior to the endogenous peroxidase block step and slides placed into the solution 

for 20 minutes at room temperature and then rinsed in running tap water for 5 

mins. Tissues were then blocked for background with undiluted antibody diluent 

(Cat #: 003128, Life Technologies, Frederick, MD, USA) for 15 mins at room 

temperature in a humidity chamber.  

 

Primary antibody was diluted in undiluted antibody diluent and incubated with the 

tissue for 2 hours. Controls for staining included: a) no primary: undiluted antibody 

diluent in the absence of primary antibody b) Isotype control: to test whether the 

backbone of the primary antibody IgG1 would interact with the tissue. Isotype 

control was the same species as the primary (rabbit IgG1) and used at the same 

final concentration as the primary antibody. Slides were washed three times, 

twice with TBS-T and once with TBS. Tissues were incubated with horseradish 

peroxidase (HRP)-conjugated anti-rabbit/mouse secondary antibody (EnVision 

Dual Link System-HRP (DAB+), Cat #: K4065, Dako, Carpinteria, CA, USA) and 

slides were washed as before. 

 

Positive staining was detected by diaminobenzene (DAB) interaction with HRP to 

produce brown staining. 100 µl of DAB solution made according to the 

manufacturer’s instruction in the kit (EnVision, Dako) was added to each tissue 

and incubated in the fume hood for 10 minutes. Slides were rinsed in running tap 

water for 5 minutes. Counter-staining was performed with Mayer’s Haemotoxylin 

(Cat #: MH832, Sigma Aldrich) and Scott’s Tap water (20 g sodium bicarbonate 

plus 3.5 g magnesium sulphate dissolved in 1 L of dH2O). After dehydration 

ethanol and xylene, coverslips were mounted onto each slide with xylene-based 
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DePex mounting reagent. (Cat #: 18243.02, Serva Electropheresis GmbH, 

Heidelberg, Germany).  

2.5.4 Quantification in QuPath 
Tissue microarray staining for FXIIIA was quantified using the QuPath software. 

Firstly, slides were scanned by the Pathology department. Raw images were 

loaded into QuPath. For each tissue microarray slide, the image was de-arrayed 

to identify each core and each core was manually checked for quality control 

purpose. Any folded cores or cores in which artefacts were clearly present were 

labelled as “missing”. Staining vectors were estimated for haematoxylin and DAB 

staining, and these vectors were used in the script for analysis of each tissue 

microarray. A simple tissue detection scan was performed and then positive cells 

were detected with measurements taken at defined weak, intermediate and 

strong staining. H-Score and Allred scores were generated for each core and 

data was exported as a text file for later collation with clinical data and subsequent 

statistical analysis. 

A full copy of the QuPath script used is provided in the Appendix 2. 

2.6 Immunofluorescence 

2.6.1 Cryosectioning of Frozen Tissues 
Tissues were sectioned on a cryostat at 7 µm sections onto SuperFrost Plus 

glass slides. Slides were left to air dry at room temperature for at least 30 minutes. 

Slides were tightly wrapped in tinfoil to prevent frost formation and stored at -

80°C.  

2.6.2 Antibodies 
Antibodies dilutions were worked up on frozen control tissues. A full list of 

antibodies used for immunofluorescent staining can be found in Table 2-2. 

Antibodies were diluted in a freshly prepared antibody diluent comprised of 1X 

PBS and 1% bovine serum albumin (BSA). 

 
 
 
 

2.6.3 Staining Protocol for Frozen Tissues 
Slides were defrosted for 30 mins at room temperature, and then fixed in 4% 

paraformaldehyde in PBS (Cat #: SC-281692, Chem Cruz, Santa Cruz 
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Biotechnology, Dallas, TX, USA) for 20 mins, washed three times for 5 mins each 

in 1X PBS, then permeabilised with methanol at -20°C for 10 mins. No antigen-

retrieval was performed for frozen section. Tissues were then blocked in a freshly 

prepared blocking buffer (1X PBS with 5% normal goat serum (G9023, Sigma 

Aldrich)) for 1 hour. Primary antibodies were diluted in freshly prepared antibody 

dilution buffer (1X PBS plus 1% bovine serum albumin) and incubated with the 

tissue for 2 hours. Slides were washed with 3, 5 minute washes in PBS and then 

incubated with an AlexaFluor-conjugated secondary antibody for 1 hour, (Table 

2-3). Slides were washed and coverslips were mounted using ProLong Gold with 

DAPI (Cat #: P36935, Invitrogen, ThermoFisher Scientific). 

 

Table 2-3: Secondary Antibodies used in Immunofluorescent Staining 

 

2.6.4 Microscopy 
Immunofluorescent staining was visualised with a Zeiss Microscope (Zeiss 

Imager.Z1 Ax10) and images visualised in AxioVS40 V4.8.2.0. A FITC Emission 

filter (wavelength 530 nm) was used for the detection of the AF488-conjugated 

secondary antibody. A TexasRed Emission filter (wavelength 610 nm) was used 

for the detection of the AF594-conjugated secondary antibody. A DAPI emission 

filter (wavelength 440 nm) was used to detect DAPI-stained nuclei. Images were 

acquired with a 63X oil objective lens. 

2.7 Cell Culture 

Human umbilical vein endothelial cells (HUVEC) were purchased from Lonza 

(Cat #: C2519AS, pooled HUVEC in EGM-2, pre-screened for angiogenesis) and 

cultured in fully supplemented EGM-2 medium, according to the 

recommendations by Lonza (see 2.7.1 for details). Cell doubling time for HUVEC 

is approximately 27 hours (Figure 2-D), in line with expected doubling times 

provided by Lonza (228). 

 

 

 

 

 

Species Isotype AlexaFluor Conjugate Company Dilution Catalog Number Final Conc
Goat anti-Rabbit IgG AF488 Invitrogen 1 in 2000 A-11034 2 µg/mL
Goat anti-Mouse IgG AF594 Invitrogen 1 in 2000 A-11032 2 µg/mL
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Figure 2-D: Cell Doubling Time for HUVEC. 200000 cells (HUVECs, passage 
2) were seeded in triplicate T25 cell culture flasks, for 4 time points (12 flasks in 
total) in fully supplemented EGM-2 Medium at 37°C, 5% CO2. Every 24 hours, 
cells from triplicate flasks for the respective time points were trypisinised and 
counted using Trypan Blue and the Countess Slides for use in the Countess II 
Automated Cell Counter System (ThermoFisher Scientific). Results above are 
from a single experiment with each time point representative of counts from 
triplicate T25 flasks (n=3). Data were plotted in Graphpad Prism and an 
exponential growth curve was fitted to the data (Y=Y0*exp(k*X)). Error bars 
represent standard deviation around the mean.  
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2.7.1 Cell Culture Reagents 
• Cell Culture Medium: HUVEC were culture in fully supplemented 

endothelial cell growth medium, EGM-2, according to the culturing 

recommendations provided by Lonza. EGM-2 (Cat #: CC-3162, 

Endothelial Cell Growth Medium-2 BulletKit, Lonza) was comprised of 

EBM-2 Basal Medium (EBM) and supplemented with SingleQuots (Cat #: 

CC-4716, Lonza). Supplement concentrations were proprietary 

information, but the final volumes of growth factors were as follows: 2% 

fetal calf serum, 0.04% hydrocortisone, 0.4% human fibroblastic growth 

factor-B, 0.1% vascular endothelial-like growth factor, 0.1% R3-insulin-like 

growth factor, 0.1% human epidermal growth factor, 0.1% gentamicin 

sulfate-Amphotericin, 0.1% heparin. The final concentration of VEGF in 

the supplemented medium was between 1.4-2.3 ng/mL (personal 

communication, Lonza Scientific Support). Medium stored at 4°C. 

• Trypsin-EDTA: A 10X stock (Cat #: 15400-054, Life Technologies, 

Carlsbad, USA) was diluted with sterile Dubecco’s PBS (see below) before 

use. Components of 10X Stock: Tryspin 0.5% w/v, EDTA salt 0.9 mM, 

sodium chloride 146.5 mM. Stored at 4°C. 

• Fetal Calf Serum (FCS): (Cat #: F7524-500ML, Sigma Aldrich, St Louis, 

USA).  Stored at 4°C. 

• Phosphate Buffered Saline (PBS): Dulbecco’s Sterile 1X PBS (Cat #: 

14190-094, Sigma Aldrich), lacking calcium chloride and magnesium 

chloride, stored at room temperature. 

• Freezing Medium: 90% FCS plus 10% dimethyl sulfoxide (DMSO, Cat # 

D8418, Sigma Aldrich), stored at 4°C.  

2.7.1 Generation of Frozen Cell Stocks 
HUVEC were grown to 80% confluence in a T75 culture flask, trypsin added 

and detached cells spun at 200 G for 5 mins. Cells were resuspended in 1 mL 

of freezing medium and transferred to a cryovial. Cryovials were placed into a 

Mr Frosty filled with isopropanol (BP2618-212, Fisher Scientific) slow-cool box 

at -80°C for at least 24 hours. Cryovials were then transferred to liquid nitrogen 

for long-term storage.  
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2.8 Cell Viability and Proliferation Tests 

Cell viability was measured using (3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide) (MTT) reagent (229) (Cat #: M2128, Sigma Aldrich) 

which is reduced by viable cells from a yellow, water soluble solution to purple 

formazan crystals, which are insoluble. Medium was removed from cells and then 

were incubated with MTT reagent at final concentration of 1 mg/mL in EGM-2 

medium for 3 hours at 37°C, 5% CO2. The MTT reagent was then removed of 

and disposed of via appropriate hazardous waste routes. Formazan crystals were 

resuspended in 100 µl of isopropanol (Cat #: BP2618-212, Fisher Scientific) and 

shaken on a flatbed rotary shaker for 15 mins at room temperature. The optical 

density of the now purple solution was on a plate reader at 620 nm. Background 

measurements were taken from medium only wells.  

 

This test can be used as a measure of proliferation, and was initially developed 

by Mosmann and colleagues as an alternative to radioactive thymidine 

incorporation into DNA to measure proliferation(229,230). However, it is a 

measure of cell viability and therefore only assumptions regarding proliferation 

can be made i.e. it is assumed that the increase in proliferation compared to a 

control well (set at 100% viability) results from viability measures >100%.  

2.8.1 Effect of VEGFA on HUVEC Viability  
HUVECs were seeded in 96 well plates at 10000 cells/well using two independent 

populations of HUVECs. Cells were allowed to adhere overnight and the following 

morning were treated with VEGFA-165 (Cat #: H9166-10UG, Sigma Aldrich) at a 

range of concentrations from 0.5 ng/mL-50 ng/mL in EGM-2 medium, in triplicate 

wells. Bevacizumab (Avastin, Roche) was used in wells at a 2.6 : 1 molar ratio of 

bevacizumab to VEGFA concentrations of 25 ng/mL and 50 ng/mL. Bevacizumab 

was diluted to appropriate working concentrations from its 25 mg/mL stock with 

sterile 0.9% sodium chloride. Cells were incubated with the treatment for 48 

hours, to allow one cell replication to occur, given the cell doubling time of 

approximately 32 hours). Treatment medium was removed and MTT reagent 
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Figure 2-E: HUVEC Cell number required for absorbance measurement in 
an MTT Assay. HUVEC cells were plated from 1000-100000 cells per well and 
left to adhere overnight. The following morning cells were incubated with MTT 
reagent (1 mg/mL in EGM-2 medium) for 3 hours at 37°C, 5% CO2. MTT agent 
was removed and formazan crystals resuspended in 100 µl of isopropanol and 
read at 620 nm. The purpose of this experiment was to assess on average, the 
absorbance measurement for different HUVEC seeding densities. As too few 
cells would result in inaccurate measurements due to issues in assay sensitivity. 
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 added as described in Section 2.8, above. HUVEC viability was also measured 

over a 72-hour period to assess whether 10 ng/mL or 25 ng/mL VEGFA was most 

appropriate for long-term endothelial tube formation i.e. was there any toxicity 

from long term exposure.  

2.9 Endothelial Tube Formation Assay (ETFA) 

2.9.1 Thin-layer angiogenesis assay 
An adapted protocol from Faulkner and colleagues was used to generate thin 

layer angiogenesis assays (231). A thin layer of GelTrex LDEV-free Low Growth 

Factor basement matrix (Cat #: A1413202, Gibco, ThermoFisher Scientific, 

Waltham, MA, USA) was pipetted using a multistep pipette to deposit 5 µl of 

matrix per well of a 96 well plate incubated on ice. Matrix was then spread gently 

using the insert of a 1 mL combi-tip. Matrix covered plates were incubated at 

37°C for at least 30 minutes to solidify the matrix. HUVECs were serum-starved 

for 3.5 hours (232,233) in EBM medium without FCS or any supplements. 

HUVECs were seeded at test densities (2000-16000 cells per well) and then for 

later experiments, cells were seeded at the chosen density of 6000 cells per well 

of a 96 well plate. Cell counts were performed using the Countess II Automated 

Cell Counter (Cat #: AMQAX1000, ThermoFisher Scientific). A final volume of 

cell growth medium, containing cells and treatments, of 200 µl was added on top 

of the matrix and incubated at 37°C, 5% CO2 in the Incucyte (Essen Bioscience, 

Welwyn Garden City, UK) (Section 2.9.3) or on the LIPSI (Nikon, Amsterdam, 

Netherlands) (Section 2.9.4) for 24 hours. Cells were stimulated to form tubes by 

the addition of VEGFA-165 (Cat #: H9166-10UG, a 10000 ng stock of lyophylised 

powder resuspended in filter sterilised 0.1% bovine serum albumin). Cells were 

stained with CytoPainter-488 (500X stock lyophilised powder resuspended in 500 

µl of DMSO, Cat # ab176735, Abcam, Cambridge, UK) for 10 mins at room 

temperature prior to plating, to aid cell tracking on the imaging platforms. 

2.9.2 Activation of FXIIIA variants for use in ETFA 
Factor (FXIIIA) variants were added to the treatment medium in the ETFA in 

either active or inactive states. Purified recombinant protein was purified and 

activity measured by FXIIIA activity assay by E. Elfaki (University of Leeds). The 

circulating concentration of FXIIIA within the plasma is approximately 1 

International Unit (IU)/mL, with 0.01-0.03 IU/mL being sufficient to prevent 

bleeding (234). Factor XIIIA was activated in the presence of bovine thrombin 

(0.1 U per 0.02 IU of FXIIIA), (185) and 10 mM calcium chloride for 30 minutes at 
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37°C, 5% CO2. Bovine thrombin stock (2000 U/mL Stock, Cat #: T4648-1KU, 

Sigma Aldrich). Thrombin was then inhibited with D-phenylalanyl-N-[(1S)-4-

[(aminoiminomethyl)amino]-1-(2-chloroacetyl)butyl]-L-prolinamide, 

trifluoroacetate salt (PPACK, 1 mg/mL stock from lyophilised powder 

resuspended in DMSO, Cat #15160, Cayman Chemical, Ann Arbor, USA): 140 

ug/mL inhibits 0.5 U of thrombin, for 10 mins at 37°C, 5% CO2. (235). Inactive 

FXIIIA variants were treated in the same way as the active variants but in the 

absence of thrombin and PPACK, with PBS used to replace volumes.  

 

In the Incucyte & LIPSI Experiments, 0.05 IU/mL of FXIIIA was used. In the 12 

well assay for protein harvest from HUVECs actively undergoing tube formation, 

0.005 IU/mL was used. Cells were stimulated with ten times less FXIIIA (0.005 

IU/mL rather than 0.05 IU/mL) as preliminary experiments identified that the new 

batch of FXIIIA recombinant protein which was generated and purified for these 

experiments, although had a lower activity in an activity assay and activated in 

the same manner as the protein for the LIPSI experiment, the density of the 

crosslinks meant that the cells were unable to migrate. A lower concentration of 

FXIIIA resulted in migration similar to that seen in the LIPSI experiment, and was 

used in the 12 well assay. 

2.9.3 HUVEC Seeding Density for ETFA: Incucyte 
Thin layer tube formation assays were generated as described in Section 2.9.1. 

Cells were stained with Cytopainter-488 (as described in Section 2.9.1) and were 

plated at test densities of 2000-16000 cells per well in triplicate wells and 

incubated in the Incucyte for 23 hours. Live cells images from each well were 

recorded every hour and average network length was quantified using the 

Angiogenesis Analyzer for ImageJ (236,237). 

2.9.4 Effect of FXIIIA Variants on Endothelial Tube Formation: LIPSI 
The purpose of these experiments was to assess the effect of FXIIIA Val34Leu 

variants on endothelial tube formation. A thin layer ETFA were set up as 

described in Section 2.9.1, but plated in black 96-well plates (Greiner Bio-One 

SCREENSTAR, Cat #655866, FisherScientific). HUVECs were seeded at 6000 

cells/well. Cells were treated with VEGFA at 25 ng/mL alone or VEGFA plus 0.05 

IU/mL of active or inactive FXIIIA variants: Val/Val (wildtype), Val/Leu 

(heterozygous) or Leu/Leu (homozygous alternative) for a total of 32 hours. 
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Appropriate buffer controls were FXIIIA variants were activated as described in 

Section 2.9.2. Tube networks were manually measured for triplicate wells over 

23 hours using the Nikon Elements Advanced Research (AR) software.  

2.9.5 Measure of Angiogenic Signalling Axis in Active HUVEC Tube 
Formation 

Cells were harvested according to the protocol developed by Xie and colleagues 

(238). ETFA experiments were scaled up to 12 well plates, with 100 ul of GelTrex 

basement matrix spread on the base of the wells. FXIIIA variants (0.005 IU/mL) 

and VEGFA (25 ng/mL) were added to HUVECs seeded at density of 1.5 x105 

cells per well in triplicate wells per condition. Medium only and VEGFA only 

controls were also performed. Briefly, plates were transferred to ice where cell 

medium was removed and cells were washed with 1 mL of 1X ice-cold Dulbecco’s 

PBS. 1 mL of ice-cold PBS-2.5 mM EDTA buffer was added to the wells and 

incubated on ice for 10 mins. Cells were dislodged using a 1000 µl pipette tip with 

the end cut off to make a wide-bore pipette tip, and transferred to a cold 15 ml 

falcon tube kept on ice at all times. Wells were washed at least 4 times with ice-

cold PBS-2.5 mM EDTA until all matrix and cells had been dislodged. Tubes were 

kept on ice for 4 hours and inverted every 30 minutes until the extracellular matrix 

had dissolved. Falcon tubes were then spun at 1620 rcf at 0°C, supernatant was 

removed and cell pellets resuspended in 1 mL of ice cold PBS and placed into a 

1.5 mL centrifuge tube. Tubes were then spun for 5 minutes at 3000 rcf at 0°C. 

Supernatant was removed and cell pellets were lysed, as per Section 2.10.1. 

2.10 Western Blotting 

2.10.1 Protein Extraction 
Proteins were extracted from HUVECs using RIPA buffer supplemented with 

cOmplete™ EDTA-free protease inhibitor (Roche, Cat#: 11873580001, working 

stock made according to the manufacturer’s instructions) on ice for 30 minutes 

on ice and then spun at maximum rpm on a benchtop mini-centrifuge at 4°C. 

Protein concentration assays were undertaken using a Pierce BCA assay (Cat #: 

23225, ThermoFisher Scientific), according to the manufacturer’s instructions. 

Proteins were extracted from HUVEC actively undergoing endothelial tube 

formation. Cells were harvested after 5.5 hours of incubation. Phosphatase 

inhibitors were not used in these experiments. In hindsight, this would have been 

used to ensure that there was no degradation of phospho-proteins during cell 
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lysis. However, all steps prior to cell lysis from the point of cell harvest were 

performed on ice or spun at 0°C. Prior to lysis the cells were on ice for 4 hours 

and it is highly unlikely that any cell enzymes would be active at these 

temperatures. The demonstration of successful phospho-proteins in the Western 

Blots presented in Chapter 6, Figure 6-G, indicates that phosphotases were 

unlikely to have been active as the cells were chilled for a significant period of 

time. If phosphatases were active, then little or very poor-quality staining would 

have been seen across the Western Blot membrane. However, for future 

experiments, the use of phosphatase inhibitors such as PhosSTOP™(Sigma, Cat 

#: 4906845001) would be an extra step to ensure no degradation by 

phosphatases occurs within cell lysate samples. 

2.10.2 SDS-PAGE 
Samples were prepared to desired protein concentrations in 10X Bolt LDS 

Sample Reducing Agent (Cat #: B0009, Invitrogen, ThermoFisher Scientific) and 

4X Bolt LDS Sample Buffer (Cat #: B0007, Invitrogen, ThermoFisher Scientific) 

and heated to 70°C for ten minutes. Samples were loaded onto 10 well or 15 well 

4-12% Bis-Tris NuPAGE Gels (Cat #: NP0321BOX, 10 well or NP0336BOX, 15 

well, Invitrogen, ThermoFisher Scientific) and run at 80V for 2hr 30mins in 

NuPAGE MOPS SDS Running Buffer (made to 1X working stock from the 20X 

Stock, Cat #: NP0001, Invitrogen, ThermoFisher Scientific). Proteins were 

transferred onto PVDF 0.45 µm Transfer Membrane (Cat #: 88518, Invitrogen, 

ThermoFisher Scientific) using NuPAGE Transfer Buffer (made to 1X from the 

20X Stock, Cat #: NP0006, Invitrogen, ThermoFisher Scientific) supplemented 

with Bolt Antioxidant (Cat #: BT0005, Invitrogen, ThermoFisher Scientific. 

Proteins were transferred for 2 hours. The membrane was then blocked with 5% 

non-fat dried milk in PBS for 1 hour.  

2.10.3 Antibodies and Incubation Protocol 
A full list of all primary antibodies used for Western Blots can be found in Table 

2-3. The secondary antibodies were: Goat anti-Rabbit HRP-conjugated or Goat 

anti-Mouse HRP-conjugated for detection by chemiluminescent methods 

(Section 2.9.4). Antibodies were diluted at the appropriate concentrations in 5% 

non-fat dried milk or 5% BSA in PBS for phospho-primary antibodies. Membranes 

were incubated overnight at 4°C. Membranes were washed with 3, 10 minute 
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washes with PBS and then incubated with secondary appropriate to the species 

of the primary: Goat anti-Rabbit-HRP in 5% non-fat dried milk (1:2000).  

2.9.3.1 Loading Control 
GAPDH (Cat #: GTX10018, Genetex, 1:10000) was used a loading control and 

secondary used was Goat-anti Mouse-HRP (Cat #: M32407, Life Technologies) 

in 5% non-fat dried milk (1:2000). 

 

2.9.4 Chemiluminescent Detection of HRP-linked Secondary 
Antibodies 
Following 3, 10 minute washes with PBS, membranes were incubated in a 1:1 

ratio of solutions A and B from the SuperSignal West Femto Maximum Sensitivity 

Substrate (Cat #: 34095, ThermoFisher Scientific) for a few minutes at room 

temperature before being imaged on a ChemiDoc (BioRad).  

2.9.5 Quantification 
Fiji is Just ImageJ (Fiji) was used to quantify the protein bands detected on the 

Western Blot, using the Gel Analysis Toolset (237,239). Bands were normalised 

to the normally growing HUVEC passage 4 protein levels and to a GAPDH 

loading control. Graphpad Prism 7 for MacOS (v7.0d) was used to generate 

figures and run statistical analysis, where appropriate. 

2.10 Statistical Analysis 

2.10.1 Software 
Analysis of the clinical cohorts and survival data analysis was undertaken in Stata 

v13.11 and later, v15.1. Many thanks to the Epidemiology Team (Clinical 

Sciences Building, University of Leeds) for help and guidance during the transfer 

of the files to the new software. Analysis of other experiments was undertaken in 

Graphpad Prism 7 for MacOS. Power analysis was performed in ‘R’ (R 3.6.0 GUI 

1.70 El Capitan build (7657) (240).  

2.10.2 Power Analysis 
Owzar et al.’s rare allele frequency survSNP package (241)was used to run the 

power analysis for multivariate modelling. The full manual for the survSNP 

package is available online through https://bitbucket.org/kowzar/survsnp (242). 

Variables used: Genotype Hazard Ratio (GHR): 0.5-2.0 (in increments of 0.1),  
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Sample size (n): 256 (Leeds) and 488 (ICON7), Relative risk allele frequency 

(raf): dependent on F13A1 SNP, Event Rate (erate): death rate 0.410 (Leeds) 

and 0.546 (ICON7), probability that the time to event in the population exceeds 

landmark lm (pilm): 0.5, Landmark (lm):1, model “additive”, test “additive”, alpha: 

0.5. Power was calculated for each SNP and then plotted in Microsoft Excel for 

Mac. 

2.10.3 Descriptive Statistics 
Analysis of cell work took place in GraphPad Prism. For the network lengths from 

endothelial tube formation, average network length was calculated for each hour 

from triplicate wells. Overall average for all hours (0-23) was also calculated. 

D’Agostino & Pearson and Shapiro-Wilk normality tests were run to test for 

normal distribution of the data. Non-normality resulted in non-parametric tests 

between groups to be used i.e. Kruskal-Wallis Test with Dunn’s multiple 

comparison test was used to compare the differences between average group 

ranks. 

2.10.4 Tests for Associations 
Clinical data cohort analyses were undertaken in Stata. Chi-square tests of 

association were performed between categorical variables of prognostic factors 

and SNPs. Alpha was set at 0.05, and p-value were considered significant if 

p<0.05.  

2.10.5 Survival Analysis 
There was only one survival interval available for the Leeds Cohort (Chapter 3): 

overall survival. There were three survival intervals available for the ICON7 

cohort: progression-free survival (PFS) which represents time from entry to a 

progression-event (as defined by the ICON7 protocol (243)), overall survival (OS) 

which represents the time from entry to death or censorship, and survival post-

progression (SPP) which is the time between the progression event and death. 

2.10.5.1 Univariate Survival Analysis: Kaplan-Meier & Log Rank Tests 
For univariate survival analysis, which tested the contribution of a single 

categorical variable on survival intervals, Kaplan-Meier plots were generated to 

provide a visual representation of the relationships between the covariate of 

interest and survival. Log rank tests examined the significance of the covariate 

on survival, with p<0.05 indicating a significant association with the survival 

interval.  
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2.10.5.2 Multivariate Survival Analysis: Cox Proportional Hazards 
Regression Modelling 

Cox Proportional Hazards Regression Modelling was used as a multivariate 

assessment of covariates on the survival intervals. An “all-in-one” approach 

rather than a step-wise regression approach was used in model generation with 

all covariate results reported, regardless of whether they were significant 

predictors of survival were reported. It was felt that this was more appropriate 

when studying the contribution of SNPs and prognostic factors in survival as the 

contribution of each covariate in a disease as heterogeneous and complex as 

cancer is unknown. Where the number within each category was small, 

categories were combined in order to prevent skew by small numbers. The Cox 

Proportional Hazards Model assumes proportional hazards and this assumption 

was tested for each model produced.   
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Chapter 3: F13A1 SNPs in Ovarian Cancer: Mature Survival 
Data 

3.1 Introduction 

The ability of FXIIIA to crosslink extracellular matrices and it further roles within 

inflammation, wound-healing and angiogenesis and the differing plasma levels 

between benign and metastatic disease could be important in ovarian cancer 

(OC)development and/or maintenance. Studies have already assessed the role 

of FXIIIA protein in terms of levels and activity in the plasma in several cancers 

(212,214,221). Investigations have also been undertaken to assess the role 

polymorphisms within the gene for FXIIIA, F13A1, may have with regard to their 

contribution to disease development i.e. 103G>T (Val34Leu) and thrombotic 

disease. The work on OC and FXIIIA to date is limited, but has demonstrated a 

potential role for this protein and its respective gene in OC.  

 

Previous work in 2003 undertaken by the Anwar Lab investigated a national, 

multi-centre, study (n=629) of a cross-section of patients at various stages of 

disease follow-up, and identified that two SNPs within F13A1, 1951G>A (rs5987) 

and 1954G>C (rs5988) were associated with overall survival prognosis in OC 

patients (Chapter 1, Project Development, unpublished work). Patients were 

recruited from centres in Edinburgh, Leeds and Oxford (ELO). In the ELO Cohort, 

there was a high median survival of 7.2 years which was likely due to the inherent 

bias in the cohort towards EOC patients who had survived at least two years prior 

to their recruitment into the study.  

 

The mature, most recent follow-up, survival data collected in October 2016, was 

available for the Leeds sub-cohort, only. This provided a valuable opportunity to 

assess whether the previously seen associations with OS still held over the 13-

year period, or whether any new associations could be identified for either benefit 

or detriment to OS. Analysis of long term survival has been undertaken in other 

cancer types to help identify those patients who survive and what makes them or 

their cancer different from others (244–246). Understanding of long-term survival 

assists disease management and ultimately leads to better outcomes for patients. 

For the purpose of this analysis, the Leeds sub-cohort (n=258/629) was extracted 

from the original ELO study and analysed independently by K Hutchinson to 
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ensure the ELO findings held within this smaller cohort of patients. Secondly, the 

mature survival data was then analysed and the findings are compared and 

discussed.  

3.2 The Leeds Cohort (n=258) 

3.2.1 Cohort Characteristics 
A summary of the distribution of prognostic factors can be found in Table 3-1. A 

total of 258 women consented for their peripheral blood DNA to be collected and 

clinical data used in translational research. Maximum follow-up time was 21.9 

years (Range: 0.11-21.86 years), and median survival was 7.07 years, Figure 3-

A. At the end of follow-up in 2003, 105 patients had died (41%) and 151 were 

alive (59%), n=256 as survival data was missing for two patients.  

3.2.2. Power Analysis 
Power analysis tools are widely available for case-control studies and the study 

of SNP genotypes on disease risk. In case-control studies, SNP prevalence is 

measure in a “control/normal/healthy” population and is compared to a 

“test/disease-state population. However, the cohort under investigation in this 

chapter is not a case-control type of study, as all patients have ovarian cancer 

and the outcome of interest is time-to-event data i.e. death or survival. A tool 

found to assist with measuring the power for this cohort size was the ‘survSNP’ 

package, developed by Owzar and colleagues at Duke University, for the 

statistical software ‘R’ (241). Full details of the package can be found in Chapter 

2 (Section 2.10 – Statistical Analysis).  

 

Rare allele frequencies (RAF), also known as minor allele frequencies (MAF) 

were obtained from the genome association database (gnomAD) for each of the 

SNPs investigated. An analysis of power for hazard ratios between 0.5 and 2.0 

is presented in Figure 3-A. It is harder to detect small changes in hazard ratio 

without a larger cohort, and the smaller the RAF, the greater the cohort size 

required for detecting changes in hazard ratios.  

3.3 Leeds Cohort F13A1 Genotypes 

Peripheral blood DNA was extracted from each patient and genotyped for single 

nucleotide polymorphisms in F13A1 by E. Valleley and L. Gallivan (University of  
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Table 3-1: Distribution of Prognostic Factors in Leeds Cohort 

(n=258) 

 
Age Categories were defined as above, as a diagnosis of ovarian cancer is most 
likely to occur in a woman’s post-menopausal years. The higher the age at 
diagnosis, the poorer the prognosis, commonly due to age-related co-morbidities 
or complications. Stage is based on the classification by the International 
Federation of Gynaecology and Obstetrics. 
 

 

 

 

Prognostic Factor n %

Age at Diagnosis
Up to 54 88 34.4

55-64 80 31.3
65 and over 88 34.4

Grade
1 18 7.0
2 53 20.5
3 117 45.3

unknown 70 27.1

Stage
I 43 16.7
II 33 12.8
III 142 55.0
IV 36 14.0

Unknown 4 1.6

Histology
Serous 105 40.7
Other 57 22.1

Clear Cell 23 8.9
Endometrioid 52 20.2
Unclassified 21 8.1
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Leeds). SNP genotype data was collected ‘blind’ i.e. before the clinical data was 

acquired, and then added for each patient’s clinical data and statistical analysis 

was performed. The distribution of genotypes for F13A1 SNPs can be found in 

Table 3-2. The SNPs analysed all had an allele frequency >1% in the normal 

population.  

3.3.1 Allele Frequencies Compared to the Normal Population 
Allele frequencies for the F13A1 SNPs were calculated for the Leeds Cohort 

(n=258) and compared to the expected values for a normal European population 

from the genome aggregation database (gnomAD), (Table 3-3). All allele 

frequencies measured were found to be in Hardy-Weinberg Equilibrium (HWE) 

and did not significantly differ from the expected allele frequencies. The SNP 

genotypes frequencies observed also did not differ from the frequencies 

predicted by the Hardy-Weinberg equation for each observed SNP frequency.  

3.3.2 Linkage Disequilibrium 
Estimates of Lewontin’s D’, the measure of linkage disequilibrium between SNPs 

are summarised in Table 3-4A, with chi-square tests for association between the 

genotypes presented in Table 3-4B. The only SNPs found to be in complete 

linkage disequilibrium, and therefore are linked to one another, are 1951G>A and 

1954G>C. The alternative ‘A’ at 1951, is always found with the alternative ‘C’ at 

site 1954, suggesting that both of these nucleotides are on the same allele. 

3.4 Associations between OC Prognostic Factors and F13A1 
SNPs 

Chi-square tests were performed to examine whether prognostic factors and 

F13A1 SNPs were associated with one another. If SNPs are associated with 

prognostic factors, then this may give an insight of how the SNP may be 

contributing to the cancer phenotype. Stage and histology were significantly 

associated with one another (p<0.001), (Table 3-5). Clear cell and endometrioid 

histology had a greater proportion of early stage diagnosed and serous histology 

was diagnosed at later stages, (Table 3-5C). The SNP 614A>T was significantly 

associated with stage. However, when the distributions were analysed, the small 

number of heterozygotes were distributed at 60% for Stage I and 40% for Stage 

III, with 0% in Stages II and IV, (Table 3-5D).  
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Figure 3-A: Graph to show power to detect hazard ratios for F13A1 SNPs in 
a cohort of 258 patients. Power detected using the survSNP package by Owzar 
et al. 2012 (241). It is harder to detect smaller changes in hazard ratios (HR) 
without a larger cohort, and for very low rare allele frequencies (RAF). The grey 
horizontal reference line is at 70% power, and any hazard ratios from the point of 
intersection this line are sufficiently powered at 70% power. For the SNPs with 
RAF>0.20, hazard ratios are sufficiently powered from HR=0.5-0.65 and HR=1.5-
2.0. The RAF for each SNP was obtained from the genome annotation database 
(gnomAD) for a Caucasian population (Table 3-3). The event rate was tested at 
41%, as 105/256 patients had died (survival status data was missing for 2 
patients in this cohort, n=256/258).  
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Table 3-2: Distribution of Alleles for F13A1 SNPs 

 
For each SNP, the top line presents the wildtype genotype, followed by the 
heterozygous genotype and finally the homozygous alternative genotype, for 
each SNP. The corresponding amino acid change for each SNP site is given in 
the parentheses. For analyses, 1951G>A (Val650Ile) heterozygotes and 
homozygous alternative patients were combined in order to prevent the effect of 
small numbers as n<5. Data was missing for six patients for 614A>T (Tyr204Phe) 
genotype (n=252), and one patient was missing data for 103G>T (Val34Leu) 
(n=257). For the allele frequencies, the number to the left of the ‘/’ is the frequency 
of the wildtype allele, and the number to the right is the frequency of the 
alternative allele. The allele frequencies, expected values and test for whether 
the population was in Hardy Weinberg Equilibrium(HWE) for each SNP was run 
using the “genhwi” package in Stata (see Chapter 2 Materials and Methods for 
more details). SNPs were in HWE if p>0.05, as the null hypothesis, that 
population is in HWE for this SNP, could not be rejected. 
  

SNP (Amino Acid Change) Observed Observed (%) Allele Frequenices Expected HWE p-value

103G>T (Val34Leu)
GG 146 57 141
G/T 89 35 99
TT 22 9 17

614A>T (Tyr204Phe)
AA 241 96 241
A/T 11 4 11
TT 0 0 0

1694C>T (Pro564Leu)
CC 174 67 170
C/T 71 28 79
TT 13 5 9

1951G>A (Val650Ile)
GG 222 86 221
G/A 34 13 35
AA 2 1 2

1954G>C (Glu651Gln)
GG 146 57 148
G/C 99 38 95
CC 13 5 15

650 + 651 Haplotypes
GG + GG 146 57

GG + G/C or C/C 76 29
G/A or A/A + G/C or C/C 36 14

0.1190.74/0.26

0.7230.98/0.02

0.1130.81/0.19

0.93/0.07

0.76/0.24

0.583

0.468
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Table 3-3: Observed and Expected Allele Frequencies for F13A1 SNPs 

 
For the allele frequencies, the number to the left of the ‘/’ is the frequency of the 
wildtype allele, and the number to the right is the frequency of the alternative 
allele. The expected allele frequency values were obtained from the genome 
aggregation database (gnomAD) for the European population. A Chi-squared test 
was performed to test whether there was significant difference between the 
observed allele frequencies in the Leeds Cohort and the expected values in the 
European population, as reported on gnomAD. If p>0.05, then no significant 
difference was detected.  
 

 
 

Table 3-4: Lewontin’s-D’ Results for Linkage Disequilibrium 

 
A: Estimated Lewontin’s-D’ results for linkage disequilibrium for F13A1 SNPs, 
see Chapter 2 Materials and Methods for details of calculations (Chapter 2, 
Section 2.11.X). B: Results of Chi-squared tests for association between F13A1 
SNPs. Results considered significant if p-value was <0.05, with significant results 
highlighted in yellow. The only significant association between SNP genotypes 
was for the SNPs 1951G>A and 1954G>C, as these SNPs are in linkage 
disequilibrium with one another in the normal population, with 1951A always 
found with 1954C.  

 
 

 
 
 
 

Leeds Cohort (n=258) gnomAD 
103G>T (Val34Leu) 0.74/0.26 0.76/0.24 No (0.744)
614A>T (Tyr204Phe) 0.98/0.02 0.97/0.03 No (0.651)
1694C>T (Pro564Leu) 0.81/0.19 0.79/0.21 No (0.724)
1951G>A (Val650Ile) 0.93/0.07 0.95/0.05 No (0.552)
1954G>C (Glu651Gln) 0.76/0.24 0.78/0.22 No (0.737)

F13A1  SNP
(Amino Acid Change)

Allele Frequency Significantly Different
from Expected? (p-value)

F13A1  SNP 103G>T 614A>T 1694C>T 1951G>A 1954G>C
103G>T 0.569 0.677 0.099 0.561
614A>T 0.104 0.208 0.356
1694C>T 0.297 0.144
1951G>A <0.001
1954G>C

A

B

F13A1  SNP 103G>T
(Val34Leu)

614A>T
(Tyr204Phe)

1694C>T
(Pro564Leu)

1951G>A
(Val650Ile)

1954G>C
(Glu651Gln)

103G>T
(Val34Leu)

614A>T
(Tyr204Phe) (-)0.18

1694C>T
(Pro564Leu) 0.02 0.32

1951G>A
(Val650Ile) (-)0.29 0.15 (-)0.23
1954G>C

(Glu651Gln) (-)0.07 0.35 (-)0.26 1
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Table: 3-5: Tests for Association between Prognostic Factors and F13A1 
SNPs 

 
A: Results of chi-square tests for association between the prognostic factors in 
the Leeds Initial Cohort (n=258). B: Results of the chi-Square tests for association 
between F13A1 SNPs and prognostic factors in the cohort. Results of the chi-
square tests were considered significant if p<0.05, and are highlighted in light 
yellow. C: Distribution of histologies and stage, with percentage calculated from 
the total of each histology. D: Distribution of 614A>T(Tyr204Phe) genotypes and 
stage of disease with percentage calculated from total histology.  
 
 
 
 

A

B

Serous 7 (7%) 7 (7%) 75 (72%)  15 (14%)
Other 4 (7%) 8 (14%) 37 (66%) 7 (13%)

Clear Cell 11 (50%) 2 (9%) 5 (23%) 4 (18%)
Endometrioid 17 (33%) 12 (23%) 18 (35%) 5 (10%)
Unclassified 4 (20%) 4 (20%) 7 (35%) 5 (25%)

Stage
Histology I II III IV

Age Grade Stage Histology
Age 0.143 0.056 0.623
Grade 0.072 0.193
Stage <0.001

Histology

Prognostic
Factor

Prognostic Factor

TT 33 (14%) 31 (13%) 138 (58%) 36 (15%)
T/Y 6 (60%) 0 4 (40%) 0

Tyr204Phe
Stage

I II III IV

C

D

103G>T 614A>T 1694C>T 1951G>A 1954G>C
Age 0.323 0.744 0.339 0.157 0.057
Grade 0.871 0.354 0.242 0.410 0.468
Stage 0.431 0.001 0.392 0.930 0.158

Histology 0.377 0.345 0.733 0.422 0.927

Prognostic
Factor

F13A1  SNP
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3.5 Univariate Survival Analysis 

3.5.1 Prognostic Factors 
Prognostic factors are named as such, because they are often able to predict 

prognosis of a disease. Kaplan-Meier plots provide a visual representation of how 

the population of patients for a given factor or set of factors survive over the time 

period measured for the cohort. Every “death” results in a “step” in the graph, as 

the proportion of patients surviving decreases over time. The log rank test is used 

to measure the equality of the survivor function, asking the question, do patients 

with a given factor have an equal chance of surviving? Kaplan-Meier plots and 

results of log rank tests are given in Figure 3-B. Age at diagnosis, stage of 

disease and histology were all significantly associated with survival. Higher age 

and stage resulted in poorer prognosis. For patients with endometrioid histology, 

prognosis appeared better compared to all others. 

3.5.2 F13A1 SNPs 
One of the main aims of this investigation was to assess whether those in the 

Leeds sub-cohort from the larger ELO study had the same associations between 

certain F13A1 SNPs and survival, in particular, 1951G>A and 1954G>C. The first 

step was to perform a trend test for association between the number of alternative 

alleles (i.e. 0 if wildtype, 1 if heterozygous and 2 if homozygous alternative) and 

the event measured, i.e. death. A significant association was identified between 

event status and SNPs 103G>T, 1951G>A and then haplotypes of 1951G>A and 

1954G>C, (Table 3-6).  A negative trend was seen for 103G>T: the more 

alternative alleles carried, the greater the survival. And with 1951G>A, 1954G>C 

and the haplotypes of these two SNPs, a positive trend was identified, therefore 

the greater the number of alternative alleles, the poorer the prognosis.  

 

Kaplan-Meier plots were generated and log rank tests were run to test for 

associations between F13A1 SNPs and overall survival, to further establish how 

the carriage of alternative alleles affects prognosis. Just like in the ELO analysis 

(n=628), the SNP significantly associated with overall survival was 1951G>A 

(Figure 3-C, Plot D). None of the other SNPs were significantly associated with 

overall survival. As these two SNPs are in linkage disequilibrium, it was important 

to assess how the haplotypes were associated with survival, as this is how the  
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Table 3-6: Results of Trend Test for Association with Survival Status 

 
Results of a nonparametric trend test for association between F13A1 SNPs and 
survival status. Genotypes of the SNPs were coded for the number of alternative 
alleles present and the test was run to see whether there was a trend between 
the number of alternative alleles and survival status i.e. alive or dead and the 
direction of the trend, (z-statistic): (-) negative or (+). P-values were considered 
significant if p<0.05. Levels of significance: (*) p<0.05, (**) p<0.01.  
 
 
 

 

0 79 67
1 54 33
2 17 5
0 138 101
1 7 4
0 100 72
1 44 27
2 7 6
0 137 83
1 13 21
2 1 1
0 92 53
1 53 45
2 6 7
0 92 53
1 45 30
2 14 22

0.084 ns

-0.31

2.63

1.73

2.15 0.032 *

0.699 ns-0.39

0.756 ns

0.009 **

1694C>T (Pro564Leu)

1951G>A (Val650Ile)

1954G>C (Glu651Gln)

1951G>A and 
1954G>C

Haplotypes

Number Alternative 
Alleles AliveF13A1  SNP

(Amino Acid Change) z Trend Test for Association
(p-value)

Level of
Significance

103G>T (Val34Leu)

614A>T (Tyr204Phe)

Dead

-2.01 0.045 *
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Figure 3-C: Kaplan-Meier Plots for F13A1 Genotypes in the Leeds Initial
Cohort (n=258). Results of a univariate log rank test is given in the bottom left
corner of each plot. Risk tables showing the number of patients left at risk every
5 years are below each plot. (A) 103G>T (Val34Leu), (B) 614A>T (Tyr204Phe),
(C) 1694C>T (Pro564Leu), (D) 1951G>A (Val650Ile), (E) 1954G>C (Glu651Gln)
and (F) Haplotypes for 650 and 651, as these two SNPs are in linkage-
disequilibrium with oneanother: (1 = wildtype, and 2 = carrier of at least one
copy of the alternative allele). As 1951A is not found without at least copy of
1954C, the haplotype (2 1), does not exist. Results of the log rank test were
considered significant if p<0.05. The levels of significance: (*) p<0.05, (**)
p<0.01, (***) p<0.001 and (ns) not significant.
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SNPs are found together in the population. 1954C can be found without 1951A. 

Carriage of at least one copy of 1954C (Haplotype (1,2)), resulted in a prognosis 

similar to those of wildtype (Figure 4-D, Plot F) with median survival times of 7.38 

for 1954C and 7.07 years for wildtype. However, carriage of 1951A resulted in a 

poorer prognosis, with a median survival time of 3.78 years. When the two SNPs 

are assessed separately, it is clear that carriage of 1951A (Figure 4-D, Plot D) is 

the allele detrimental to survival.  

3.6 Multivariate Survival Analysis 

Interpretation of univariate analysis alone for associations with survival is 

inadequate, as complex disease models mean that prognostic factors may be 

contributing to the disease state in different degrees and therefore multivariate 

modelling is required. Full details of Cox Proportional Hazards Regression 

Models (CPHRM) can be found in Chapter 2, Materials and Methods (Section 

2.11). In short, an all-in-one methodology rather than a stepwise regression of 

covariates was used, in order to take all possible covariates into consideration in 

a disease as complex as cancer. The model included age at diagnosis which was 

treated as a continuous variable, grade and stage of disease, histology, and the 

F13A1 SNPs were all treated as categorical variables (Table 3-7). The linked 

SNPs 1951G>A and 1954G>C were tested in the model as haplotypes, as this is 

how they are naturally found in the population.  

 

Age at diagnosis, late stage and endometrioid histology were all significantly 

associated with overall survival in the CPHRM, when compared to the baseline 

set covariates (HR=1.00). Age and late stage disease all lead to an increased 

risk of death with reported hazard ratios >1.00. Patients with endometrioid 

histology were 50% less likely to die compared to those with serous disease 

(HR=0.49, p=0.035, 95% Confidence Intervals (CIs) 0.0.25-0.95). The benefit of 

endometrioid histology was clearly demonstrated in univariate survival analysis, 

(Figure 3C-Plot D). Patients who were homozygous for the alternative ‘T’ allele 

for the SNP 103G>T (103T/T) had a significant benefit to their overall survival 

compared to wildtype individuals (HR=0.34, p=0.024, 95% CIs=0.13-0.86). 

Although not significant, heterozygous individuals at 103G>T also had a lower 

hazard ratio, lying in-between the hazard ratio between wildtype and 

homozygous alternative individuals. For the SNPs 1951G>A and 1954G>C, 
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those who carry both alternative alleles were over 70% more likely to die 

compared to wildtype (HR=1.73, p-0.055, 95% CIs=0.99-3.03). Although the 

result is not strictly significant, it is only just over the set alpha value of 0.05. The 

clear detriment to survival for double carriage at these SNP sites was previously 

demonstrated in the univariate analysis (log rank p-value=0.01, trend test p-value 

0.032). The other SNPs, 614A>T and 1694C>T were not significant covariates in 

the built Cox Model. 

 

The larger study (ELO, n=628), identified that double carriage of 1951G>A and 

1954G>C was a significant predictor of death (HR=2.10, n=65/612). In this Leeds 

sub-cohort, for those with double carriage the hazard ratio is 1.71. Unlike the ELO 

Cohort, carriage of 1954C only, was not a significant predictor of survival, with a 

reported HR of 1.02. The larger size of the ELO cohort provides a great number 

of samples for testing, so it may be that for the Leeds Cohort alone, there are not 

enough individuals to see a significant benefit to survival.  
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Table 3-7: Hazard Ratios from Cox Proportional Hazards Regression 
Model for the Leeds Initial Cohort 

 
 
Cox Proportional Hazards Regression Modelling used time-event data, with the 
event reported in this cohort study being death, and time measured in years. The 
model was built using the co-variates listed in the left-most column. Age at 
diagnosis was treated as a continuous covariate. Grade, stage, histology and the 
F13A1 SNPs were treated as categorical covariates. N=245 for this model, as 
Cox Proportional Hazards Regression Modelling does not include patients with 
any missing data for the tested covariates. For 1951G>A and 1954G>C 
haplotypes: 1=WT and 2= Carriage of the alternative allele. If the Hazard Ratio 
(HR) is >1.00, then individuals with this covariate are more likely to experience 
death compared to the baseline covariate (HR=1.00). If the HR <1.00, then those 
patients with the covariate are less likely to experience death. Covariate hazard 
ratios were considered significant predictors of death if p<0.05. Levels of 
significance: (*) p<0.05, (**) p<0.01, with alpha set at 0.05. Abbreviations: 
Standard Error (Std. Error), Significance (Sig.), and 95% Confidence Intervals 
(95% CIs). Stage is based on the classification by the International Federation of 
Gynaecology and Obstetrics. 
 
  

Lower Upper
Age at Diagnosis 1.04 0.01 <0.001 *** 1.02 1.06

1 1.00
2 1.23 0.70 0.722 0.40 3.78
3 1.40 0.76 0.536 0.48 4.03

unknown 1.56 0.91 0.446 0.50 4.87

I 1.00
II 1.27 0.77 0.698 0.39 4.15
III 3.29 1.51 0.009 ** 1.34 8.07
IV 5.22 2.58 0.001 ** 1.98 13.74

Serous 1.00
Other 0.80 0.21 0.405 0.47 1.35

Clear Cell 0.85 0.40 0.723 0.33 2.14
Endometrioid 0.49 0.17 0.035 * 0.25 0.95
Unclassified 0.48 0.23 0.130 0.19 1.24

GG 1.00
G/T 0.78 0.19 0.297 0.49 1.25
TT 0.34 0.16 0.024 * 0.13 0.86

AA 1.00
A/T 0.71 0.46 0.594 0.20 2.55

CC 1.00
C/T 1.16 0.29 0.554 0.71 1.88
TT 0.88 0.40 0.787 0.36 2.15

1 1 1.00
1 2 1.02 0.26 0.947 0.62 1.67
2 2 1.73 0.49 0.055 0.99 3.03

95% CIsHR Std Error p-valueCovariate/Predictor Sig.

1951G>A (Val650Ile)
& 1954G>C (Glu651Gln)

Grade

Stage

Histology

103G>T (Val34Leu)

614A>T (Tyr204Phe)

1694C>T (Pro564Leu)
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3.7 The Leeds Mature Data Cohort (n=252) 

3.7.1 Comparisons with Leeds Initial Cohort 
Mature survival data was collected for the Leeds Cohort in October 2016, 13 

years after the original follow-up in 2003. The distribution of prognostic factors 

and comparison to the initial Leeds Cohort is summarised in Table 3-8. Data was 

missing for 6 patients, and these data could not be found after thorough 

investigation. Distribution of F13A1 SNPs is summarised in Table 3-9. Maximum 

follow-up time for any patient was 23.4 years (Range: 0.443-23.29 years), with a 

median survival of 5.86 years . Of the remaining patients, 203 were dead (81%) 

and 49 were alive (19%) at the time of mature data collection.  

3.8 Mature Survival Analysis 

3.8.1 Univariate Analysis: Kaplan-Meier and Log Rank Tests 
Univariate survival analysis was performed on F13A1 SNPs. No significant 

associations were found between SNPs 103G>T, 614A>T or 1694C>T. 

Significant associations with survival were strengthened in the Mature Leeds 

Cohort compared to the initial Leeds cohort, (Figure 3-D). The significance of the 

association between the haplotypes of codons 650 and 651 was stronger 

compared to the initial round of survival analysis for the Leeds cohort, p=0.007 

vs p=0.010, respectively (Figure 3-D, Plot C vs Figure 3-B, Plot F), indicating that 

the detriment of double carriage of the alternative alleles at these SNP sites is 

detrimental to long term survival.  

3.8.2 Multivariate Analysis 
A Cox Proportional Hazards Regression Model was built as before, and included 

age at diagnosis, stage of disease, grade, histology and the F13A1 SNPs, (Table 

3-10). As identified in the initial round of survival analysis for the Leeds cohort 

(n=258), late Stage (III and IV) were significant, strong predictors of poor 

prognosis. Endometrioid histology was again, a significant predictor of improved 

prognosis with a similar hazard ratio (HR=0.60, p=0.020, 95% CIs=0.39-0.92). 

The previously seen significance of 103G>T homozygous individuals (103T/T) as 

a predictor of improved prognosis was no longer present in the mature Leeds 

cohort (n=252), (HR=0.87, p=0.611, 95% CIs=0.51-1.49). This suggests that 

103G>T may be important for shorter-term rather than long-term survival. The 

significance of double carriage of alternative alleles at 1951G>A and  
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Table 3-8: Comparison of the Distribution of Prognostic Factors between 

the Leeds Mature (n=252) and Leeds Initial (n=258) Cohorts 

 
Stage is based on the classification by the International Federation of 
Gynaecology and Obstetrics. 
 
 
 
 
 
 
 
 
  

n % n %

Age at Diagnosis
Up to 54 88 35.1 88 34.4

55-64 78 31.1 80 31.9
65 and over 85 33.9 88 35.1

Grade
1 18 7.1 18 7.0
2 53 21.0 53 21.0
3 114 45.2 117 46.4

unknown 67 26.6 70 27.8

Stage
I 43 17.1 43 16.7
II 32 12.7 33 13.1
III 140 55.6 142 56.3
IV 34 13.5 36 14.3

Unknown 3 1.2 4 1.6

Histology
Serous 104 41.3 105 40.7
Other 56 22.2 57 22.6

Clear Cell 22 8.7 23 9.1
Endometrioid 50 19.8 52 20.6
Unclassified 20 7.9 21 8.3

Leeds Mature (n=252) Leeds Initial (n=258)Prognostic Factor
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Table 3-9: Comparison and Distribution of F13A1 SNPs in the Leeds 
Mature (n=252) and Leeds Initial (n=258) Cohorts 

 
For each SNP, the top line presents the wildtype genotype, followed by the 
heterozygous genotype and finally the homozygous alternative genotype, for 
each SNP. The corresponding amino acid change for each SNP site is given in 
the parentheses. For analyses, 1951G>A (Val650Ile) heterozygotes and 
homozygous alternative patients were combined in order to prevent the effect of 
small numbers as n<5. Data for one patient was missing for 103G>T in Leeds 
Mature (n=251). Data was missing for six patients for 614A>T (n=246).  
 
 
 
 
 
 
 

n % n %

103G>T (Val34Leu)
GG 145 58 146 57
G/T 85 34 89 35
TT 21 8 22 9

614A>T (Tyr204Phe)
AA 236 96 241 96
A/T 10 4 11 4
TT 0 0 0 0

1694C>T (Pro564Leu)
CC 170 67 174 67
C/T 69 27 71 28
TT 13 5 13 5

1951G>A (Val650Ile)
GG 217 86 222 86
G/A 34 13 34 13
AA 1 0 2 1

1954G>C (Glu651Gln)
GG 143 57 146 57
G/C 97 38 99 38
CC 12 5 13 5

Leeds Initial (n=258)Leeds Mature (n=252)
SNP (Amino Acid Change)
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Figure 4-F: Kaplan-Meier Plots for F13A1 SNPs in the Mature Leeds Cohort
(n=252). Results of a univariate log rank test is given in the bottom left corner of
each plot. Risk tables showing the number of patients left at risk every 5 years
are below each plot. (A) 1951G>A (Val650Ile), (B) 1954G>C (Glu651Gln) and
(C) Haplotypes for 650 and 651, as these two SNPs are in linkage-
disequilibrium with oneanother: (1 = wildtype, and 2 = carrier of at least one
copy of the alternative allele). As 1951A is always found with 1954C, the
haplotype (2 1), does not exist. Results of the log rank test were considered
significant if p<0.05. The levels of significance: (*) p<0.05, (**) p<0.01, and (ns)
not significant.

Figure 3-D:
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Table 3-10: Hazard Ratios from Cox Proportional Hazards Regression 
Model Results for the Leeds Mature Cohort 

 
Cox Proportional Hazards Regression Modelling used time-event data, with the 
event reported in this cohort study being death, and time measured in years. The 
model was built using the co-variates listed in the left-most column. Age at 
diagnosis was treated as a continuous covariate. stage, histology and the F13A1 
SNPs were treated as categorical covariates. N=234 for this model, as Cox 
Proportional Hazards Regression Modelling does not include patients with any 
missing data for the tested covariates. If the Hazard Ratio (HR) is >1.00, then 
individuals with this covariate are more likely to experience death compared to 
the baseline covariate (HR=1.00). If the HR <1.00, then those patients with the 
covariate are less likely to experience death. Covariate hazard ratios were 
considered significant predictors of death if p<0.05. Levels of significance: (*) 
p<0.05, (**) p<0.01, and (***) p<0.001 with alpha set at 0.05. Abbreviations: 
Standard Error (Std. Error), Significance (Sig.), and 95% Confidence Intervals 
(95% CIs). Stage is based on the classification by the International Federation of 
Gynaecology and Obstetrics. 
  

Lower Upper

Age at Diagnosis 1.02 0.01 <0.001 *** 1.01 1.04

1 1.00
2 1.99 0.85 0.106 0.86 4.60
3 2.60 1.05 0.019 * 1.17 5.75

unknown 2.40 1.04 0.043 * 1.03 5.62

I 1.00
II 0.96 0.33 0.912 0.49 1.90
III 1.99 0.56 0.014 * 1.15 3.46
IV 3.24 1.09 <0.001 *** 1.68 6.25

Serous 1.00
Other 0.87 0.17 0.472 0.60 1.27

Clear Cell 0.77 0.27 0.459 0.38 1.54
Endometrioid 0.60 0.13 0.020 * 0.39 0.92
Unclassified 0.60 0.19 0.101 0.32 1.11

GG 1.00
G/T 0.87 0.14 0.402 0.64 1.20
TT 0.87 0.24 0.611 0.51 1.49

AA 1.00
A/T 0.64 0.28 0.299 0.27 1.50

CC 1.00
C/T 1.09 0.19 0.609 0.78 1.54
TT 1.41 0.47 0.297 0.74 2.71

1 1 1.00
1 2 0.95 0.16 0.744 0.67 1.33
2 2 1.86 0.43 0.007 ** 1.19 2.92

1951G>A (Val650Ile)

& 1954G>C (Glu651Gln)

Grade

Stage

Histology

103G>T (Val34Leu)

614A>T (Tyr204Phe)

1694C>T (Pro564Leu)

Covariate/Predictor HR Std Error p-value Sig.
95% CIs
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1954G>C as a predictor of death was strengthened in terms of both risk and level 

of significance. These individuals were nearly twice as likely to die compared to 

wildtype individuals (HR=1.86, p=0.007, 95% CIs=1.19-2.92). Carriage of 1951A 

and 1954C appear important for long term survival for ovarian cancer.  

3.9 Summary of Results 

• The Edinburgh Leeds Oxford (ELO) Cohort identified that two F13A1 

SNPs, 1951G>A (Val650Ile) and 1954G>C (Glu651Gln) were significantly 

associated with overall survival in ovarian cancer patients. 1951G>A was 

detrimental to survival and 1954G>C appeared protective (see Chapter 1, 

Introduction).  

• The Leeds sub-cohort was reanalysed as a stand-alone cohort from 

follow-up data in 2003. The findings of the ELO cohort were mirrored in 

the Leeds alone sub-cohort (Leeds Initial). Double carriage of alternative 

alleles at both 1951G>A and 1954G>C was poorer for prognosis, when 

measured in multivariate analysis: HR=1.73, p=0.056). 

• In univariate analysis of SNPs and survival in the Leeds cohort, the SNP 

614A>T was significantly associated with grade of disease, however the 

lack of homozygous alternative patients and the small number of patients 

carrying the alternative T allele (RAF is only 3%), may be skewing the data 

and a larger cohort would be required to see whether this SNP is truly 

associated with grade of disease. 

• In addition to 1951G>A and 1954G>C and their associations with overall 

survival, F13A1 SNP 103G>T was also associated with overall survival in 

the Leeds Initial Cohort: 103T/T patients had a significantly better 

prognosis compared to wildtype 103G/G patients (HR=0.34, p=0.024). 

• Mature survival data was collected in October 2016, 13 years after the 

original follow-up. The associations between 1951G>A and 1954G>C 

were maintained in long-term follow-up, suggesting these SNPs are 

important for long-term survival. Double carriage at 1951 and 1954 

(HR=1.86, p=0.007) 

• In long-term follow-up, 103T/T patients no longer had a significant 

association with survival in multivariate analysis (p, suggesting this SNP 

may be important in short term survival.  
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• The Leeds cohort was biased towards survivors on average of two years 

and therefore any findings would need to be demonstrated in a cohort of 

newly diagnosed patients 

3.10 Brief Discussion 

The Leeds cohort was a unique cohort of patients, due to the recruitment of 

patients throughout different points in their treatment. There was an inherent bias 

within the cohort towards women who had survived at least two years. This meant 

that patients who had succumbed quickly to their disease were likely to be 

missed. The availability of mature survival data provided an excellent opportunity 

to further assess how SNPs within the gene for FXIIIA, F13A1, affect ovarian 

cancer prognosis. Long term survival analysis has been undertaken in colorectal 

(246), breast (244)  and prostate cancer (245) with the aim of understanding 

whether covariates of interest (such as protein expression, genotypes or 

treatments) vary over time and how they may affect prognosis and disease 

management. Better understanding of what makes patients survive longer than 

others is vital as oncology continues its drive towards personalised medicine. 

 

The F13A1 SNPs 1951G>A and 1954G>C have not previously been associated 

with diseases, cancer or otherwise, so this work is the first to suggest a role for 

these SNPs in OC prognosis. The polymorphisms are situated within the second 

beta barrel of the FXIIIA secondary structure, but are not near the catalytic core 

or near sites which are associated with conformational changes to the protein 

during activation (Arg310-Tyr311 and Gln425-Phe426) (156) so the precise effect 

of these SNPs remains to be explored. The polymorphisms do not appear to alter 

FXIIIA protein levels or specific activity (166), therefore some other effect may be 

exerted perhaps through an effect on one of FXIIIA’s other roles.  

 

Mature survival data in the Leeds cohort resulted in loss of survival benefit for 

homozygous alternative patients (103T/T) during long term follow-up. This 

suggests that the beneficial effect of this SNP on survival may important for 

shorter term survival. The SNP 103G>T has been associated with thrombotic 

disease and some cancers (219,220,247,248). Homozygous individuals for 

103G>T (103T/T) had a decreased risk of colorectal cancer (219), and carriage 

of the heterozygous genotype at this SNP site was protective in uterine myoma 
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(248). However, the effect of 103G>T in cancer is unclear, as 103TT has been 

associated with a greater risk of oral cancer development (220). Therefore 

103G>T appears to exert its affects, which remain to be further elucidated in 

cancer, in a cancer-type dependent manner. 103T/T results in Leu/Leu at codon 

34 in the FXIIIA protein, and this variant results in more rapid and tighter-

crosslinking of matrix proteins (191,247). This alteration to crosslinking speed 

and nature may be changing tumour extracellular matrices or perhaps the variant 

protein is exerting another effect which remains to be established and requires 

further investigation. In the mature analysis, 81% of patients carrying 103T/T had 

died. It is unknown whether these patients died as a result of their cancer or from 

another co-morbidity or condition. As 103G>T is associated with thrombotic 

disease, such as ischaemic stroke and myocardial infarction 

(156,192,196,198,208,247), it may be that patients with this genotype may die 

from conditions such as these, although examination of 103G>T prevalence in 

cancer patients with and without thrombosis revealed no differences (195). 

 

Analysis of this ovarian cancer cohort has resulted in some interesting findings 

which appear to associate F13A1 SNPs with overall survival. This cohort was 

biased towards survivors of at least two years, with 75% (n=193/258) of patients 

surviving over 2 years due to the nature of sample collection. Patients were 

recruited for the study at all possible clinic appointments, including follow-up 

appointments and were not limited to appointments for newly diagnosed patients. 

As a result, the associations found within the cohort would need to be tested in a 

newly diagnosed cohort of women, in order to assess whether the associations 

affect survival in a group of women who are followed from the initial diagnosis 

through to censorship. The next chapter in this thesis sets out to perform survival 

analysis on a newly diagnosed cohort of women, for this exact purpose.  
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Chapter 4: F13A1 SNPs and Survival Intervals in OC in a 
prospective clinical cohort: ICON7 

4.1 Introduction 

Analysis of a cohort of ovarian cancer (OC) patients from Leeds identified that 

SNPs within the F13A1 gene appeared to be associated with overall survival 

(Chapter 3). The SNPs 1951G>A and 1954G>C, although in linkage 

disequilibrium, as 1951G>A is not found without at least one 1954C allele, had 

opposite effects on prognosis. 1951G>A was detrimental to survival, whereas 

1954G>C was found to be beneficial, although presence of the alternative C allele 

during double carriage was unable to prevent the deleterious effect of the 

alternative A allele. The cohort of patients from Leeds was biased towards 

survivors of two years on average, likely due to not being a prospective study, as 

recruitment included patients who had been newly diagnosed as well as patients 

who appeared in clinic for follow-up appointments after treatment. Therefore, the 

potential associations between F13A1 SNPs and survival in OC required 

exploration in another cohort of newly diagnosed patients.  

 

A new cohort of OC patients was made available through the ICON7 Clinical Trial 

Translational Cohort (n=448 for DNA samples), which was the cohort of women 

who had consented for their samples and data to be used in translational 

research. The purpose of the ICON7 Clinical trial was to test the benefit of the 

addition of bevacizumab to the standard chemotherapy regimen of carboplatin 

and paclitaxel (n=1528). The translational DNA cohort comprising 29% of 

patients from the whole trial was considered large enough to reflect the full ICON7 

cohort in terms of expected associations and survival for OC. This cohort, 

comprising newly diagnosed patients only, was initially studied for associations 

between prognostic factors and survival intervals in OC, including progression-

free survival (PFS), survival post-progression (SPP) and overall survival (OS). 

The variables recorded within this cohort also allowed for exploration and testing 

of association between F13A1 SNP genotypes and risk of disease progression 

and response to treatment received.   
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4.2 ICON7 Cohort 

4.2.1 Cohort Characteristics 
A comparison of the sample distribution for the translational and full ICON7 

cohorts is shown in Table 4-1. The sample distribution for prognostic factors was 

similar in the two groups, and the translational cohort reflected the trends typically 

seen in general1 OC cohorts. Median survival for this translational cohort (n=448) 

was 4.7 years. At the end of the study period 46.4% of patients were dead and 

53.6% were alive. Median age was 57, with ages between 24 and 79 years. The 

most common histology was serous, and median age at diagnosis was in the 

menopausal age range. A novel variable available in the ICON7 cohort was ‘at 

high risk of disease progression’. This grouping included patients with Stage 

IIIC/IV disease, and/or those with 1 cm of disease margin remaining after 

resective surgery, or where surgery had not been possible. Due to the metastatic 

potential of late stage OC or tumour bulk which remains in the peritoneum, these 

women were more likely than others without these factors to experience a 

worsening in their disease (78). The risk of progression variable was not present 

in the Leeds cohort, and therefore allowed for a novel exploration of associations 

between F13A1 SNPs and risk.  

 

4.2.1 Power Analysis 

Power analyses for multivariate Cox Proportional Hazards Regression Modelling 

was performed to test whether a cohort of this size would be sufficiently powered 

to detect differences and associations between survival intervals in multivariate 

testing. For the given sample size of n=448, power was calculated for the 

detection of hazard ratios from 0.5-2.0 for each of the F13A1 variants investigated 

based on the rare allele frequency (RAF) for each of the SNPs, (Figure 4-A). 

Power analysis for studies involving SNPs have particularly focused on case-

control studies, where prevalence in a “control/normal/healthy” population is 

compared to the “test/disease-state” population. However, in the cohort under 

investigation in this  

																																																								

1		 By	“general”	these	are	prospective	cohorts	which	recruit	a	breadth	of	ovarian	cancer	patients	
which	are	not	excluded	based	on	particular	characteristics	for	example	grade,	histology	or	resistance	to	
therapy	such	as	platinum-resistance.	
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Table 4-1: Comparison of Prognostic Factors Between the Full and 
Translational ICON7 Clinical Patient Cohorts 

 
 
In the Translational ICON7, some Grade data was missing for 6 patients. These 
are not classed as Unknown, as the data is missing, rather than grade being 
undetermined.  
 
  

n=1528 % n=448 %
Age - Years

Median (range) 57 (18-82) 57 (24-79)

1 97 6 22 5
2 317 22 73 17
3 1094 87 347 79

unknown 20 8 0 0

I 142 10 35 8
II 80 5 55 12
III 1045 71 306 68
IV 201 14 52 12

Serous 1054 69 306 68
Mucinous 34 2 5 1

Endometriod 117 8 32 7
Clear Cell 127 8 53 12

Mixed 88 6 33 7
Other 108 7 19 4

No 1063 70 298 67
Yes 465 30 150 33

Grade

FIGO Stage

Histology

High Risk
of Progression

Full ICON7 Translational
ICON7Prognostic Factor
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Figure 4-A: Graph to show power to detect hazard ratios for F13A1 SNPS 
in a cohort of 448 patients. Power detected using the survSNP package by 
Owzar et al. It is harder to detect smaller changes in hazard ratios without a 
larger cohort, as demonstrated in the above plot. The grey horizontal dashed 
line represents 70% power, and any hazards from the point of intersection from 
this line are sufficiently powered at 70% power. RAF= Rare Allele Frequency, 
i.e. frequency of the alternative SNP allele.  
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Chapter, the point of focus is on the effects of SNPs on censored time-to-event 

data, with the event being progression or death. Although many tools are 

available to help calculate power for “case-control” studies, they are not 

appropriate for survival analyses, and therefore other tools are required. One tool 

that was able to assist in the performance of power analyses for this cohort was 

the ‘survSNP’ package for the statistical software ‘R” developed by Owzar and 

colleagues at Duke University (241). Full details are presented in Chapter 2 - 

Materials and Methods. 

 

For the number of samples available, hazard ratios < 0.75 and >1.35, can be 

measured at 70% power for SNPS 103G>T, 1694G>T and 1954G>C. For SNP 

1951G>A, hazard ratios < 0.55 and >1.63 can be measured at 70% power. As 

1951G>A is a much rarer SNP, with a rare allele frequency (RAF) of 0.05, a 

greater number of samples is required to sufficiently detect hazard ratios at lower, 

less extreme ranges.  

4.3 ICON7 F13A1 Genotypes 

 
Peripheral blood DNA samples were provided by the MRC Clinical Trials Unit at 

University College London and each patient sample was sequenced at three 

exons which contained the F13A1 SNPs. All sequencing was performed blind to 

the clinical data to limit any bias towards sample handling. After sequencing, fully 

anonymised clinical data was made available and a database was generated 

containing clinical data and genotype at the SNP sites under investigation for use 

in statistical analysis.  

4.3.1 Genotypes and Hardy Weinberg Equilibrium 
The ICON7 cohort F13A1 genotyping data is summarised in Table 4-2. All SNPs, 

except for 1694C>T were in Hardy-Weinburg Equilibrium (HWE Chi-squared p-

value=0.004). Interestingly, there were significantly fewer 1694C>T 

heterozygotes than expected for the observed allele frequency for this SNP, and 

more homozygotes for the C and T alleles. A similar pattern was observed for the 

103G>T SNP, with there being fewer 103G>T heterozygotes than expected, 

although this difference was not significant (p=0.059).  
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Table 4-2: Distribution of F13A1 Single Nucleotide Polymorphisms in the 

Translational ICON7 Cohort 
 

 
 
For 1951G>A and 1954G>C, data could not be acquired for one patient, therefore n=447 for 
these two SNP sites. Allele frequencies, expected values and test for Hardy-Weinberg 
Equilibrium (HWE) was performed using the ‘genhwi’ package in Stata (249). Populations 
were not in HWE for SNP 1694C>T as p<0.05, therefore the null hypothesis that the 
population is in HWE is rejected. The population was in HWE for all other SNPs.  
 
 
 

Table 4-3: Comparison of Allele Frequencies in the ICON7 Translational 
Cohort to a European population 

 
 
Allele frequencies were calculated using the ‘genhwi’ package in Stata (249). Allele 
frequencies for a healthy European population were taken from the genome aggregation 
database (gnomAD). A Chi-squared test was used to test whether the observed values in 
the two population, ICON7 and gnomAD-European, were significantly different from one 
another using an online calculator tool (250).   
  

SNP (Amino Acid Change) Observed Observed (%) Allele Frequenices Expected HWE p-value

103G>T (Val34Leu)
GG 272 61 265
G/T 145 32 159
TT 31 7 24

1694C>T (Pro564Leu)
CC 278 62 267
C/T 136 30 158
TT 34 8 23

1951G>A (Val650Ile)
GG 391 87 389
G/A 52 12 56
AA 4 1 2

1954G>C (Glu651Gln)
GG 258 58 256
G/C 161 36 164
CC 28 6 26

650 + 651 Haplotypes
GG + GG 258 58

GG + G/C or C/C 133 30
G/A or A/A + G/C or C/C 56 13

0.77/0.23 0.059

0.77/0.23 0.004

0.93/0.07 0.133

0.76/0.24 0.669

ICON7 (n=448) gnomAD 
103G>T (Val34Leu) 0.77/0.23 0.76/0.24 No (0.868)
1694C>T (Pro564Leu) 0.77/0.23 0.79/0.21 No (0.733)
1951G>A (Val650Ile) 0.93/0.07 0.95/0.05 No (0.552)
1954G>C (Glu651Gln) 0.76/0.24 0.78/0.22 No (0.737)

F13A1  SNP
(Amino Acid Change)

Allele Frequency Significantly 
Different
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4.3.2 Allele Frequencies Compared to Normal Population 
Measurement of allele frequencies i.e. how often one allele appears in one 

population compared to another, is important for assessing the alternative allele 

in contributing to a disease state. Allele frequencies of F13A1 SNPs did not 

appear to differ greatly from the normal Caucasian population (The ICON7 

translational cohort was 98% Caucasian), (Table 4-3).  

4.3.3 Linkage Disequilibrium 
Estimates of Lewontin’s D’ linkage disequilibrium found that only 1951G>A and 

1954G>C were in linkage disequilibrium with one another (p=<0.001), (Table 4-

4A) and significantly associated with one another (Table4-4B). This finding is in 

line with the literature (192) and within the Leeds Cohort (Chapter 3).  

4.4 Associations between Prognostic Factors and F13A1 SNPs 

Tests of association between F13A1 SNPs and prognostic factors in OC such as 

grade, stage, and histology of disease were performed. If SNPs were associated 

with such prognostic factors, then it could further the understanding of how the 

SNP genotype is contributing to the OC disease state. Associations were tested 

with Chi-squared tests. 103G>T (Val34Leu) was significantly associated with 

grade of disease (p=0.047) and 1954G>C was significantly associated with risk 

of progression (p=0.039), (Table 4-5A). The distribution of genotypes at these 

SNPS and the prognostic factors found that 34V/L heterozygotes had lower grade 

than wildtype, but that 34L/L homozygotes had higher grade disease (Table 4-5-

B), suggesting heterozygous individuals may have a better prognosis as their 

disease was more differentiated than others. More heterozygotes 651E/Q 

individuals were at risk of progression than both homozygous genotypes.  

4.5 Univariate Survival Analysis 

4.5.1 Overall Survival 

Overall survival (OS) is defined as the length of times between the start of the 

study (Day 0) and either death or censorship (date last seen). Log Rank Tests 

were used to determine the degree of association, and Kaplan-Meier Plots were 

generated to demonstrate the relationship of each variable with survival over the 

study time. Grade and stage were significantly associated with overall survival, 

as was risk of disease 
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Table 4-4: Linkage Disequilibrium of F13A1 SNPs in the ICON7 
Translational Cohort Population 

 

 
 

A: Estimated Lewontin’s-D’ results for linkage disequilibrium for F13A1 SNPs, 
see Chapter 2 Materials and Methods for details of calculations (Chapter 2, 
Section 2.11.X). B: Results of Chi-squared tests for association between F13A1 
SNPs. Results considered significant if p-value was <0.05, with significant results 
highlighted in yellow. The only significant association between SNP genotypes 
was for the SNPs 1951G>A and 1954G>C, as these SNPs are in linkage 
disequilibrium with one another in the normal population, with 1951A is always 
found with 1954C.  
  

F13A1  SNP 103G>T
(Val34Leu)

1694C>T
(Pro564Leu)

1951G>A
(Val650Ile)

1954G>C
(Glu651Gln)

103G>T
(Val34Leu)
1694C>T

(Pro564Leu) 0.09
1951G>A

(Val650Ile) 0.21 0.2
1954G>C

(Glu651Gln) 0.14 0.23 1

103G>T 1694C>T 1951G>A 1954G>C
(Val34Leu) (Pro564Leu) (Val650Ile) (Glu651Gln)

103G>T
(Val34Leu)
1694C>T

(Pro564Leu)
1951G>A

(Val650Ile)
1954G>C

(Glu651Gln)

F13A1  SNP

0.354

<0.0010.7190.745

0.4220.798

A

B
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Table 4-5A: Chi-Square Tests of Association between Prognostic Factors 

and F13A1 SNPs 
 

 
Level of significance (Sig.) shown by (*). (*) = p<0.05, (ns) = not significant, 
p>0.05. Alpha set at 0.05. 
 

Table4-5B: Distribution of SNP genotypes and Prognostic Factors for 
Significant Chi-Square Associations 

 
Val34Leu: VV (Wildtype), VL (Heterozygous), LL (Homozygous Alternative. 
Glu651Gln: EE (Wildtype), EQ (Heterozygous), QQ (Homozygous Alternative). 
 
  

p-value Sig. p-value Sig. p-value Sig. p-value Sig.
Grade 0.047 * 0.644 ns 0.12 ns 0.089 ns
FIGO Stage 0.802 ns 0.793 ns 0.415 ns 0.825 ns
Histology 0.059 ns 0.883 ns 0.353 ns 0.906 ns
At Risk of Progression 0.065 ns 0.413 ns 0.924 ns 0.039 *
Treatment 0.144 ns 0.937 ns 0.82 ns 0.473 ns

103G>T
(Val34Leu)

1694C>T
(Pro564Leu)

1951G>A
(Val650Ile

1954G>C
(Glu651Gln)Prognostic Factor

1 11 4% 11 8% 0 0%
2 41 15% 30 21% 2 6%
3 215 81% 103 72% 29 94%

No 181 70% 95 59% 21 75%
Yes 77 30% 66 41% 7 25%

At High Risk
of Progression

EE EQ QQ
n % n % n %

Grade
VV VL LL

n % n % n %
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progression, with those at high risk having a poorer prognosis (Figure 4-B). The 

F13A1 SNPS were not associated with overall survival in the log rank tests 

(Figure 4-C).  

4.5.2 Progression-Free Survival 

Progression-free survival (PFS) is defined as the length of time between the start 

of the study (Day 0) and the experience of a progression event, which may be 

defined as a worsening in disease. Both FIGO Stage and risk of disease 

progression were significantly associated with PFS (for both, p<0.001). In the 

Kaplan-Meier graph, it is clearly demonstrated that increasing stage of disease 

leads to a shorter progression-free survival (Figure 4-D) Those at high risk of 

disease progression had demonstrably shorter progression-free survival 

compared to those not at high risk (at high risk median survival of 12.7 months 

vs. not high risk median survival of 24.3 months) None of the F13A1 SNPs were 

significantly associated with disease progression (Figure 4-E).  

4.5.3 Survival Post-Progression 

Survival post-progression is defined as the period of time after the experience of 

progression event to either death or censorship in the study. This survival interval 

in particular can help increase the understanding of the directionality of an 

association i.e. can a particular genotype lead to more rapid death after 

progression or is a certain factor protective after progression and lead to a longer 

survival time. Just as in the overall survival and progression-free survival 

intervals, grade of disease, stage and risk of progression were all significantly 

associated with survival post-progression (Figure 4-F). No F13A1 SNPs were 

significantly associated with survival post-progression in univariate analysis 

(Figure 4-G), however, double carriage of polymorphisms at codon 650 and 651 

appeared to have a slightly improved prognosis compared to wildtype and 

carriage of 651 only.  
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4.6 Multivariate Survival Analysis 

Univariate analysis alone did not find a significant association between individual 

F13A1 SNPs and survival intervals. It is important to note that univariate analysis 

is not enough to determine relationships, particularly in such a complex disease 

state as cancer and multivariate analysis is required. As it is difficult to place more 

weight on one prognostic factor over another for its contribution to survival, All 

prognostic factors including all the SNPs of interest were taken forward into 

multivariate modelling. Due to the heterogeneity of cancer, there are multiple 

factors in play which may determine prognosis in terms of survival intervals and 

therapeutic response, therefore, making multivariate analysis paramount in 

aiming to understand the impact different factors may have in any clinical data 

cohort. 

4.6.1 Overall Survival 

In a Cox Proportional Hazards Regression Model, prognostic factors such as late 

stage, high grade resulted in a greater risk to patient overall survival, (Table 4-6). 

Clear cell and mucinous histologies had a significantly poorer prognosis 

compared to serous histology, (HR=3.54 and 4.56, respectively). Unsurprisingly, 

those at high risk of progression were 61% more likely to die than those not at 

high risk (HR=1.61).  

 

The only F13A1 SNP genotype that had a near significant improvement to overall 

survival was 103G/T (Val34Leu heterozygotes) (HR=0.73, p=0.056). However, 

homozygous alternative carriers for the 103T allele did not significantly differ from 

wildtype 103G/G patients (HR=0.97). This was a surprising result, because if 

there is a benefit to overall survival from one copy of the alternative allele, then it 

would be expected that two copies would have the same, if not stronger benefit. 

Although not significant, looking at the direction of the hazard ratios within the 

650 and 651 haplotypes, double carriage of the alternative alleles had an 

improved OS compared to wildtype, (Table 4-6).  
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Table 4-6: Cox Proportional Hazards Regression Model Results for Overall 
Survival 

 
N=441, due to any exclusion of patients where data may be missing for a 
covariate. Hazard Ratios (HR) >1 indicate a higher risk of experiencing the event 
measured, in overall survival analysis this is death, compared to the set baseline 
covariate (HR=1.00). HR<1 indicates that chance of experiencing death is less 
than baseline covariate. Abbreviations: Carboplatin and Paclitaxel Only (CP); 
Carboplatin, Paclitaxel and Bevacizumab (CP+B). Alpha was set at 0.05, and p-
values considered significant if <0.05; asterisks denote the following levels of 
significance: (*) p<=0.05; (**) p<=0.01; (***) p<=0.001. 
  

Prognostic Factor n HR Std Error p-value Significance

441 Lower Upper

Age at Diagnosis (24-79) 441 1.03 0.01 0.002 ** 1.01 1.04

1 22 1.00
2 72 3.02 1.61 0.038 * 1.06 8.61
3 347 2.24 1.16 0.117 0.82 6.17

I 35 1.00
II 55 1.30 0.69 0.625 0.46 3.68
III 299 7.07 3.32 <0.001 *** 2.82 17.73
IV 52 8.06 4.14 <0.001 *** 2.95 22.03

Serous 300 1.00
Mucinous 5 4.76 3.06 0.015 * 1.35 16.78

Endoemetrioid 32 1.16 0.36 0.638 0.63 2.13
Clear Cell 53 3.54 0.99 <0.001 *** 2.05 6.11

Mixed 33 0.89 0.25 0.690 0.52 1.55
Other 18 1.36 0.46 0.358 0.70 2.65

CP 213 1.00
CP+B 228 1.25 0.18 0.127 0.94 1.65

No 295 1.00
Yes 146 1.61 0.28 0.006 ** 1.14 2.27

GG 266 1.00
G/T 144 0.73 0.12 0.056 0.53 1.01
TT 31 0.97 0.28 0.910 0.55 1.71

CC 276 1.00
C/T 132 1.05 0.17 0.738 0.77 1.44
TT 33 1.31 0.37 0.343 0.75 2.28

GG + GG 255 1.00

G/G + G/C or C/C 130 0.90 0.14 0.512 0.66 1.23

G/A +AA or G/C + C/C 56 0.72 0.17 0.163 0.45 1.14

103G>T (Val34Leu)

1694C>T (Pro564Leu)

1951G>A (Val650Ile)
+

1954G>C (Glu651Gln)
Haplotypes

95% CI

Grade

FIGO Stage

Histology

Treatment Received

High Risk of
Disease Progression
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4.6.2 Progression-Free Survival 

Later stage and higher grade of disease resulted in a higher risk of disease 

progression, (Table 4-7). Those at high risk of progression were nearly twice as 

likely to progress compared to those not at high risk (HR=1.94, p<0.001). None 

of the F13A1 SNPs had either a significantly lower or higher risk of progression, 

although when looking just at the directionality of the hazard ratios, carriage of 

the T allele at 103G>T and C at 650+651 haplotypes both had an improved 

prognosis, with HR<1. Carriage of the T allele at 1694C>T resulted in higher HR 

with increasing number of alleles carried, resulting in progression. 

4.6.3 Survival Post-Progression 

Clear cell and mucinous histologies were significantly detrimental to survival post 

progression with hazard ratios >4 and >5, respectively, (Table 4-8). Those with 

Stage II disease, had a significantly improved prognosis post-progression 

(HR=0.26, p=0.024). Those in receipt of bevacizumab (CP+B) had a slightly 

significantly poorer prognosis following disease progression, compared to those 

who received only the standard chemotherapy regimen (HR=1.37, p=0.043). This 

finding is also reflected in the full ICON7 cohort analysis that a benefit to survival 

for bevacizumab treatment was not seen in the general analysis, and that only a 

defined subset of women benefitted from the addition of bevacizumab.  

 

Just as with overall survival, a significant benefit in overall survival was present 

for patients heterozygous at 103G>T for survival after progression of disease, 

(HR=0.69, p=0.030). No other F13A1 SNPs were significantly associated with 

survival post-progression. Again, a look into the directionality of the hazard ratios 

identified an improvement to survival post-progression for double carriage of the 

alternative alleles at 1951G>A and 1954G>C, which is certainly in contrast to the 

findings within the Leeds cohort analysis (Chapter 3).  
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Table 4-7: Cox Proportional Hazards Regression Model Results for 
Progression-Free Survival 

 

 
N=441, due to any exclusion of patients where data may be missing for a 
covariate. Hazard Ratios (HR) >1 indicate a higher risk of experiencing the event 
measured, in progression-free survival analysis this is progression of disease, 
compared to the set baseline covariate (HR=1.00). HR<1 indicates that chance 
of experiencing progression is less than baseline covariate (HR=1.00). 
Abbreviations: Carboplatin and Paclitaxel Only (CP); Carboplatin, Paclitaxel and 
Bevacizumab (CP+B). Alpha was set at 0.05, and p-values considered significant 
if <0.05; asterisks denote the following levels of significance: (*) p<=0.05; (**) 
p<=0.01; (***) p<=0.001.  
  

Prognostic Factor n HR Std Error p-value Significance

441 Lower Upper

Age at Diagnosis (24-79) 441 1.01 0.01 0.035 * 1.00 1.03

1 22 1.00
2 72 1.67 0.59 0.152 0.83 3.34
3 347 1.85 0.62 0.064 0.97 3.56

I 35 1.00
II 55 3.07 1.45 0.018 * 1.22 7.75
III 299 8.61 3.87 <0.001 *** 3.57 20.80
IV 52 10.73 5.19 <0.001 *** 4.16 27.69

Serous 300 1.00
Mucinous 5 2.83 1.75 0.092 0.84 9.51

Endoemetrioid 32 0.88 0.23 0.618 0.53 1.46
Clear Cell 53 1.71 0.43 0.032 * 1.05 2.78

Mixed 33 0.93 0.21 0.740 0.59 1.46
Other 18 1.59 0.47 0.117 0.89 2.85

CP 213 1.00
CP+B 228 0.85 0.10 0.168 0.67 1.07

No 295 1.00
Yes 146 1.94 0.29 <0.001 *** 1.45 2.61

GG 266 1.00
G/T 144 0.89 0.12 0.387 0.68 1.16
TT 31 0.84 0.21 0.485 0.51 1.38

CC 276 1.00
C/T 132 1.19 0.16 0.193 0.92 1.54
TT 33 1.19 0.28 0.457 0.75 1.91

GG + GG 255 1.00

G/G + G/C or C/C 130 0.89 0.12 0.37 0.68 1.16

G/A +AA or G/C + C/C 56 0.81 0.15 0.24 0.56 1.16

103G>T (Val34Leu)

1694C>T (Pro564Leu)

1951G>A (Val650Ile)
+

1954G>C (Glu651Gln)
Haplotypes

95% CI

Grade

FIGO Stage

Histology

Treatment Received

High Risk of
Disease Progression
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Table 4-8: Cox Proportional Hazards Regression Model Results for 

Survival Post-Progression 
 

 
N=285, only those patients who had progressed in their disease were included in 
this analysis, and any patient with missing values for any of the covariates was 
automatically excluded by the model. Hazard Ratios (HR) >1 indicate a higher 
risk of experiencing the event measured, in survival post-progression survival 
analysis this is death, compared to the set baseline covariate (HR=1.00). HR<1 
indicates that chance of experiencing death is less than baseline level of 1. 
Abbreviations: Carboplatin and Paclitaxel Only (CP); Carboplatin, Paclitaxel and 
Bevacizumab (CP+B). Alpha was set at 0.05, and p-values considered significant 
if <0.05; asterisks denote the following levels of significance: (*) p<=0.05; (**) 
p<=0.01; (***) p<=0.001.  

  

Prognostic Factor n HR Std Error p-value Significance

285 Lower Upper
Age at Diagnosis (24-79) 285 1.03 0.01 0.001 ** 1.01 1.05

1 10 1.00
2 50 3.01 1.85 0.073 0.90 10.03
3 225 1.93 1.15 0.271 0.60 6.23

I 6 1.00
II 20 0.26 0.15 0.024 * 0.08 0.83
III 211 0.85 0.43 0.745 0.32 2.27
IV 48 0.95 0.52 0.930 0.33 2.77

Serous 208 1.00
Mucinous 3 5.52 4.44 0.034 * 1.14 260.68

Endoemetrioid 15 1.33 0.45 0.402 0.68 2.59
Clear Cell 24 4.96 1.45 <0.001 *** 2.79 8.79

Mixed 22 0.97 0.27 0.916 0.56 1.69
Other 13 1.12 0.38 0.735 0.58 2.18

CP 133 1.00
CP+B 152 1.37 0.21 0.043 * 1.01 1.85

No 156 1.00
Yes 129 1.06 0.19 0.751 0.75 1.49

GG 179 1.00
G/T 88 0.69 0.12 0.030 * 0.49 0.96
TT 18 1.13 0.35 0.689 0.61 2.09

CC 174 1.00
C/T 90 0.95 0.16 0.752 0.68 1.32
TT 21 1.12 0.33 0.708 0.62 2.00

GG + GG 164 1.00

G/G + G/C or C/C 84 1.05 0.17 0.784 0.75 1.45

G/A +AA or G/C + C/C 37 0.86 0.21 0.540 0.53 1.39

103G>T (Val34Leu)

1694C>T (Pro564Leu)

1951G>A (Val650Ile)
+

1954G>C (Glu651Gln)
Haplotypes

95% CI

Grade

FIGO Stage

Histology

Treatment Received

High Risk of
Disease Progression
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4.7 Sub-Cohort Analyses 

The focus on sub-cohort analysis was on associations with F13A1 SNPs and 

survival intervals and although other prognostic factor distributions and 

associations were checked within the sub-cohorts, to confirm validity (e.g. 

relationships between grade, stage, histology and influences on survival), they 

are not reported in the following analyses.  

 

4.7.1 Treatment Received 

The ICON7 Trial tested the benefit of the addition of bevacizumab to platinum 

based chemotherapy. In the translational sample cohort, there was a near 50% 

split between the two treatment arms and the response to each treatment arm 

was compared between genotypes and survival intervals. In multivariate analysis 

of the whole cohort, bevacizumab did not benefit prognosis, reflecting the findings 

of the whole ICON7 Cohort that bevacizumab did not significantly extend  overall 

survival or prevent progression, expect for those patients at high risk of 

progression (78,79) (data not shown). An analysis comparing risk groups will be 

presented in Section 4.6.2.  

 

No work, known to date, has ever been performed to assess whether FXIIIA is 

involved in response to chemotherapy. FXIIIA does have a role in angiogenesis, 

as the active transglutaminase promotes pro-angiogenic signalling through 

crosslinking of the integrin beta-3 and the tyrosine kinase receptor VEGFR2. 

Bevacizumab is an anti-angiogenic chemotherapy that binds to VEGFA (which 

normally binds to VEGFR2 to promote signalling). The role of FXIIIA in pro-

angiogenic signalling has not assessed whether the presence of F13A1 SNPs 

changes the angiogenic signalling promotion. Therefore, could FXIIIA mutants 

respond differently to anti-angiogenic therapy, or in the absence of anti-

angiogenic therapy, do mutants have a differential prognosis, depending on 

genotype? An exploratory analysis was performed with the ICON7 trial 

translational samples to investigate whether carriage of the F13A1 SNPs resulted 

in a differential response, in terms of survival intervals, for OC patients.  

4.7.1.1 Carboplatin & Paclitaxel Only 
In the carboplatin and paclitaxel group alone, multivariate analysis identified that 

none of the F13A1 SNPs were significantly associated with overall survival or 
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progression-free survival, however significant associations were identified for 

survival post-progression, (Table 4-9). Heterozygotes at Val34Leu (103G/T) had 

a significantly better prognosis than wildtype individuals (HR=0.51, p=0.023, 

median survival post progression = 32.7 months vs wildtype median survival post-

progression = 22.8 months). Carriage of two alternative alleles resulting in 

homozygous alternative individuals (103T/T), however, although not significantly 

so, were over twice as likely to die compared to wildtype (103G/G) with median 

survival post-progression for 103 T/T patients at 8.9 months. Plots of survivor 

function from the Cox models clearly demonstrate the differences seen between 

survival intervals and Val34Leu genotypes between the treatments received, 

(Figure 4-H). 

4.7.1.2 Addition of Bevacizumab to Carboplatin & Paclitaxel 
Those patients in receipt of bevacizumab alongside the chemotherapy, although 

not statistically significant, appeared to have a differential response in terms of 

prognosis depending on the genotype of the patient at Val34Leu (Figure 4-H). 

The Kaplan-Meier curves show clear differences in prognosis for survival 

intervals; 103G>T where it appears that those with 103T/T who receive platinum 

and taxol alone have a better PFS, but once progression occurs, carriage of this 

genotype is detrimental to survival for them. Patients with 103T/T do worse, whilst 

heterozygotes 103G/T performed better in terms of PFS and OS when in receipt 

of bevacizumab. Heterozygotes at 103G>T (103G/T) had a significantly improve 

OS compared to wildtype (HR=0.65, p=0.054), Table (4-9). 

4.7.2 Risk of Disease Progression 

Those at high risk of disease progression were those with Grade IIIC/IV who were 

either unable to have resective surgery or had >1 cm of residual disease margin 

remaining post-surgery. In the full ICON7 trial, those with high risk disease were 

the only patients who positively responded to the addition of bevacizumab to their 

standard chemotherapy regimen (78,79). Analysis of the ICON7 translational 

cohort in this thesis has identified that the SNP 103G>T in particular 

heterozygotes at this SNP site, benefited in both OS (although not significantly 

so for OS) (HR=0.73, p=0.056) and SPP (HR=0.69, p=0.030). Analysis of the  
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Figure 4-H: Comparison of Plots of Survivor Function from Cox 
Proportional Hazards Regression Models for Survival Intervals for 
Treatment Received and 103G>T (Val34Leu) Variants. Left column of plots are 
for those patients in receipt of the standard platinum-based chemotherapy 
regimen and right column of plots are for those in receipt of bevacizumab in 
addition to the standard chemotherapy regimen. Survival interval measured is 
given on the left of each row. Covariates included in the Cox Model: Age at 
Diagnosis, Grade, Stage, Histology, Risk of Progression, and the F13A1 
genotypes, with 1951G>A and 1954G>C treated as haplotypes, as performed in 
earlier Cox models.  
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treatment groups in sub-cohort analysis identified a differential response in OS 

for those patients who received bevacizumab and 103G>T genotype (Table 4-9). 

So, are heterozygotes at 103G>T associated with high risk of disease, if they are 

the ones benefiting from bevacizumab? One of the main limitations of this 

analysis was the inability to perform multivariate Cox modelling due to the small 

sample size and “lack of convergence” for the survival intervals: progression-free 

survival and survival post-progression, particularly in the high risk of progression 

sub-cohort (n=150). Therefore, only analysis for overall survival which was 

successfully calculated, has been reported for the high risk sub-cohort. All 

survival intervals are reported for those patients with available data. N=298 for 

the group not at high risk of progression.    

4.7.2.1 Not at High Risk of Progression 
Bevacizumab in the Not at High Risk cohort was significantly associated with 

poorer overall survival (HR=1.64, p=0.017, 95% CI: 1.09-2.45) (table not shown 

for brevity, see Appendix 3), which fits with the aforementioned full trial findings 

that only those at high risk of disease progression benefitted from bevacizumab. 

Similar to analysis of the whole cohort (n=448), heterozygotes at Val34Leu 

(103G>T, 103GT) had a lower risk of death compared to wildtype individuals, 

although not significantly so for this ‘not at risk of progression’ sub-cohort 

(HR=0.73, p=0.147), (Table 4-10A).  

 

Double carriage of alternative alleles at 1951G>A and 1954G>C also had a near 

significant benefit to overall survival (HR=0.51, 0.062), (Table 4-9A). This is the 

first instance where haplotypes for these SNPs, have been seen to have a near 

significant effect on survival in this cohort, but this does not support the findings 

observed within the Leeds cohort (Chapters 1 and 3). 

4.7.2.2 At High Risk of Disease Progression 
SNP 103G>T heterozygotes did again have a benefit to overall survival in the 

sub-cohort at high risk of disease progression, although not significantly so 

(HR=0.68, p=0.166 (Table 4-10B, and Appendix 4). Interestingly, in this sub-

cohort, homozygous alternative variants at 1694C>T (1694T/T) were over 3 times 

more likely to die compared to wildtype counterparts (HR=3.65, p=0.004),  
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Table 4-10B: Summary of Hazard Ratios for F13A1 Variants and those at 
High Risk of Disease Progression 

 
N given is the number of patients taken into the Cox Proportional Hazards 
Regression Model, as the Cox Model does not include patients with any missing 
data points for the given covariates. Hazards Ratios generated from a Cox Model 
which included the covariates: Age at Diagnosis, Grade, FIGO Stage, Histology, 
Treatment Received and the F13A1 Variants. P-values considered significant if 
p<0.05, with significant findings highlighted in yellow for clarity. HR= Hazard 
Ratio, Sig.=Significance, (*) = p<0.05, (ns) = not significant. 
  

n HR p-value Significance
103GG 96 1.00
103GT 37 0.68 0.166 ns
103TT 13 1.03 0.948 ns

1694CC 96 1.00
1694CT 42 1.15 0.567 ns
1694TT 8 3.65 0.004 **

GG + GG 75 1.00
GG + G/C or CC 52 1.01 0.974 ns

G/A or AA + G/C or CC 19 0.99 0.965 ns

146/150

103G>T

1694C>T

1951G>A
+1954G>C 
Haplotypes

At High Risk  of Progression
Overall Survival

SNP SNP
Genotype
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whereas individuals carrying the alternative T allele at this SNP site and not at 

high risk of progression had a better prognosis with HRs<1, (Table 4-10B). This 

suggests that carriage of the T allele at 1694 may be detrimental to those at high 

risk of disease progression.  

 

A small investigation into whether 1694C>T resulted in a differential response to 

treatment depending on risk group was conducted. Carriers of the T allele at this 

locus and at high risk of progression had a significantly poorer prognosis if treated 

with bevacizumab (HR=2.41, p=0.007, n=27/74) whilst those at high risk and in 

receipt of the standard regimen had a better prognosis, although not significant 

(HR=0.57, p=0.130, n=26/76), (Table 4-11). Carriers of the T allele at this locus 

and not at high risk of progression had the reverse relationship, with those treated 

with bevacizumab benefiting in terms of their prognosis (HR=0.74, p=0.273, 

n=62/158) and those with the standard regimen only had a poorer prognosis 

(HR=1.31, p=0.413, n=55/140). Therefore, these findings could suggest that 

patients carrying the alternative T allele and at high risk of disease progression 

(i.e. aggressive disease) should not receive bevacizumab, but this would require 

much more in depth analysis in larger cohorts of patients. The SNP 1694C>T 

was not significantly associated with any of the prognostic factors in the cohort 

(Table 4-4) and the exact contribution of 1694C>T to response to bevacizumab 

would require further exploration. 
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Table 4-11: Summary of Hazard Ratios for F13A1 Genotypes for Overall 

Survival for Risk of Progression and Treatment Received 

 
N given is the number of patients taken into the Cox Proportional Hazards 
Regression Model, as the Cox Model does not include patients with any missing 
data points for the given covariates. Hazards Ratios generated from a Cox Model 
which included the covariates: Age at Diagnosis, Grade, FIGO Stage, Histology, 
and the F13A1 Variants. Due to small number of the carriers of the alternative A 
allele at 1951G>A, heterozygotes (G/A) and homozygous alternative carriers 
(AA) were combined into one group. P-values considered significant if p<0.05, 
with significant findings highlighted in yellow for clarity. HR= Hazard Ratio, 
Sig.=Significance, (**) = p<0.01, (ns) = not significant. 
 
 
  

n HR p-value Significance
103GG 53 1.00

103GT/TT 23 0.63 0.204 ns
1694CC 50 1.00

1694CT/TT 26 0.57 0.130 ns
1951GG 70 1.00

1951GA/AA 6 1.14 0.838 ns
1954GG 44 1.00

1954GC/CC 32 1.16 0.681 ns
103GG 46 1.00

103GT/TT 28 0.64 0.209 ns
1694CC 47 1.00

1694CT/TT 27 2.41 0.007 **
1951GG 61 1.00

1951GA/AA 13 1.11 0.815 ns
1954GG 33 1.00

1954GC/CC 41 0.73 0.364 ns
103GG 88 1.00

103G>T 103GT/TT 52 0.93 0.830 ns
1694CC 85 1.00

1694C>T 1694CT/TT 55 1.31 0.413 ns
1951GG 121 1.00

1951G>A 1951GA/AA 19 0.95 0.929 ns
1954GG 87 1.00

1954G>C 1954GC/CC 53 0.83 0.656 ns
103GG 85 1.00

103G>T 103GT/TT 73 0.72 0.205 ns
1694CC 96 1.00

1694C>T 1694CT/TT 62 0.74 0.273 ns
1951GG 139 1.00

1951G>A 1951GA/AA 18 0.38 0.095 ns
1954GG 94 1.00

1954G>C 1954GC/CC 63 0.95 0.843 ns

Not At
High Risk

CP Only 140

CP plus B 158

Overall Survival

1951G>A

1954G>C

CP plus B 74

103G>T

1694C>T

1951G>A

1954G>C

Risk of 
Disease

Progression

Treatment
Received

n SNP
SNP

Genotype

High Risk

CP Only 76

103G>T

1694C>T



 

	

113 

4.8 Summary of Key Findings 

• The ICON7 trial distribution of prognostic factors appeared similar to other 

clinical trials, with higher grade, later stage and serous histology being the 

most common factors for patients in the trial. 

• Grade of disease, stage of disease and risk of disease progression were 

all significantly associated with survival intervals: progression-free 

survival, survival post-progression and overall survival. 

• F13A1 SNP 103G>T was significantly associated with grade of disease 

(p=0.047, Chi-square), with heterozygotes having lower grade disease 

than both homozygous variants.  

• Although not significant, in univariate survival analysis, 103G/T 

heterozygotes in general survived longer than both homozygous variants 

(Kaplan-Meier) 

• 103G/T patients had a significant improvement to prognosis for survival 

post-progression (HR=0.69, p=0.030, 95%CI: 0.49-0.96) and near 

significantly associated with overall survival (HR=0.71, p-value=0.056, 

95% CI: 0.53-1.01). 

• Differing 103G>T genotypes had differential response to chemotherapy 

therapy received when survival intervals were assessed. In univariate 

survival analysis, 103T/T patients had a longer PFS than other genotypes, 

but once disease progressed, benefit was lost. In the presence of 

bevacizumab, this benefit to PFS was not present, and wildtype and 

heterozygous patients performed better. 

• 103G/T patients benefited the most in terms of OS and PFS with 

bevacizumab, in univariate analysis.  

• In multivariate analysis, heterozygous 103G/T patients had near 

significant benefit to OS when treated with bevacizumab (HR=0.65, 

p=0.054) compared to wildtype patients 

• In multivariate analysis, when treated with platinum and taxol only, 103G/T 

patients had a significantly better prognosis compared to wildtype patients. 

• 103G>T was not significantly associated with risk of disease progression 

in univariate and multivariate analyses. In general, heterozygotes always 

had a better prognosis compared to wildtype individuals.  
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• SNP 1694C>T was significantly associated with poor OS for those with 

high risk of disease progression (HR=3.65, p=0.004) however, only 8 

patients had this genotype and were at high risk of progression, therefore 

more patients would need to be assessed to see if this were a true result, 

even though 7/8 (88%) had died. 

• The ICON7 clinical trial found that those at high risk of progression 

benefited from the addition of bevacizumab to their treatment regimen, and 

when F13A1 SNPs were explored in higher risk sub-cohort treated with 

bevacizumab the SNP 1694C>T was associated with detriment to OS 

when treated with bevacizumab (HR=2.41, p=0.007).  However, small 

numbers of the sub-cohort mean that results must be interpreted with 

caution and would require further exploration in other clinical cohorts.  

4.9 Brief Discussion 

The SNP which appeared to benefit overall survival and survival post-progression 

was 103G>T, but only for heterozygotes at this locus, and no benefit was seen 

for homozygotes for this alternative allele. This was a strange result, as it would 

be expected that if carriage of one copy of the T allele was beneficial, then two 

should have been even more beneficial. This was not the case in this cohort, and 

throughout further analysis of sub-cohorts, heterozygotes time and time again 

benefitted over homozygous and wildtype individuals e.g. benefit to overall 

survival in particular was present regardless of risk of disease progression for 

34V/L variants. This suggests that there could be an interesting role for FXIIIA 

molecules carrying this heterozygous SNP site. 103G>T (Val34Leu) is well 

established in the literature in a variety of diseases as Factor XIIIA in Leu/Leu 

individuals is activated more rapidly and results in tighter fibrinogen cross-links 

following its transglutaminase activity (247). Leu/Leu variants have been 

associated with thrombotic diseases, such as stroke and myocardial infarction 

(195,198,208,251). Heterozygotes and wildtype individuals have a reportedly 

protective effect in uterine myoma (248), and it appears that 34V/L may be having 

a protective effect in OC, too.  

 

Differential response to treatment received was present in this cohort, depending 

on 103G>T genotype. Heterozygotes benefited in all survival intervals when 

treated with bevacizumab. However, 103T/T homozygotes appeared to strongly 
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benefit for progression-free survival when treated with a standard chemotherapy 

regimen alone. Once progression occurred, this benefit was lost and survival 

post-progression was poorer for 103T/T individuals, whilst heterozygous 103G/T 

individuals survived over twice as long. When in receipt of bevacizumab, 103T/T 

variants performed the worst in terms of PFS, suggesting that 103T/T variants in 

particular should potentially not receive bevacizumab. 

 

The SNP 1694C>T (Pro564Leu) may also have a role in response to 

bevacizumab, although the calculated hazard ratios were from very small 

population sizes and must be treated with extreme caution. The detriment to OS 

for carriers of the alternative allele could potentially be linked to alterations in 

plasma levels of FXIIIA. This polymorphism (Pro564Leu) results in lower plasma 

FXIII levels (189). However, Leu564 is associated with higher specific activity of 

FXIIIA (166), and the location of the Pro564Leu polymorphism may result in an 

effect on substrate binding. No associations were seen with this SNP in analysis 

of the full cohort with any of the prognostic factors or survival intervals. Therefore, 

a larger study would be required to determine a role for this SNP in response to 

therapy. 

 

Previous work on a cohort biased towards survivors >2 years (Chapter 3) found 

an association with 103G>T for 103T/T patients benefiting (HR=0.34, p=0.024) 

but this was not maintained in long term survival. Instead, the previous cohort 

found that SNPs 1951G>A and 1954G>C were associated with overall survival. 

These results could not be replicated in this study of newly-diagnosed women. 

This translational cohort from the ICON7 clinical trial, does represent a different 

group of women, i.e. only newly diagnosed patients were recruited whereas the 

Leeds Initial Cohort (n=258, Chapter 3) represents a greater cross-section of 

patients at new diagnosis and subsequent follow-up. So perhaps the SNPs 

1951G>A and 1954G>C are more important for long term survival and follow-up? 

The cohort from Leeds investigated in Chapter 3 were from the Leeds 

geographical area, so therefore a location bias was also present, which was 

unlikely to be present in the translational ICON7 cohort investigated in this 

chapter, due to large number of international centres from which samples were 

collected. Information was unavailable for the precise geographical location of all 

the DNA translational cohort samples (n=448). 
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Many questions are raised as a result of this small investigation. Could the 

103G>T SNP be protective up to a point in OC? And if so, what role could 

heterozygotes be having in particular? How could the heterozygous variant be 

benefiting survival i.e. is there a difference in activation/activity of heterozygotes?  

If 103G>T is associated with grade of disease, how could this variant be 

contributing to the disease differentiation (the actual measure of disease grade)? 

The next steps would be to try and further determine the role of 103G>T 

(Val34Leu) in OC. Firstly, an exploration of FXIIIA protein expression in OC could 

be performed, and are associations between SNP genotypes and expression 

levels present in OC? It would be interesting to see whether the finding of the 

association between grade and 103G>T in the clinical data from this cohort, could 

be replicated in terms of tissue expression. It would also be very interesting to 

look at whether heterozygotes for 103G>T have either significantly higher or 

lower protein expression levels, as this may provide a further indication of the role 

FXIIIA may be having in OC. For heterozygotes, it is unknown what percentage 

of the FXIIIA molecules exist as a heterodimer versus the homodimers, and how 

the heterodimer behaves differently with respect to the stability of the molecule 

and/or its activation, or even association of the heterodimer with the FXIIIB 

subunit when in circulation.  

 

The prognostic factor data for European Cooperative Oncology Group (ECOG) 

Performance Status and tumour bulk were missing for this smaller translational 

cohort from the full ICON7 cohort (78,79). These two prognostic factors are useful 

in measuring likelihood of disease progression and patient quality of life for 

tumour bulk and performance status, respectively. The absence prevents the 

most thorough multivariate analysis as the more covariates representing the 

disease the better it is for understanding interactions between and contributions 

of covariates to the disease model. However, the absence of tumour bulk and 

performance status does not invalidate the multivariate modelling performed in 

this chapter, as there are enough prognostic factors which describe the OCs of 

these patients and allowed for sufficient testing of the hypotheses regarding 

F13A1 SNPs, OC prognostic factors and survival intervals. This will be addressed 

more in Chapter 7. 
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In summary, analysis of a prospective OC cohort, encompassing newly 

diagnosed patients, has identified that the F13A1 SNP 103G>T for amino acid 

change Val34Leu, may have a role in overall survival and survival post-

progression in OC patients. Further studies are required to further elucidate the 

role this SNP may have on OC phenotype and response to therapy.  
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Chapter 5: Tissue Expression of FXIIIA in Ovarian Cancer 

5.1 Introduction 

In the previous chapter, associations were found between SNPs within the gene 

for FXIIIA, F13A1, and survival intervals in the ICON7 translational cohort. In 

particular, the SNP 103G>T stood out in terms of having a potential role as a 

marker in response to chemotherapy and for survival intervals. Interestingly, 

heterozygous patients for this SNP (103G/T) were the ones who appeared to 

have a longer overall survival and survival post-progression rather than their 

homozygous counterparts. Patients with the genotype 103T/T in receipt of the 

standard chemotherapy regimen had a longer progression-free survival 

compared to others, and that once disease progressed those with 103T/T died 

far sooner. Heterozygous patients also appeared to benefit in all survival intervals 

when in receipt of bevacizumab. These findings although interesting, required 

further exploration in in vitro analyses due to the limited sample size and power 

within the cohort, in order to try and understand FXIIIA’s role in ovarian cancer 

progression, response and survival. The next steps were to assess whether a) 

FXIIIA is expressed in ovarian cancer, and b) are SNPs in F13A1 and OC 

prognostic factors such as grade and stage linked to expression levels of FXIIIA 

in OC tissues? If FXIIIA is expressed, is its function limited to a cross-linker of the 

matrix, or does it perhaps have another role instead?  

 

Expression of FXIIIA has been explored in studies associated with skin and bone, 

but little, if anything, has assessed expression of FXIIIA in ovarian cancer. Before 

using precious tissue samples, an assessment of mRNA levels of F13A1 was 

performed through interrogation of publically-available mRNA expression 

databases. If gene transcription levels were different between normal tissue and 

ovarian carcinoma, then this could indicate that protein levels may be different 

and could provide further information on the role of FXIIIA in OC. The overarching 

question was: is there protein in situ in OC patients which may be contributing to 

prognosis and therapeutic response? 
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5.2 Databases & Samples Used 

5.2.1 CSIOVDB 

Several databases on mRNA expression in ovarian cancer exist, including 

OvMark, KMPlotter and The Ovarian Cancer Database of the Cancer Science 

Institute Singapore (CSIOVDB) (252). However, the latter is the first to include 

the molecular subtype information and epithelial-mesenchymal transitioning 

(EMT) scores. EMT is a phenotypic change which has been associated with 

cancer progression, as cells move to a more mesenchymal-like phenotype when 

undergoing metastasis. Correlations may be identified between gene expression 

and EMT scores in order to assess the potential contribution of the gene to 

metastatic behaviour. OC is no longer treated as a single disease with 

transcriptomic analysis having identified five molecular subtypes which vary in 

their gene expression, prognosis and therapeutic response (45,49,253). The 

large sample size and detailed collation of all this information into a single 

database, makes CSIOVDB a powerful tool for the thorough analysis of mRNA 

expression and impact gene expression may have on OC progression, prognosis 

and treatment.  

 

(CSIOVDB) is a large microarray gene expression database for analysis of 

mRNA expression from 3431, representing 3261 unique, patients. Clinico-

pathological data in terms of grade, stage, histology, therapeutic response and 

survival of disease, where available, were collated from numerous other 

databases including ArrayExpress, the Expression Project for Oncology (ExpO), 

The Cancer Genome Atlas (TCGA), 40 gene expression omnibus (GEO) 

accessions and several private/in-house cohorts. Probe intensity was normalised 

using the robust multi-array average (RMA) algorithm and data were reported as 

fold change compared to controls. CSIOVDB was interrogated for expression of 

F13A1 and findings are presented in this chapter.  

5.2.2 Kaplan-Meier Plotter (KM plotter) 
KM plotter is a database of mRNA gene chip, mRNA RNA-Seq and miRNA data 

from several cancers (254). Only mRNA gene chip data is available for ovarian 

cancer. The data are sourced from genomic spatial events (GSE) and TCGA 

databases and allows for meta-analysis of the clinical data and gene expression. 

Databases were collated by KM plotter and probe intensity was normalised with 
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the Affymetrix MAS5 algorithm and then mean-centred with second scaling 

normalisation to set average gene expression on each chip to 1000 (254,255).  

F13A1 mRNA expression and survival intervals was queried in the OC database 

(Affymetrix ID: 20335-at). An automatic selection of the best cut-off between low 

and high expression was set by KM plotter between the lower and upper quartiles.  

5.2.3 Ovarian Cancer Tissues into Tissue Microarrays 

An exploration of FXIIIA expression had not previously been carried out in OC 

tissues, presenting a novel opportunity for this project. Expression of FXIIIA was 

explored in tissues with paraffin-embedded tissue microarrays (TMAs) from the 

ICON7 translational cohort. It was expected that the highest proportion of 

expression would be in OC stroma, due to the high mRNA expression results 

from CSIOVDB, although it was unknown whether FXIIIA would remain present 

in the tissue after its transglutaminase activity, as its precise role in OC remains 

to be elucidated. Although FXIIIA is trapped in fibrin clots, near the site of its 

cross-linking activity, little is known whether this trapping would occur in tumour 

stroma or if the cross-linking via transglutaminase was FXIIIA’s main role in OC. 

Expression of FXIIIA was expected to be lower in tumour compared to tumour 

stroma, given the mRNA expression results from CSIOVDB. If the staining was 

found to be present in immune-like cells within the stroma, then this may suggest 

a more immunological role for FXIIIA in OC.   

 

Primary OC tumour tissues were collected during resective surgery as part of the 

ICON7 clinical trial from 360 patients and examined by a histopathologist, prior 

to setting within the TMAs. TMAs were processed by placing cores from each 

tissue in paraffin blocks based on whether they consisted of OC tumour, 

tumour/stroma or stroma. A core was not always available for each category for 

each patient due to the nature of the sample being taken or may not have an 

equal distribution of the histopathological categories. It was noted that there were 

fewer stroma samples in general, perhaps due to sample fragility and difficulty 

embedding in paraffin for sectioning. 

 

A small investigation was also performed using frozen ovarian cancer samples 

from the Leeds Tissue Bank to assess the levels of co-localisation between 

FXIIIA and other key players that may have relevance to this study such as 



 

	

121 

transglutaminase-2 (TGM2), the product of cross-linking isopeptide bonds, and a 

substrate expressed in OC tissues, fibrinogen. Establishing co-localisation 

between any of these proteins in situ may help to further elucidate the role FXIIIA 

in OC.   

5.3 Differential mRNA Expression in Ovarian Cancer: An 
exploration of databases 

5.3.2 Results of CSIOVDB Analysis 
Expression of F13A1 mRNA was queried in CSIOVDB, the results of which are 

summarised in Tables 5-1 to 5-4. F13A1 mRNA expression was significantly 

lower between normal stroma, which is more mesenchymal and normal ovary 

epithelium (p=<0.0005). Ovarian tumours had significantly lower expression 

compared to normal epithelium. However, the highest expression of F13A1 

mRNA was found in tumour stroma, and was significantly higher than expression 

in normal stroma (p=<0.0001), normal epithelium (p=0.0207) and ovarian 

tumours (p=<0.0001). As stroma is more mesenchymal, this suggests F13A1 

mRNA expression is either higher in cells with mesenchymal phenotype 

compared to epithelial phenotype or there is another population of cells within the 

stroma that expresses FXIIIA. The higher expression in tumour stroma suggests 

that FXIIIA may have a role in the tumour matrix, and as FXIIIA can cross-link 

extracellular matrix proteins through its transglutaminase activity perhaps exert a 

role in maintenance and/or development of tumour matrices.  

 

Mucinous histology with low metastatic potential, and clear cell histology have 

the highest mRNA expression (Table 5-2). Multivariate Cox modelling in the 

ICON7 Cohort (Chapter 4) found that those with clear cell histology had a higher 

risk of death (HR=3.54, p=<0.001) and progression of disease (HR=1.71, 

p=0.032). Could this be due to the increased gene expression of F13A1, resulting 

in more FXIIIA protein which may be exerting its roles in tumour matrix formation 

or angiogenesis, which may be affecting prognosis? High grade serous histology 

has the lowest expression of F13A1 mRNA. Low grade serous (or serous 

histology with low metastatic potential) although had higher expression compared 

to high grade serous, expression was not significant (p=0.203). 
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Expression of F13A1 mRNA decreased with increasing grade and stage of 

disease, (Tables 5-3). No relationship was seen for F13A1 mRNA expression and 

sensitivity to therapy (data not shown). No correlation was identified between age 

and expression (p=0.461). Interestingly, a positive association was present 

between increasing F13A1 expression and EMT score (Spearman Rho 0.289, 

p=<0.0001). A high EMT score means that there is a higher expression of 

mesenchymal-associated genes than epithelial-associated genes. As F13A1 is 

highly expressed in tumour stroma, which is more mesenchymal in nature (256) 

the EMT score may only be reflecting that F13A1 is expressed in more 

mesenchymal-like cells. Further investigation would therefore be required to 

establish whether FXIIIA has a role in EMT. The highest mRNA expression in OC 

molecular subtypes was in the Mesenchymal subtype (MES) and expression was 

significantly higher compared to all other subtypes measured in CSIOVDB 

(p<0.001), (Table 5-4). 

 

When expression levels of F13A1 were split by median expression and analysed 

for overall and disease-free (progression-free) survival, no significant 

associations were seen, (Figure 5-A). Median overall survival was 48 months and 

46.37 months for low and high mRNA expression, respectively. Median disease-

free survival was 22.02 months and 19.00 months for low and high expression, 

respectively. Only survival analysis based on the whole cohort could be 

performed with the CSIOVDB and it would have been interesting to see whether 

there was any benefit to survival intervals if the survival data were stratified based 

on histological subtype or tissue type. 

 

The high expression of F13A1 mRNA in tumour stroma compared to normal 

stroma and ovarian tumours, suggests a role of FXIIIA within the carcinoma 

stroma. However, higher transcription of mRNA does not necessarily mean an 

increased level of the expressed protein within the stroma, and further 

investigation into protein expression within ovarian tissue would be necessary. If 

higher expression of FXIIIA protein was present in tumour stroma tissue, where 

was the protein being expressed? 

 
 

  



 

	

123 

 
 
 

Table 5-1: F13A1 mRNA Expression in Ovarian Tissue Types in CSIOVDB 
 

 
(A) Fold change in F13A1 mRNA expression data from ovarian tissues types 
compared to controls. Expression data were normalised using RMA. (B) P-values 
from Mann-Whitney U testing for difference between groups, tested between the 
group give in the far-left column and then the top row. A value of ‘0.000’ indicated 
that p<0.001. Results not significant if p>0.05.  Abbreviations:  Quantile 1 (Q1) – 
Quantile 4 (Q4).  
 
 
 
 

Table 5-2: F13A1 mRNA Expression in Ovarian Cancer Histologies in 
CSIOVDB 

 

 
(A) Fold change in F13A1 mRNA expression data from ovarian cancer histologies 
compared to controls. Expression data were normalised using RMA. (B) P-values 
from Mann-Whitney U testing for difference between groups, tested between the 
group give in the far-left column and then the top row. A value of ‘0.000’ indicated 
that p<0.001. Results not significant if p>0.05.  Abbreviations: Low Metastatic 
Potential (LMP), Quantile 1 (Q1) – Quantile 4 (Q4).  
 
 
 
 
 
  

A 

B 

Normal Ovary Epithelium Normal Stroma Tumour Tumor Stroma
Mean 8.13 7.38 7.63 8.57

Median 7.965 7.31 7.532 8.554
Range (Q1-Q4) 7.479-8.890 6.878-7.614 6.849-8.322 7.961-8.825

Mann-Whitney Normal Ovary Epithelium Normal Stroma Tumour Tumor Stroma

Normal Ovary Epithelium 0.001 0.000 0.021
Normal Stroma 0.267 0.000

Tumour 0.000
Tumor Stroma

Clear Cell Endometriod Mucinous Mucinous-LMP Serous Serous-LMP
Mean 8.032 7.778 7.715 7.877 7.612 7.716

Median 7.929 7.619 7.537 8.05 7.503 7.727
Range (Q1-Q4) 7.247-8.613 6.998-8.339 6.965-8.615 7.118-8.380 6.820-8.298 6.892-8.341

Mann-Whitney Clear Cell Endometriod Mucinous Mucinous-LMP Serous Serous-LMP

Clear Cell 0.010 0.035 0.734 0.000 0.044
Endometriod 0.858 0.463 0.147 0.855

Mucinous 0.474 0.403 0.747
Mucinous-LMP 0.258 0.591

Serous 0.203
Serous-LMP

A 

B 
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Table 5-3: F13A1 mRNA Expression in Ovarian Cancer Stage and Grade in 
CSIOVDB 

 

 
(A) Fold change in F13A1 mRNA expression data from ovarian cancer stages 
and grades of disease compared to controls. Expression data were normalised 
using RMA. (B) P-values from Mann-Whitney U testing for difference between 
groups for stages of disease, tested between the group give in the far-left column 
and then the top row. (C)  P-values from Mann-Whitney U testing for difference 
between groups for grades of disease, tested between the group give in the far-
left column and then the top row. A value of ‘0.000’ indicated that p<0.001. 
Results not significant if p>0.05.  Abbreviations: Quantile 1 (Q1) – Quantile 4 
(Q4).  
 
 
 
 
 
 
 
 
 
 
 
 
 

Stage I II III IV
Mean 7.904 7.71 7.595 7.641

Median 7.839 5.59 7.521 7.484
Range (Q1-Q4) 7.185-8.483 6.763-8.516 6.877 8.285

Grade 1 2 3
Mean 8.09 7.705 7.582

Median 7.948 7.62 7.472
Range (Q1-Q4) 7.180-8.978 6.896-8.389 6.807-8.233

Mann-Whitney I II III IV
I
II 0.067
III 0.000 0.383
IV 0.006 0.755 0.431

Mann-Whitney 1 2 3
1
2 0.004
3 0.000 0.068

A 

B 

C 
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Table 5-4: F13A1 mRNA Expression in Ovarian Cancer Molecular Sub-type 

in CSIOVDB 
 

 
 
A) Fold change in F13A1 mRNA expression data from ovarian cancer molecular 
sub-types of disease compared to controls. Expression data were normalised 
using RMA. (B) P-values from Mann-Whitney U testing for difference between 
groups for stages of disease, tested between the group give in the far-left column 
and then the top row. A value of ‘0.000’ indicated that p<0.001. Results not 
significant if p>0.05.  Abbreviations: Quantile 1 (Q1) – Quantile 4 (Q4).  

Epithelial-A Epithelial-B Mesenchymal Stem-A Stem-B

Mean 7.596 7.195 8.436 7.221 7.651
Median 7.501 7.147 8.417 7.142 7.567

Range (Q1-Q4) 6.852-8.279 6.564-7.751 7.716-9.138 6.609-7.744 6.885-8.265

Mann-Whitney Epithelial-A Epithelial-B Mesenchymal Stem-A Stem-B

Epithelial-A
Epithelial-B 0.000
Mesenchymal 0.000 0.000
Stem-A 0.000 0.724 0.000
Stem-B 0.376 0.866 0.000 0.000

A 

B 
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P=0.706, log rank test

P=0.557, log rank test

Figure 5-A: Kaplan-Meier plots for F13A1 mRNA
expression and survival intervals from
CSIOVDB Analysis. Red = > median expression

(high) and blue = < median expression (low).

Results of a log rank test between F13A1

expression and survival intervals are given in the

top right-hand corner of each plot: overall survival

(top) and disease-free (also known as progression-

free) survival (bottom).
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FXIIIA is expressed in immune-like cells, so is it possible that the increase in 

tumour stroma expression is due to the presence of tumour-associated 

macrophages? Or is FXIIIA expressed in the stroma closest to the tumour, 

suggesting a possible role in communication between matrix and tumour? Could 

the expression of FXIIIA appear throughout the tumour stroma, and therefore 

potentially affecting structure and/or angiogenic signalling? In order to address 

some of these questions regarding expression of FXIIIA in OC, TMAs from OC 

tumour and stroma from patients in the translational cohort of the ICON7 clinical 

trial were acquired and stained for FXIIIA.  

5.3.2 Expression Result from KM plotter 
The results of F13A1 mRNA expression levels and survival interval analysis from 

KM plotter analysis are presented in Figure 5B. For progression-free survival 

(PFS), n=1435 patients were analysed (p=0.14, log rank test), and the cut-off for 

low vs high F13A1 expression was 310. Median PFS for low F13A1 expression 

was 19 months and for high expression, 20.47 months. For overall survival (OS) 

n=1656 patients were analysed (p=0.13, log rank test), cut-off was 565 and 

median survival for low and high expression was 45.97 month and 49.13 months, 

respectively. For survival post-progression (SPP) n=782 patients were analysed 

(p=0.021, log rank test), cut-off was 567 and low expression median survival was 

42.17 months and 38.7 months for high expression. The only significant 

association with a survival interval and expression was identified between 

survival post-progression and high F13A1 mRNA expression resulting in a better 

prognosis compared to low mRNA expression. KM plotter comprises a number 

of databases and the expression was not split based on tissue type, like in the 

CSIOVDB. Survival post progression was not a survival interval present in the 

CSIOVDB so it is not possible to compare this result within the two cohorts.  
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Figure 5-B: Kaplan-Meier Plots for
F13A1 mRNA Expression from
KMPlotter Database Analysis. Top:
F13A1 mRNA expression and progression-
free survival (n=1435) in KMPlotter
Ovarian Cancer Database. Cut off for
low/high expression chosen based on
automatic selection by KMPlotter = 310
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microarray normalisation, Győffry B et al.
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for low/high expression = 567. Results of
log rank tests are given in the top right
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considered significant if p<0.05. Black line
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represents high expression. Risk tables
demonstrating the number of patients at
risk at each interval of time on the x-axis is
given below the plot.
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Looking at the Kaplan-Meier plots for both databases, follow-up in KM plotter was 

for 100 more months than CSIOVDB. The KM plotter results used a calculated 

cut off based on best threshold detected by the program and was not the median 

expression. Even if median value was used, the mRNA expression values within 

the two databases have been normalised differently (MSA5 and mean-centering 

for KM plotter and RMA for CSIOVDB), so it would be challenging to make direct 

comparisons. The benefit of high F13A1 expression to survival post-progression 

suggested that FXIIIA may be important after disease progression and more 

studies would need to be undertaken to investigate this finding.  

5.4 FXIIIA Expression in Tissues 

5.4.1 Tissue Microarray Staining 

Tissue microarrays were stained for the levels and locality of expression of 

FXIIIA. In brief, slides were stained as per the Immunohistochemistry protocol 

provided in Chapter 2 (Section 2.5). Slides were then scanned at a 20X 

magnification by the pathology team in the department. Levels of staining, 

measured as percentage (%) positivity, were quantified using the QuPath 

software, see Appendix 2 for full script (.groovy). Representative staining in cores 

can be found in Figure 5-C.  

5.4.1.1 Percentage Positivity in Tissue Types 
After collation of staining data and the available clinical data, a distribution of the 

% positivity within the cores across the tissue types was assessed, (Table 5-5). 

The highest average % positivity was found in OC stroma tissues, and the lowest 

in OC tumour tissues, (Figure 5-D). Cores that contained both tumour and stroma 

had an average % positivity in between that of tumour and stroma. A Kruskal-

Wallis test identified a significant difference in the distribution of staining levels 

between the tissue types, (Figure 5-D). In the OC tumour cores, staining did not 

appear within tumour cells themselves, staining was instead present in cells 

within the tumour area, perhaps immune-like cells or staining was present in intra-

tumour stromal regions, (Figure 5-C). This pattern of staining was seen in ovarian 

cancer tissue used in work up of the FXIIIA antibody, with staining seen in stromal 

cells and not in tumour cells, (Figure 5-E).  
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Figure 5-D: Box and Whisker Plot of Percentage Positivity for FXIIIA in 
ICON7 Tissue Microarrays. The centre line of the box is plotted at the median, 
the edges of the box extend to the 25th and 75th percentiles for the bottom and 
top of the box, respectively. The whiskers represent the minimum and maximum 
values. As the y-axis is logarithmic and the lowest value for % positive staining 
was 0, the bottom whisker is not shown. The data were not normally distributed 
(measured with a D’Agostino-Pearson Normality Test) and a Kruskal-Wallis test 
with Dunn’s test for multiple comparisons was used to compare the distribution 
of values in three groups. A significant difference was seen between tumour and 
tumour/stroma staining (p<0.0001, ****) and between tumour and stroma staining 
(p<0.0001, ****). A significant difference was also seen between tumour/stroma 
and stroma staining (p<0.001, **). P-values were adjusted for multiple 
comparisons through the Dunn’s test.  
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No Primary

IgG Control

1:100 HPA001804

Figure 5-E: Staining of FXIIIA in an
ovarian cancer tissue demonstrating
staining locality, in non-tumour cells,
suggesting a more stromal staining
pattern. Tissue was from frozen ovarian
cancer sample, used as a control during
work up of the FXIIIA antibody. Top: no
primary antibody staining control, only
antibody diluent added to the tissue
section during the primary antibody
incubation. Middle: Tissue incubated
with rabbit IgG1 isotype control at the
same final concentration as the primary
HPA001804 antibody to demonstrate
that any staining present was due to
antigen specificity rather than
background caused by the backbone of
the antibody: Bottom: Tissue was
stained with HPA001804 at 1:100.
Black scale bar represents 100 µm.
Image brightness was manually
increased by 40% for Top and Middle
image and by 60% for Bottom, for clarity
in print.
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As the average staining level in general was so low in the cores, analysis was 

limited to % positivity. Semi-quantitative scoring methods such as Allred and H-

Score were available through the QuPath software, however these scoring 

methods were originally developed for quantitation of large quantities of staining 

with clear differences in intensity, such as that for hormone receptors (in the case 

of H-scoring (257)) or other highly expressed proteins (BMP6 in the case of Allred 

Scoring (258)). FXIIIA staining had not been explored before in OC before, and 

therefore presented quantitation challenges which required a simplified 

approach. Tumour cores from 11 patients were stained with the antibody for 

FXIIIA, HPA001804 (anti-F13A1) as part of the work-up for the Human Protein 

Atlas (HPA) antibody, to explore whether expression of the protein was 

detectable in the tumour cells. The results were negative for tumour-cell staining, 

but analysis of the cores by the HPA team found that where staining was present, 

it was in the cells surrounding the tumour cells, which appeared to be stromal in 

nature (259).  

 

Descriptive statistics were generated for FXIIIA expression in each group of cores 

and are summarised in Table 5-5. The number of cores where positive staining 

was over 10% was very small, concerns were raised over the suitability of 

standard scoring methods and how this staining could be statistically analysed 

when collated with the clinical data, as small numbers within categories set could 

lead to very limited analysis. Therefore, the first stage was to look at whether 

there was any association between positive and negative staining. Staining was 

considered negative if the percentage positivity was less than (<) 1%, and 

conversely considered positive if positivity was greater than (>) 1%. In OC tumour 

tissue cores, 76/245 (31%) were positive; in OC tumour/stroma cores, 89/212 

(42%) were positive; in OC stroma tissue cores, 90/126 (71%) were positive. 

 

Positive % positivity categories were generated by splitting the percentage data 

by quartiles, (Figure 5-F). This resulted in even numbers per category, or as close 

to even as possible. This was the best way to split the data into categories that 

could be analysed without introducing extreme researcher bias. Quartiles were 

then compared and combined to form dichotomised categories for ‘lower’ staining 

(Q1-Q2) and ‘higher’ staining (Q3-Q4).  
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Table 5-5: Descriptive Statistics for Percentage Positivity for FXIIIA 

Staining in ICON7 Tissue Microarrays 
 

 
Abbreviations: CI = Confidence Interval, T = Tumour Cores, TS = Tumour/Stroma 
Cores, S = Stroma Cores, n= number of cores, StdDev = Standard Deviation, % 
= percentage positivity, ‘<’ = less than, ‘>’ greater than. 
 
 
 

 
 
Figure 5-F: Pie Charts to demonstrate the distribution of staining categories 
for each OC tissue type in the ICON7 tissue microarray. Table demonstrates 
the number of cores in each category, with percentages rounded to the nearest 
whole integer.  
 

T TS S
n 245 212 126

Median (%) 0.40 0.81 1.58
Mean (%) 0.96 1.42 3.61
Std Dev 1.15 2.14 3.61

95% CI Lower 0.78 1.13 1.86
95% CI Upper 1.15 1.71 3.13

Negative Cores (<1%) 169 123 36
Positive Cores (>1%) 76 89 90

MicroarrayDescriptive
Statistics
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5.5 Associations between Prognostic Factors, F13A1 SNPs and 
Survival Intervals 

The dichotomised categories for % positivity staining were used to test for 

associations between prognostic factors, SNP genotypes and survival intervals 

and staining levels (negative, lower (Q1+Q2) or higher (Q3+Q4)), (Figure 5-F). 

The distribution of prognostic factors in the ICON7 Tissue Microarray cohort is 

given in Table 5-6. The survival intervals reflect those examined in Chapter 4: 

overall survival, progression-free survival, and survival post-progression. In short, 

overall survival (OS) is measured from entry to either death or censorship at the 

end of the follow-up period; progression-free survival (PFS) is measured from 

entry to a progression-event such as disease recurrence or worsening; and 

survival post-progression (SPP) is measured from the progression event to the 

end of follow-up. 

5.5.1 Prognostic Factors 

The prognostic factors which were used in Chi-square tests for association were 

grade, stage of disease, histology, and risk of disease progression. No significant 

associations were found between prognostic factors and staining levels, 

suggesting that staining levels are not directly linked to OC phenotype, (Table 5-

6).  

5.5.2 F13A1 SNPs 
Associations between FXIIIA staining levels and the F13A1 SNPs (placed into 

either ‘wildtype’ or ‘carrier of alternative allele’ categories) were also tested for by 

Chi-square tests. Significant associations were identified between V34L and 

Tumour/Stroma (TS) and Stroma (S) staining categories, p=0.006 and 0.025, 

respectively, (Table 5-7). For  positive OC Stroma staining, of the V34L carriers 

(V/L and L/L), 43% of cores had lower expression levels and 37% had higher 

expression; wildtype V34L (VV) patients, 31% had lower expression levels and 

35% had higher expression levels, (Table 5-8). There was a higher percentage 

of negative FXIIIA staining in OC stroma for WT (34%) than in carriers (20%). 

However, for both V34L genotype categories, the percentage of cores with higher 

expression levels of FXIIIA was roughly equal (WT: 35%. Carriers: 37%).  
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Table 5-6: Distribution of Prognostic Factors and F13A1 SNPs in the 
ICON7 Tissue Microarray Cohort. 

 
 
  

n %
Prognostic Factor

1 9 3
2 44 16
3 219 81

I 22 8
II 35 13
III 185 68
IV 31 11

Serous 185 68
Mucinous 3 1

Endometrioid 15 5
Clear Cell 36 13

Mixed 24 9
Other 10 4

No 180 66
Yes 93 34

F13A1  Polymorphisms

VV 170 62
VL/LL 103 38

PP 171 62
PL/LL 102 38

VV + EE 165 61
VV + EQ/QQ 77 28
VI/II + EQ/QQ 30 11

103G>T (Val34Leu)

1694C>T (Pro564Leu)

650+651 Haplotypes

n=273

Grade

FIGO

Histology

At High Risk of Progression
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Table 5-7: Results of Chi-Square tests for association between staining 

levels and prognostic factors. 

 
Chi-square tests for association were run between the prognostic factors and 
F13A1 SNPs. Categories are given in Table 5-6. P-values were considered 
significant if p<0.05. Levels of significance are denoted by: (*) p<0.05, (**) 
p<0.01, (ns) not significant.  
 
 
 
Table 5-8: Distribution of Val34Leu Genotypes and Staining Categories in 

the ICON7 Tissue Microarrays 

 
Raw value on the left and percentage of the respective genotype i.e. wildtype or 
carrier is given in parentheses Abbreviations: T = Tumour, TS = Tumour/Stroma, 
S = Stroma, WT = wildtype, V= Valine, L = Leucine, Q= Quartile.  
 
  

Chi2 Test for Association
Prognostic Factors
Grade 0.298 ns 0.319 ns 0.361 ns
Stage 0.194 ns 0.183 ns 0.402 ns
Histology 0.324 ns 0.123 ns 0.125 ns
High Risk 0.717 ns 0.399 ns 0.127 ns
F13A1  SNPs
V34L 0.574 ns 0.006 ** 0.025 *
P564L 0.209 ns 0.805 ns 0.156 ns
650+651 Haplotypes 0.777 ns 0.627 ns 0.242 ns

T TS S

Negative Low (Q1+Q2) High (Q3+Q4)
WT (V/V) 109 (82%) 22 (17%) 21 (16%) 152
Carrier (V/L or L/L) 60 (76%) 16 (20%) 17 (22%) 93

Total 245

WT (V/V) 88 (66%) 21 (16%) 24 (18%) 133
Carrier (V/L or L/L) 35 (44%) 24 (30%) 20 (25%) 79

Total 212

WT (V/V) 26 (34%) 24 (31%) 27 (35%) 77
Carrier (V/L or L/L) 10 (20%) 21 (43%) 18 (37%) 49

Total 126

Total% of Val34Leu Genotypes per Staining CategoryVal34Leu GenotypeStaining

T

TS

S
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The percentage of positive OC TS staining was higher for wildtype (WT) patients 

(66%) than Leu-carriers (44%). For Leu-carriers, 25% had higher expression 

levels whereas for wildtype patients only 18% had higher expression levels. For 

lower expression levels, 30% were found in Leu-carriers compared to only 16% 

in wildtype patients.  

5.5.3 Survival Intervals: Univariate Analysis 

5.5.3.1 General Survival Interval and Staining Level Analysis 
A general analysis of the effect of staining intervals on survival intervals was 

undertaken with Kaplan-Meier plots and log rank tests. No significant 

associations with the survival intervals were identified, (Figure 5-G). However, for 

PFS, low TS staining appeared to result in better prognosis compared to negative 

and high TS staining (p=0.030), (Figure 5-H). Although no significant associations 

between staining intervals were identified for FXIIIA staining and SPP, the most 

dramatic effect was seen in the Kaplan-Meier plot for Stroma staining levels and 

SPP, (Figure 5-I). Presence of positive FXIIIA staining regardless of level (i.e. low 

or high) appeared to result in a near one year decrease in SPP compared to 

negative FXIIIA staining. FXIIIA staining in the tumour or in the stroma cores 

appears to have a negative effect on SPP, although the relationships do not 

appear as clear in the other survival intervals.   

 

As significant associations between staining levels in TS and S cores and the 

F13A1 SNP V34L, were identified during univariate Chi-square tests, an 

assessment of differences in survival between V34L genotypes and each OC 

tissue type and for each of the 3 survival intervals under investigation (PFS, SPP 

and OS) was undertaken. Kaplan-Meier plots provided an important visual tool to 

assess the difference in survival and log rank tests were performed as a 

univariate survival analysis of each genotype category and staining levels. 

Median survival was also measured to compare differences. However, the 

numbers in each category would be very small and therefore results would need 

to be interpreted with extreme caution. 

 

No discernible differences or relationships were identified for PFS, and are 

therefore not presented here. None of the log rank test results were significant, 

and this was thought to be due to the overall small numbers within each category 
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p=0.173 (ns)

p=0.441 (ns)

p=0.806 (ns)

Figure 5-G: Kaplan-Meier Plots for
Overall Survival and Staining
Levels for the ICON7 Tissue
Microarrays. Risk tables are given
below each plot. demonstrating the
number of patients at risk of death at
the given time interval on the x-axis,
discounting those who were
censored during the interval. Result
from log rank tests are given in the
bottom left corner of each plot, with
results considered significant if
p<0.05. (ns) = not significant.
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p=0.804 (ns)

p=0.030 (*)

p=0.806 (ns)

Figure 5-H: Kaplan-Meier Plots for
Progression Free Survival and
Staining Levels for the ICON7
Tissue Microarrays. Risk tables are
given below each plot. demonstrating
the number of patients at risk of
death at the given time interval on
the x-axis, discounting those who
were censored during the interval.
Result from log rank tests are given
in the bottom left corner of each plot,
with results considered significant if
p<0.05. (ns) = not significant, (*) =
p<0.05.
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Figure 5-I: Kaplan-Meier Plots for
Survival Post-Progression and
Staining Levels for the ICON7
Tissue Microarrays. Risk tables are
given below each plot. demonstrating
the number of patients at risk of
death at the given time interval on
the x-axis, discounting those who
were censored during the interval.
Result from log rank tests are given
in the bottom left corner of each plot,
with results considered significant if
p<0.05. (ns) = not significant.

p=0.059 (ns)

p=0.462 (ns)

p=0.450 (ns)
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Log rank tests are significant when there is clear separation between the plots of 

the proportion of individuals surviving in a given category. As there were often 

small numbers in each category, a lot of cross-over between the plots occurred 

over the time period measured. Visually, however, and through measurement of 

median survival through interpolation of the KM plots at 50% survival, some 

interesting differences were identified. These are detailed below. 

5.5.3.2 Survival Post-Progression and Val34Leu Genotypes 
SPP is the time period measured between a progression event such as disease 

worsening or recurrence, see Chapter 2 Materials and Methods for full definition 

as per the ICON7 Clinical Trial Protocol. In Tumour cores (T), Leu-carriers 

(VL/LL) had a better prognosis after progression if FXIIIA staining was negative 

(3.6 years VL/LL vs 2.86 years for VV), (Figure 5-J-D, and Table 5-J-G). When 

FXIIIA staining was positive in T cores, Leu-carriers demonstrated similar median 

survival times when compared to wildtype individuals.  

 

In TS cores, Leu carriers again demonstrated improved SPP compared to 

wildtype individuals in the negative staining cores (3.7 years vs 2.41 years, 

respectively). In contrast higher expression levels, Leu-carriage resulted in a near 

50% lower median survival (1.82 years for Leu-carriers vs 3.89 years for wildtype 

individuals).  

 

In S cores, the story appears reversed from T and T/S cores. WT patients had an 

improved OS compared to Leu-carriers when FXIIIA staining was negative. For 

Leu-carriers and FXIIIA expression in OC Stroma, SPP was higher than for 

wildtype patients (the proportion surviving never reached 50% for Leu-carriers, 

but was 1.88 years for higher expression in WT patients, the shortest median 

survival in SPP analysis). It is important to note however, that the numbers for 

Leu-carriers and Stroma FXIIIA staining are low, especially for negative staining 

(n=9 at risk at the start of analysis), and therefore a greater sample size would 

be required for a more definitive comparison between V34L genotypes and FXIIIA 

expression in the stroma. In general, there were more positive cores in the stroma 

tissue microarrays, compared to the others and therefore a smaller number of 

negative cores will always be present in this subset.  
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5.5.3.3 Overall Survival and Val34Leu Genotypes 
OS is defined as the time measured from entry into the trial i.e. point of diagnosis, 

through to the end of follow-up where death or censorship are recorded. For T 

cores, negative expression for both genotype categories resulted in median 

survivals over 5 years (Figure 5-K, Plot A and D). Leu-carriers with positive FXIIIA 

in T cores had an average 4 year median survival (average of 3.93+4.03 years) 

compared to 3.8 years for wildtype carriers (average of 3.85+4.08 years).  

 

In TS cores with negative FXIIIA staining, WT patients had a median OS of 3.71 

years and for Leu-carriers this was greater than 5 years (Figure 5-K, Plots B and 

E, and Table G). For Leu-carriers with positive FXIIIA in TS cores, any degree of 

positive staining was detrimental to OS. In S cores, the relationships between 

genotype and FXIIIA expression are entirely reversed between V34L genotypes. 

Wildtype individuals have a better prognosis than Leu-carriers for negative 

expression of FXIIIIA, but in the presence of FXIIIA expression in the stroma, 

Leu-carriers benefit over wildtype (Figure 5-K, Plots C and F).  

5.5.3.4 Summary of Univariate Survival Analysis and Val34Leu Genotypes 
In OC Stroma, Leu-carriers benefit over WT patients, clearly in terms of OS and 

less clearly in SPP. Could carriage of the alternative Leu allele at V34L be having 

an effect within the OC stroma which either makes therapy more effective or 

metastatic disease less likely? The poorer OS for Leu-carriers in the TS cores, in 

which both tumour and stroma tissue are present could be indicative of an 

alternative role for FXIIIA when present close to tumour cells. When TS cores 

were examined, staining was predominantly in the stromal cells and not common 

within the tumour cells themselves, as was the case with T cores only where 

staining appeared to be isolated in what were potentially immune-like cells 

(although staining was not performed using specific markers to confirm this). 

Staining was also located in what appeared to be intra-tumour stroma in T cores.  

5.6 Multivariate Survival Analysis: FXIIIA Expression 

As with all survival analysis, univariate analysis only looks at a small snapshot of 

the data, and does not factor in the interplay that can occur in a disease as 

heterogeneous and complex as cancer. Therefore, multivariate modelling, which  
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takes into account numerous variables/covariates and measures their ability to 

predict survival, is required. Cox Proportional Hazards Regression Modelling was 

performed to generate hazard ratios as a measure of effect of a covariate on risk  

to survival, and to also measure whether covariates within the model are 

significant predictors of survival.  

 

Cox models for OS and SPP, were generated using the following covariates: age 

at diagnosis, as a continuous variable, grade, stage, histology and risk of 

progression as factor variables, F13A1 SNPs: 103G>T (Val34Leu), 1694C>T 

(Pro564Leu) and haplotypes of codons 650 and 651 as the respective SNPs 

within these two codons are in complete linkage disequilibrium with one another, 

and the staining levels for T, TS and S cores (set as categories of negative, lower 

and higher expression, as performed in the Kaplan-Meier analysis). The number 

of patients taken into this model was only 91, as only covariates for which there 

are no missing data points can be used in Cox modelling. Histology was tested 

as serous histology vs other histologies, as the numbers within each category for 

histologies other than serous were very small. The baseline in the model was set: 

grade 1 and 2, FIGO Stage I, Serous histology, those not at high risk of 

progression, wildtype at SNP sites and negative for each staining category, 

demonstrated by a hazard ratio (HR) of 1.00. 

5.6.1 Progression-Free Survival 
In a Cox Proportional Hazards Regression Model (CPHRM) for PFS, age at 

diagnosis, stage, and risk of progression were all significant predictors of 

experiencing a progression event, (Table 5-9). Those at high risk of progression 

were defined as those with either Stage IIIC/IV disease, >1 cm of tumour margin 

remaining after surgical resection, or where surgery was not possible. With 

regard to F13A1 SNPs, carriers of the alternative T-allele at 1694C>T 

(Pro564Leu), were 2.6 times more likely to have their disease progress 

(HR=2/59, p=0.006, 95% CIs: 1.27-4.16), (Table 5-9). Double carriage of the 

SNPs within codons 650 and 651 were significantly protective against 

progression (HR=0.26, p=0.019, 95% CIs: 0.09-0.80). However, the small 

number of patients within the double carriage group (n=10) may not result in an 

accurate reflection of these SNPs’ contribution to PFS, as this double carriage 

analysis for PFS in multivariate modelling in the full translational cohort 

(n=56/448), although presented a lower hazard ratio, it was not significant.  
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Table 5-9: Results of a Cox Proportional Hazards Regression Model for 

Progression-Free Survival 

 
A Cox Proportional Hazards Regression Model was run with the covariates listed 
in the first column, to test how the covariates influenced risk of experiencing a 
progression event and whether the covariate was a significant predictor of good 
or poor progression-free survival (PFS). The total number of patients used in the 
model was 91, as no data points can be missing from covariates placed into the 
model. These 91 patients were the patients who had a core taken for each of the 
tissue types for the tissue microarrays (tumour, tumour/stroma and stroma). The 
number of patients in each category is given in column 3 (n). A hazard ratio >1 
indicates an increased risk of experiencing a progression event, compared to 
baseline (HR=1.00). A hazard ratio < indicates a decreased risk of experiencing 
a progression event, compared to baseline. Abbreviations: Hazard Ratio (HR), 
Standard Error (Std. Error), Level of Significance (Sig.), 95% Confidence 
Intervals (95% CIs), International Federation of Gynaecology and Obstetrics 
(FIGO), Valine (V), Leucine (L), Proline (P), Isoleucine(I), Glutamic Acid (E) to 
Glutamine (Q), Quartiles 1-4 (Q1-Q4). 
 
 
 
 
  

PFS Lower Upper

Age at Diagnosis 57 (24-76) 91 1.06 0.02 0.001 ** 1.02 1.09
Grade 1+2 16 1.00

3 75 1.01 0.47 0.989 ns 0.40 2.51
FIGO  Stage I+II 19 1.00

III+IV 72 10.29 6.27 <0.001 *** 3.11 34.00
Histology Serous 64 1.00

Other Histologies 27 1.84 0.63 0.074 ns 0.94 3.59
At High Risk of Progression No 55 1.00

Yes 36 2.59 0.82 0.002 ** 1.40 4.81
Val34Leu VV 55 1.00

VL/LL 36 0.60 0.20 0.131 ns 0.31 1.16
Pro564Leu PP 61 1.00

PL/LL 30 2.30 0.70 0.006 ** 1.27 4.16
650+651 Haplotypes VV + EE 64 1.00

VV+ EQ/QQ 17 0.70 0.26 0.327 ns 0.34 1.44
VI/II + EQ/QQ 10 0.26 0.15 0.019 * 0.09 0.80

Tumour FXIIIA Staining Negative 62 1.00
Lower (Q1+Q2) 14 3.70 1.90 0.011 * 1.35 10.12
Higher (Q3+Q4) 15 1.57 0.79 0.371 ns 0.58 4.23

Tumour/Stroma FXIIIA Staining Negative 48 1.00
Lower (Q1+Q2) 20 0.35 0.16 0.020 * 0.14 0.85
Higher (Q3+Q4) 23 0.56 0.25 0.198 ns 0.23 1.35

Stroma FXIIIA Staining Negative 30 1.00
Lower (Q1+Q2) 35 1.73 0.68 0.161 ns 0.80 3.74
Higher (Q3+Q4) 26 2.88 1.18 0.010 * 1.29 6.42

HRnCovariate/Predictor

Progression-Free Survival (n=91)

95% CIs
Sigp-valueStd. Error
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In terms of FXIIIA Staining, when compared to the baseline of negative staining, 

lower staining in the OC Tumour, and positive staining in the OC Stroma 

(regardless of level) resulted in a significantly higher risk of disease progression, 

(Table 5-9). Hazard ratios increased as levels of FXIIIA staining in the stroma 

increased (HR=1.00, negative, HR=1.78, lower levels, and HR=2.88, higher 

levels). Conversely, positive staining in the tumour/stroma cores was significantly 

protective from progression but only significantly protective at the lower levels of 

FXIIIA staining.  

5.6.2 Survival Post-Progression 
In survival post-progression multivariate analysis, only 57 patients were used in 

the Cox Model as of the 91 patients who had stained data for each tissue type, 

only 57 progressed. Age at diagnosis and stage of disease were significant 

predictors of death following a progression event. Histology and grade were not 

significant predictors, (Table 5-10). None of the F13A1 polymorphisms were 

significant predictors of SPP.   

 

Echoing the findings for PFS, lower levels of staining within the tumour cores 

resulted in a very high and significant risk of death post-progression (HR=15.36, 

p=<0.001, 4.41-53.54). High levels of OC TS core staining for FXIIIA appeared 

protective (HR=0.31, p=0.039, 95% CIs: 0.10-0.94). Positive stroma FXIIIA 

staining resulted in poorer prognosis for SPP, with risk increasing with increasing 

levels of FXIIIA staining.  

 

5.6.3 Overall Survival 
Age at diagnosis, stage of disease and histology were all significant predictors of 

poorer prognosis in terms of overall survival (OS), (Table 5-11). None of the 

F13A1 SNPs were significant predictors of prognosis in this smaller group of 

ICON7 translational patients, however, as seen in the full translational cohort 

analysis (n=448, Chapter 4), Leu-carriers at Val34Leu were more likely to survive 

compared to wildtype patients (HR=0.88, Table 5-11). The benefit of double 

carriage at codons 650 and 651, like in PFS and SPP, appeared beneficial to OS, 

but not to a significant extent. Matching the PFS and SPP survival intervals, the 

directionality of the hazard ratios and the significance of FXIIIA staining levels as 

predictors of prognosis were the same for OS for T and S cores.  
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Table 5-10: Results of a Cox Proportional Hazards Regression Model for 
Survival Post-Progression 

 
A Cox Proportional Hazards Regression Model was run with the covariates listed 
in the first column, to test how the covariates influenced risk of death following a 
progression event and whether the covariate was a significant predictor of good 
or poor survival post-progression (SPP). The total number of patients used in the 
model was 57, as no data points can be missing from covariates placed into the 
model and only those who progressed were included as the survival interval is 
measuring survival after experience of a progression event. These 57 patients 
were the patients who had a core taken for each of the tissue types for the tissue 
microarrays (tumour, tumour/stroma and stroma), and one patient was 
discounted as they had an SPP of 0 years. The number of patients in each 
category is given in column 3 (n). A hazard ratio >1 indicates an increased risk of 
experiencing death following a progression event, compared to baseline 
(HR=1.00). A hazard ratio < indicates a decreased risk of experiencing death 
following a progression event, compared to baseline. Abbreviations: Hazard 
Ratio (HR), Standard Error (Std. Error), Level of Significance (Sig.), 95% 
Confidence Intervals (95% CIs), International Federation of Gynaecology and 
Obstetrics (FIGO), Valine (V), Leucine (L), Proline (P), Isoleucine (I), Glutamic 
Acid (E) to Glutamine (Q), Quartiles 1-4 (Q1-Q4). 
  

SPP Lower Upper

Age at Diagnosis 57 (24-76) 57 1.08 0.03 0.002 ** 1.03 1.14
Grade 1+2 7 1.00

3 50 0.36 0.22 0.101 ns 0.11 1.22
FIGO Stage I+II 4 1.00

III+IV 53 4.49 3.96 0.088 ns 0.80 25.24
Histology Serous 35 1.00

Other Histologies 22 1.24 0.50 0.599 ns 0.56 2.75
At High Risk of Progression No 29 1.00

Yes 28 0.75 0.31 0.485 ns 0.34 1.67
Val34Leu VV 36 1.00

VL/LL 21 0.88 0.36 0.757 ns 0.40 1.96
Pro564Leu PP 35 1.00

PL/LL 22 0.84 0.34 0.663 ns 0.38 1.86
650+651 Haplotypes VV + EE 38 1.00

VV+ EQ/QQ 14 0.59 0.27 0.257 ns 0.24 1.47
VI/II + EQ/QQ 5 0.28 0.23 0.124 ns 0.06 1.42

Tumour FXIIIA Staining Negative 38 1.00
Lower (Q1+Q2) 9 15.36 9.78 <0.001 *** 4.41 53.54
Higher (Q3+Q4) 10 1.06 0.80 0.940 ns 0.24 4.69

Tumour/Stroma FXIIIA Staining Negative 32 1.00
Lower (Q1+Q2) 8 1.05 0.71 0.944 ns 0.28 3.95
Higher (Q3+Q4) 17 0.31 0.18 0.039 * 0.10 0.94

Stroma FXIIIA Staining Negative 17 1.00
Lower (Q1+Q2) 24 3.44 1.72 0.013 * 1.29 9.16
Higher (Q3+Q4) 16 7.13 4.01 <0.001 *** 2.36 21.50

Survival Post-Progression (n=57)

Covariate/Predictor n HR Std. Error p-value Sig
95% CIs
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Table 5-11: Results of a Cox Proportional Hazards Regression Model for 
Overall Survival 

 
A Cox Proportional Hazards Regression Model was run with the covariates listed 
in the first column, to test how the covariates influenced risk of death and whether 
the covariate was a significant predictor of good or poor overall survival (OS). 
The total number of patients used in the model was 90, as no data points can be 
missing from covariates placed into the model. These 91 patients were the 
patients who had a core taken for each of the tissue types for the tissue 
microarrays (tumour, tumour/stroma and stroma. The number of patients in each 
category is given in column 3 (n). A hazard ratio >1 indicates an increased risk of 
death, compared to baseline (HR=1.00). A hazard ratio < indicates a decreased 
risk of death, compared to baseline. Abbreviations: Hazard Ratio (HR), Standard 
Error (Std. Error), Level of Significance (Sig.), 95% Confidence Intervals (95% 
CIs), International Federation of Gynaecology and Obstetrics (FIGO), Valine (V), 
Leucine (L), Proline (P), Isoleucine (I), Glutamic Acid (E) to Glutamine (Q), 
Quartiles 1-4 (Q1-Q4). 
 
  

OS n HR Std. Error p-value Sig
Age at Diagnosis 57 (24-76) 91 1.09 0.02 <0.001 *** 1.04 1.13
Grade 1+2 16 1.00

3 75 0.48 0.27 0.189 ns 0.16 1.44
FIGO Stage I+II 19 1.00

III+IV 72 28.51 25.79 <0.001 *** 4.84 167.89
Histology Serous 64 1.00

Other Histologies 27 2.49 0.99 0.021 *** 1.15 5.42
At High Risk of Progression No 55 1.00

Yes 36 1.51 0.57 0.267 ns 0.73 3.15
Val34Leu VV 55 1.00

VL/LL 36 0.59 0.23 0.169 ns 0.28 1.25
Pro564Leu PP 61 1.00

PL/LL 30 1.32 0.48 0.455 ns 0.64 2.70
650+651 Haplotypes VV + EE 64 1.00

VV+ EQ/QQ 17 0.73 0.32 0.475 ns 0.31 1.73
VI/II + EQ/QQ 10 0.34 0.21 0.087 ns 0.10 1.17

Tumour FXIIIA Staining Negative 62 1.00
Lower (Q1+Q2) 14 14.12 8.73 <0.001 *** 4.20 47.46
Higher (Q3+Q4) 15 1.60 1.09 0.486 ns 0.42 6.05

Tumour/Stroma FXIIIA Staining Negative 48 1.00
Lower (Q1+Q2) 20 0.41 0.22 0.102 ns 0.14 1.19
Higher (Q3+Q4) 23 0.27 0.14 0.015 * 0.09 0.77

Stroma FXIIIA Staining Negative 30 1.00
Lower (Q1+Q2) 35 2.33 1.09 0.070 ns 0.93 5.81
Higher (Q3+Q4) 26 4.73 2.38 0.002 ** 1.76 12.68

95% CIsCovariate/Predictor
Overall Survival (n=91)
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Low levels of FXIIIA staining in T cores are detrimental to OS, as is positive 

staining within the S cores (all HRs >1). Higher levels of staining within the TS 

are significantly protective (HR=0.27, p=0.015, 95% CIs: 0.09-0.77).  

 
 

5.6.4 Summary of Multivariate Survival Analyses 
For all three survival intervals investigated, PFS, SPP and OS, low levels of 

FXIIIA staining within the OC Tumour cores led to a poorer prognosis for patients. 

Positive staining in the Stroma was also detrimental to survival.  CPHRMs were 

also run with Leu-carriers as the baseline covariate, given the results identified in 

univariate survival analysis, and the direction and significant of the hazard ratios 

did not change (data not shown). It appeared therefore, that regardless of 

Val34Leu genotype, when all other covariates which are associated with OC were 

taken into account, stroma staining was still an indicator of poor prognosis, and 

the reasons why this may be remained to be explored. 

5.7 Co-localisation of FXIIIA with other Key Proteins 

A small cohort of frozen ovarian cancer samples was provided by the Leeds 

Tissue Bank (n=10) in order to assess the levels of co-localisation between FXIIIA 

and other key proteins which may be associated with the cross-linking via the 

transglutaminase activity of FXIIIA. These proteins included: transglutaminase-2 

(TGM2), another transglutaminase which is also able to crosslink matrices, 

fibrinogen which is one of the substrates which is crosslinked by FXIIIA and 

increased levels of fibrinogen have been found in ovarian cancer (260).  FXIIIA 

crosslinks monomers through the formation of isopeptide bonds, so these were 

also stained for in the tumour tissues.  

 

The main aim for this portion of the study was to see whether the role of FXIIIA 

could be further elucidated through its relationships with other proteins in situ in 

OC tissues. It was hypothesised that if FXIIIA is co-localised with one of its main 

substrates (fibrinogen) and the product of its transglutaminase activity (isopeptide 

bonds), then this may be indicative of a role for FXIIIA in the extracellular matrix 

as the major cross-linker which may be influencing cancer behaviour or 

maintenance. However, if FXIIIA was not found to be co-localised with these 

proteins, this would suggest that FXIIIA may be exerting an alternative role in OC. 
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By testing for the presence of an alternative transglutaminase in OC, then the 

crosslinking of tumour matrices in ovarian cancer may instead be attributed to 

TGM2 instead. Antibodies against the proteins of interest were worked up in 

control tissues (Figure 5-L) and run with appropriate controls in every staining 

run.  

 

5.7.1 Summary of Immunofluorescence Findings 
Working with frozen tissues of varying age and quality proved to be challenging, 

and as a result, immunofluorescence results were limited. FXIIIA and TGM2 were 

not highly expressed in the OC tissues, but evidence of multiple layers of cells 

from sectioning and high background proved problematic. From the small number 

of sections which were in good condition and analysed, there was no evidence 

of co-localisation between FXIIIA and its substrate fibrinogen or its product, 

isopeptide bonds, (Figure 5-M). TGM2 was expressed in OC at low levels, but 

not in the same location as FXIIIA and did not appear to co-localise with 

fibrinogen. However, many questions are raised regarding whether co-

localisation would be expected as it is not known exactly how long either 

transglutaminase remains at the site of its cross-linking. Some FXIIIA in plasma 

circulates bound to fibrinogen, but the study in these tissues meant that this co-

localisation was not seen.  

 

The staining of the isopeptide antibody also raised concerns regarding its 

specificity. The antibody was demonstrated to specifically bind to isopeptide 

bonds generated in vitro and this was supported in the literature. However, further 

exploration of the literature identified that both of the available antibodies for 

isopeptide bonds were found to bind to acetylated lysine in vitro. Acetylated lysine 

is found within the nuclei, and the strong co-localisation between the nuclear 

DAPI stain and the ‘isopeptide’ staining led to strong concerns over the suitability 

of this antibody. Tests for specificity to acetylated lysine was not undertaken for 

this antibody in the interests of time and the scope of the project, but this work 

would have been valuable. Due to the concerns raised, this antibody was not 

used as evidence of isopeptide bonds, and was limited to its ability to co-localise 

with DAPI and provide good contrast for any positive green immunofluorescences 

for FXIIIA, TGM2 or fibrinogen.  
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5.8 Summary of Results 

• In CSIOVDB: highest F13A1 mRNA expression was found in OC stroma 

and was significantly higher than expression in normal stroma (p<0.001) 

and OC tumour tissue (p<0.001). 

• F13A1 mRNA expression was highest in the Mesenchymal OC subtype 

(p<0.0001) and an increase was also seen in epithelial mesenchymal 

transitioning (EMT). Stroma is more mesenchymal in nature and these 

results support the high mRNA expression seen in OC stroma.  

• In OC tissue microarrays, the highest average % positivity for staining 

was seen in OC stroma tissue. There was a significant difference in 

distribution of staining levels in OC stroma (S), with significantly higher 

levels compared to tissue containing tumour only (T) or tumour and 

stroma (TS) (p<0.0001 and p<0.01, respectively, Kruskal-Wallis Test). 

• The F13A1 SNP 103G>T was significantly associated with TS and S 

staining categories. Carriers of the alternative allele for Leu had a greater 

percentage of positive staining for both tissue types.  

• In univariate analysis, in Stroma cores, for Leu-carriers, positive FXIIIA 

staining resulted in a benefit to SPP and OS. For wildtype patients, 

positive FXIIIA staining was detrimental to SPP and OS. 

• In multivariate analysis where all other covariates were taken into 

account positive stroma staining was always detrimental to survival, 

whereas tumour/stroma positive staining appeared protective. Leu 

carriage at Val34Leu (103G>T) was not a significant predictor of survival 

in the models. 

• A small study of co-localisation between FXIIIA protein, and other 

important proteins such as fibrinogen (a crosslinking substrate), TGM2 

(another transglutaminase) and isopeptide bonds (product) did not find 

evidence of co-localisation of FXIIIA with these other protein, although 

tissue quality and isopeptide antibody specificity limited this work. 
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5.9 Brief Discussion 

A major gap was waiting to be explored with regard to analysis of FXIIIA 

expression in ovarian cancer tissues, and this chapter presents work which aimed 

to fill this gap. Previous work identified differences in plasma levels of FXIIIA 

between healthy, benign and metastatic disease (221), however the small size of 

the cohort and age of the work in light of today’s current methods meant that this 

foundation could be built upon.  An assessment of F13A1 gene expression in the 

CSIOVDB database identified that F13A1 mRNA was most highly expressed in 

ovarian cancer stroma, and that mRNA expression was decreased in tumour 

tissue when compared to normal epithelium. Expression of F13A1 mRNA in the 

stroma may be a result from FXIII producing cells within the stroma such as 

monocytes/macrophages or fibroblasts. A significant decrease in F13A1 

expression was also identified in more metastatic disease (higher stage and 

grade) compared to early stage, low grade disease. The decrease in gene 

expression when compared to normal epithelium was also of interest as this 

mimics the findings of van Wersch and colleagues, in which plasma levels of 

FXIIIA which were lower in metastatic compared to non-metastatic disease (221).  

 

The highest average percentage positivity of FXIIIA staining was found in stroma 

cores (S), with the lowest levels in tumour cores (T) and the average percentage 

positivity for tumour/stroma (TS) cores sitting in between these averages. This 

result further supports the findings within the mRNA database that the highest 

mRNA levels are in OC stroma and the lowest in tumour tissue. In general, 

negative staining resulted in a higher median survival. One of the main 

differences was found in terms of OS and SPP and stroma staining, with carriers 

of the alternative Leu allele for polymorphism Val34Leu benefitting over wildtype 

patients, but this was the opposite in tumour/stroma cores, suggesting an 

alternative role for FXIIIA in OC depending on its precise staining locality, and 

this requires further exploration. 

 

In multivariate modelling, low levels of FXIIIA within the tumour and any degree 

of stroma FXIIIA staining resulted in poorer prognosis. However, tumour/stroma 

staining appeared protective in terms of prognosis. This finding is confusing and 

raises more questions than answers in this instance. The staining for FXIIIA did 

not appear to be in the cancer cells themselves, but rather in stromal cells, and 
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in intra-tumour stromal regions. The role FXIIIA may be having in the stroma 

remains unclear, and has not been directly answered in this piece of work. FXIIIA 

may be acting as a crosslinker of the extracellular matrix, and altering the 

composition and stiffness of the tumour microenvironment, or perhaps exerting 

its role in the immune response through expression in macrophage cells present 

within the tumour microenvironment. As staining for crosslinking and immune cell 

staining was not performed, this could be an excellent piece of future work. Due 

to the differential outcomes depending on FXIIIA staining locality particularly in 

tumour/stroma cores and stroma only cores, the way in which FXIIIA interacts 

with the stroma would be the next step in understanding the role of FXIIIA in OC.  
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Chapter 6: The Differential Effect of FXIIIA Val34Leu variants on 
Angiogenesis 

6.1 Introduction 

The previous chapter demonstrated that FXIIIA expression in OC tissues is found 

within the stroma within tumours and surrounding tumours. The source of FXIIIA 

within these tissues was unlikely to be from blood plasma, as tissue is perfused 

prior to fixation, so staining seen was mostly likely from cells which express FXIIIA 

such as fibroblasts and cells of monocytic origin (129,261,262) . Staining within 

the stroma proved detrimental to survival whilst staining within the tumour/stroma 

regions was found to be beneficial to survival. Although the role of single 

nucleotide polymorphisms in the gene for FXIIIA, F13A1, has been the main 

focus of the thesis so far, when SNPs were taken into account with respect to all 

staining and other prognostic factors in multivariate modelling, SNPs did not 

significantly influence survival. The SNP, 103G>T (Val34Leu) was associated 

with tumour/stroma and stroma staining in univariate analysis, and exploration of 

univariate survival analysis did demonstrate that in terms of both overall survival 

and survival post-progression, carriers of the alternative Leu-allele, had a better 

prognosis compared to their wildtype counterparts. However, multivariate 

analysis, taking into account OC prognostic factors and F13A1 SNPs indicated 

that FXIIIA staining in OC stroma was detrimental to survival. Yet, the clear 

differences in SPP and OS for Leu-variants at V34L sparked questions about the 

role of FXIIIA in the OC stroma.  

 

The staining results and effects on survival were confusing and presented more 

questions, and it was clear that FXIIIA may have a differential effect on OC 

survival depending on where it was located. The association of staining locality 

with Val34Leu in univariate analysis , also raised some interesting questions due 

to this mutation being associated with higher transglutaminase activity and tighter 

fibrin matrices. The transglutaminase activity of FXIIIA results in isopeptide bond 

crosslinking of matrix-associated proteins, so it may mean that FXIIIA has a role 

in tumour matrix formation which ultimately leads to either metastatic progression 

or presents a challenge to therapeutics, due to the poor prognosis identified at 

high staining levels in multivariate analysis. A benefit to survival within cores in 

which both OC tumour tissue and OC stroma tissue are present is suggestive of 
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a role of FXIIIA in tumour crosstalk with its environment that either makes therapy 

more effective or limits tumour growth. In univariate analysis, Leu-carriers 

survived for longer when stroma staining was present, so how is this variant 

influencing the tumour microenvironment to either a) make therapy more effective 

or b) limit tumour growth and metastasis? One way in which FXIIIA could be 

interacting with tumours and the microenvironment is through its role in 

angiogenesis. 

 

Angiogenesis is the recruitment of existing blood vessels to a new site, and with 

regard to cancer, tumours express pro-angiogenic and pro-growth factors to 

assist in its growth (263), (Figure 6-A). Without a blood supply, a tumour is unable 

to undergo expansion as it lacks receipt of oxygen and nutrients. However, once 

a blood supply is in place, tumours are able to rapidly grow and due to the chaotic 

nature of the recruited blood supply, the centre of tumours become hypoxic due 

to a lack of oxygen. The transglutaminase activity is vital for angiogenic signalling 

as FXIIIA crosslinks the b3 integrin of the alpha5-beta3 integin (αvβ3) to vascular 

endothelial like growth factor-2 (VEGFR2) (184,187). This crosslinking action 

promotes angiogenic signalling through upregulation of proteins such as Wilm’s 

Tumour-1 (WT-1) and downregulation of thrombopsonidn-1 (TSP-1), a “brake” on 

proangiogenic signalling which is removed, allowing for subsequent signalling. 

FXIIIA has already been established as important for angiogenic signalling in both 

in vitro and in vivo environments, although it is not necessary for signalling directly 

as VEGFA is able to stimulate angiogenesis more rapidly on its own. The 

presence of FXIIIA as a crosslinker of the b3 integrin to the VEGFR2 receptor 

was demonstrated to result in sustained angiogenic signalling meaning FXIIIA 

could be important in the maintenance of pro-angiogenic signalling rather than as 

a fundamental requirement for angiogenesis (187) (Figure 6-B). The Val34Leu 

SNP has already been associated with higher transglutaminase activity which 

forms more densely crosslinked networks, and this SNPs is associated with 

thrombotic disease. Could this SNP also contribute to changes in the role of 

FXIIIA in angiogenesis, and could this effect ultimately be the cause of the 

differential response of patients when FXIIIA is present in ovarian cancer stroma?  

 

There are two possible hypotheses which will be addressed in this chapter: 1) 

Leu-carriers have a benefit to their OS and SPP because these variants have a  
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Figure 6-A: Schematic representation of tumour recruitment of a blood supply and 
a simplified view of key members of the angiogenic signalling cascade. Tumours 
produce pro-angiogenic factors such as vascular endothelial like growth factor A 
(VEGFA) in order to recruit a blood supply to the growing tumour mass. A blood supply 
is vital of the delivery of oxygen and nutrients to support the expanding tumour. VEGFA 
binds to the tyrosine kinase receptor vascular endothelial like growth factor receptor 2 
(VEGFR2), resulting in autophosphorylation of the receptor and promotion of angiogenic 
signalling which comprises vascular permeability, survival, proliferation and migration. 
Other tyrosine kinase receptor signalling feeds into the same pathway as VEGFR2. 
Adapted from Cell Signalling Technologies Angiogenesis Poster 
(https://www.cellsignal.co.uk/contents/science-cst-pathways-developmental-
biology/angiogenesis/pathways-angiogenesis). Abbreviations: Protein Kinase B (Akt), 
phosphoinositide 3-kinase (PI3K), proto-oncogene tyrosine-protein kinase Src (Src), 
nitric oxide synthase (NOS), focal adhesion protein (FAK), mitogen-activated protein 
kinase (MAPK), transforming growth factor-beta superfamily member (SMAD), 
phosphoinositide phospholipase C-gamma (PLC-Y), extracellular signal-regulated 
kinases (ERK), angiopoietin-1 receptor (Tie2), platelet-derived growth factor receptor 
(PDGFR), epidermal growth factor receptor (EGFR), insulin-like growth factor receptor 
(IGFR).   
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Figure 6-B: The role of Factor XIIIA in angiogenic signalling. The active 
transglutaminase, Factor XIIIA (FXIIIA) crosslinks the beta-3 portion of the alpha-
5-beta-3 integrin (αvβ3), which is necessary for cell proliferation and migration, 
to the vascular endothelial like growth factor receptor-2 (VEGFR2) which is a 
tyrosine kinase. Binding of vascular like growth factor-A (VEGFA) to VEGFR2 
promotes pro-survival, proliferative and pro-angiogenic signalling. FXIIIA 
crosslinking is not mandatory for VEGFA binding or for angiogenic signalling to 
occur, but the presence of FXIIIA appears to maintain the angiogenic signalling 
for longer than when just VEGFA is present. Crosslinking by FXIIIA appears to 
upregulate protein expression of early growth response protein-1 (Egr-1) and the 
proto-oncogene cellular homolog of the viral oncoprotein v-jun (C-Jun). C-Jun is 
able to signal for angiogenesis through expression of Wilm’s tumour protein-1 
(WT-1) which results in downregulation of thrombospondin-1 (TSP-1), an inhibitor 
of angiogenesis. Abbreviations: protein kinase B (Akt) and extra-cellular 
regulated kinases (ERK). Adapted from Dardik et al. 2005 and 2006 (186,187). 
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negative impact on angiogenesis, meaning the tumour cannot recruit an effective 

blood supply to sustain tumour development, or 2) Leu variants benefit in terms 

of survival because the variants improve/increase the angiogenic signalling  

 

 

 

 

resulting in a potentially better delivery of chemotherapeutic agents to the tumour 

site. Therefore, experiments were set up to test how FXIIIA variants influence 

angiogenesis, with endothelial tube formation being used as a measure of 

angiogenesis. Depending on which hypothesis is supported, further hypotheses 

can then be drawn on the mechanism of action i.e. are FXIIIA V34L variants 

affecting signalling, and if so, how? Can any differences in signalling be 

potentially linked to what is demonstrated in the clinical data?  

6.2 Developing a Thin Layer Angiogenesis Protocol for HUVEC 
endothelial tube formation 

In order to make the experiments as economical as possible, a protocol was 

optimised to maximise the use of basement matrix and solutions, whilst ensuring 

endothelial tube formation could still occur and be measured. A thin layer 

angiogenesis protocol was developed by Faulkner and colleagues that used as 

little as 2 µl of basement matrix in wells of a 96 well plate (231). The spreading 

of such a small volume of basement matrix, and the challenge of maintaining ice-

cold conditions within a sterile laminar flow hood meant that the volume was 

increased to 5 µl per well, with the aim of application to the very centre of the 

well. Very minimal spreading was used, but when necessary, the matrix was 

spread using a sterile insert of an Eppendorf Combi-Tip, as described by Faulkner  

et al., in their thin layer angiogenesis protocol. Sterile inserts from smaller Combi-

tips could not be used as this resulted in scratching of the bottom of the wells 

which interfered with imaging and network development. As the experiments 

which used basement matrix only took place over a maximum of 24 hours, there 

were no concerns over evaporation, and the condition of the matrix was 

examined during the experiments. The total volume of reagents within each well 

was kept to 200 µl.  
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Endothelial tube formation assays are sensitive and the number of cells plated 

must be sufficiently low for tube formation, rather than for a monolayer growth, 

but too low a cell number results in stressed cells and poorly formed, if any, 

networks. Cell number was checked as part of the thin-layer angiogenesis 

protocol and 6000 cells per well was chosen as the ideal plating density, (Figure 

6-C). Cell numbers >8000 cells per well demonstrated more varied network 

formation, with 16000 cells per well, resulting in monolayer growth. Cell densities 

<4000 cells resulted in small networks. Cells were also checked for their 

response to an angiogenic stimulus, VEGFA (25 ng/mL), (Figure 6-D). At 8000 

cells/well, VEGFA stimulation appeared to result in a smaller average network 

length compared to normal medium. This may have been a result of potential 

overcrowding of cells. A cell seeding density of 6000 cells was identified as the 

happy medium required for measurable networks and successful network 

development.  

 

Once seeding density was established, the ideal concentration of VEGFA 

stimulation was determined. Within the literature, there is considerable variation 

in the concentrations of VEGFA used to stimulate HUVEC with the most common 

concentrations being 10 or 25 ng/mL. The HUVEC were stimulated with a range 

of VEGFA concentrations and both of these were found to be suitable for the 

HUVEC (Figure 6-D-A) and resulted in similar sustained cell viability over time 

(Figure 6-D-B). The concentration of 25 ng/mL was used as this is commonly 

used in endothelial tube formation assays performed by others (264,265). 

Bevacizumab, an antibody against all VEGFA isoforms was tested at a 2.6:1 

molar ratio for 25 ng/mL and 50 ng/mL of VEGFA, but appeared to decrease cell 

viability to too great an extent for further use (Figure 6-D-A). Further optimisation 

would have been required if bevacizumab was to be used in future experiments.  

6.3 Val34Leu variants have a differential effect on endothelial 
tube formation 

Given the results from the immunohistochemical staining within ovarian tissues 

and the available literature regarding FXIIIA as a pro-angiogenic signaller, it was 

hypothesised that FXIIIA variants for the Val34Leu SNP, had a differential effect 

on angiogenesis. There are two hypotheses: 1) Leu-carriers have benefit to their 

OS and SPP because these variants have a negative impact on angiogenesis,  
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Figure 6-C: Determination of cell seeding density for HUVECs in endothelial 
tube formation assays on a thin layer of basement matrix. ( A) A range of cell 
seeding densities from 2000-16000 cells per well were seeding onto a thin layer 
(5 µl) of basement matrix and network formation was measured over 23 hours to 
determine the ideal concentration of cells which resulted in successful, 
measurable tube formation and not as a monolayer. (B) The same number of 
cells densities as in (A) also were tested in the presence of VEGFA at 25 ng/mL 
as cells should form larger networks in the presence of this stimulation, and 
average network length over 23 hours was measured. Although the networks did 
not appear larger on average with VEGFA for the densities measured, the density 
of 8000 cells resulted in smaller networks with VEGFA stimulation, therefore a 
lower cell density was required. The density of 16000 cells resulted in more 
monolayer growth, as shown by the variation in (A) and therefore this density was 
considered far too high. From these experiments, a seeding density of 6000 
cells/well was chosen. 
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Figure 6-D: Determination of vascular endothelial-like growth factor-A 
(VEGFA-165) concentration for HUVECs (A) 10000 cells/well were seeded in 
wells of a 96 well plate and cell proliferation (as a measure of increased cell 
viability through an MTT assay) was measured after 48 hours, allowing for one 
cell doubling of HUVEC (which is approximately 32 hours). A range of VEGFA-
165 concentrations were tested from 0.5-50 ng/mL. Bevacizumab (Beva) was 
also tested at a 2.6:1 molar ratio against 25 ng/mL and 50 ng/mL of VEGFA in 
order to inhibit VEGFA as this drug in a monoclonal antibody against this growth 
factor. 10-25 ng/mL of VEGFA appeared to give the best response, whilst 50 
ng/mL appeared detrimental to survival. Error bars are standard deviation for the 
mean calculated from triplicate wells (n=1). Bevacizumab also appeared toxic to 
the cells and therefore it was not used in further experiments. (B) Both 10 and 25 
ng/mL of VEGFA were tested in another experiment to measure cell viability, and 
therefore make inferences on proliferation, over 72 hours. Cell viability was 
similar for both concentrations of VEGFA and therefore 25 ng/mL was chosen, 
as this was commonly used in published angiogenesis assays. 
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meaning the tumour cannot recruit an effective blood supply, or 2) Leu variants 

benefit in terms of survival because the variants improve/increase the angiogenic 

signalling resulting in better delivery of chemotherapeutic agents. Therefore, an  

 
experiment was set up to test how FXIIIA variants influence angiogenesis, with 

endothelial tube formation being used as a measure of angiogenesis.  

 
FXIIIA variants were generated by other Anwar lab members in yeast and 

recombinant protein was purified and then activated in the presence of thrombin 

and calcium chloride (see Chapter 2 Materials and Methods for full details). 

Variants were added to HUVEC in the presence of VEGFA following serum-

starvation which to pushed the cells into a more quiescent state. Although not 

presented with physical data, observation found that without this serum starve, 

cells did not form endothelial tubes successfully.  

 
In the absence of FXIIIA variants, HUVEC stimulated with VEGFA alone rapidly 

formed an endothelial tube network which peaked after about 3 hours and then 

gently declined in size over the following 20 hours, (Figure 6-E-A). In the 

presence of the wildtype FXIIIA variant (V/V), although the initial rate of formation 

was slightly slower, the network developed into a larger network which peaked in 

size around 12 hours. Both Leu-variants (V/L and L/L) responded similarly with 

average total network lengths being significantly smaller compared to wildtype 

(p<0.001) and VEGFA Alone (p<0.05), (Figure 6-E-B). 

 

The initial rates of HUVEC network formation also varied, (Figure 6-E-C). The 

rate of formation in the presence of both VEGFA and wildtype FXIIIA was similar 

to that of VEGFA alone, and were not found to be statistically significantly 

different from one another. The rate of formation in the presence of the 

heterozygous V34L variant (V/L) was the slowest of the conditions measured, 

and was significantly less than wildtype and VEGFA alone, but no significant 

difference was found when compared to the homozygous variant.  

 

The heterozygous and homozygous variants both resulted in significantly smaller 

networks with lower initial rates of development which is suggestive of the 

carriage of Leu affecting angiogenesis in both network size, rate of formation and 

maintenance. Leu-carriers respond better in terms of overall survival when FXIIIA 
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 is present in the stroma. Could the presence of Leu mean that tumours are 

unable to form networks as successfully as wildtype variants?  

6.4 Measuring the Active Angiogenic Signalling Axis in 
HUVECs 

The results from the endothelial tube formation assay on the Nikon LIPSI 

indicated that in the presence of FXIIIA protein and VEGFA, Leu-carriers formed  

smaller overall networks at a much slower rate compared to wildtype FXIIIA or 

VEGFA alone. FXIIIA is able to crosslink basement matrices in vitro, due to its 

transglutaminase activity. Therefore, it was important to test whether the 

reduction in network formation was due to the nature of the crosslinking of 

variants, or were the differences seen instead due to a differential effect on the 

angiogenic signalling cascade.  

Due to time constraints, the latter experiment was explored further through a 

Western Blot for protein expression of angiogenic signalling cascade members 

from proteins extracted from HUVECs actively undergoing endothelial tube 

formation. Although FXIIIA has clearly been demonstrated to have a role in 

angiogenesis, an exploration of the effect of FXIIIA variants on angiogenic 

signalling is lacking in the literature.  

 

The experiment was scaled up from a 96 well to a 12 well assay in order to 

increase protein yield for Western Blot analysis. Cells were stimulated as 

previously described (Chapter 2 Materials and Methods) and checked after 90 

minutes to ensure tube formation had begun successfully. Tubes had 

successfully formed for all conditions, but it appeared that the density of the tubes 

in the FXIIIA variant wells was lower, but this was purely observational and was 

not quantified, (Figure 6-F). Proteins were extracted from cells after 5.5 hours of 

growth, with cells quenched on ice and all tube retrieval occurring on ice for the 

entire protocol to ensure that proteases and phosphatases would not be active. 

A western blot run to measure the levels of expression of active angiogenic 

cascade proteins (phosphorylation of the protein results in activation) in relation 

to normally growing and serum starved HUVECs. Due to the protein extraction 

buffer interacting with the protein concentration assay, protein levels could not be 

measured and therefore maximal protein was loaded per well, (Figure 6-G). 

Bands were quantified with GAPDH as the loading control and results were  
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Figure 6-F: Images of HUVECS undergoing
endothelial tube formation after 90
minutes. Moving clockwise from the top left,
cells in medium only without any additional
VEGFA stimulation; cells stimulated with
VEGFA at 25 ng/mL; Active heterozygous
FXIIIA protein (VL) plus VEGFA at 25 ng/mL;
Active homozygous variant (LL) plus VEGFA;
and wildtype FXIIIA (VV) plus VEGFA. Cells
were plated at 1.5 x 105 cells /well, as the
experiment was scaled up from a 96-well to
12-well assay, on 100 µl of basement matr ix.
Scale bar in the bottom right hand corner =
100 µm.

VEGFA Only – 90 minutes

Active VV + VEGFA – 90 minutes Active VL + VEGFA – 90 minutes

Active LL + VEGFA – 90 minutes

Medium Only – 90 minutes
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Figure 6-G: Western Blot of Members of the Angiogenesis Axis in HUVECs undergoing
active endothelial tube formation (5 hours) in the presence of VEGFA (25 ng/mL). Protein
was harvested from HUVEC from triplicate wells for each condition but results are only from one
experiment due to the limited resources, the exploratory nature and novelty of the experiment.
Lanes left to right: 1) HUVEC p4: cells normally growing in full EGM-2 Medium, harvested at 80%
confluence; 2) Serum-starved (SS) cells incubated with serum-free EBM medium for 3.5 hours; 3)
Cells stimulated with VEGFA (25 ng/mL) alone; 4) HUVEC serum starved for 3.5 hours and then
incubated with full EGM-2 medium alone; Lanes 5-7) Cells serum-starved for 3.5 hours and then
incubated with Active Val34Leu purified protein variants (0.005 IU/mL) and VEGFA in full EGM-2
medium, Val34Leu Wildtype (VV), Val34Leu Heterozygous (VL) and Val34Leu Homozygous
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normalised to normally growing HUVECS (Figure 6-H) Serum starvation of 

HUVECs “resets” cells, pushing them into a more quiescent-like state (flow 

cytometry of BrdU staining would have confirmed the quiescent state, but this 

was not performed), which allows the cells to become more responsive to the 

angiogenic stimulation provided by VEGFA. Protein was also collected from cells 

in the EGM-2 fully supplemented medium alone, as this medium contained small  

concentration of numerous growth factors including a small amount of VEGFA 

(see Chapter 2 Materials and Methods for full details). Unfortunately, protein 

extraction for cells cultured in medium only following serum starvation did not 

appear successful, (Figure 6-G, lane 4), and therefore it is difficult to comment 

on the effect of supplemented medium alone on HUVEC growth following serum 

starvation.  

6.4.1 Western Blot Quantification 
The results of the western blot were quantified to examine the differences in 

protein expression between the different conditions tested (Figure 6-H). As this 

experiment was only performed once from proteins harvested from cells in 

triplicate wells, statistical analysis could not be performed. Serum starved 

HUVECS had an increase, in all proteins measured, but especially in phospho-

Akt (pAKT) and phospho-ERK (pERK). These proteins are also members of other 

signalling cascades and promote survival and proliferation respectively, and as 

serum starvation induces cellular stress, compensatory signalling was likely to be 

occurring, (Figure 6-H-A). VEGFA stimulation results in increased pro-survival 

and proliferative signalling. However, migratory signalling was slightly decreased 

and the decrease in phospho-PLC-gamma (p-Plc-Y) did not correspond as 

expected with the increase in pERK.  

 

The addition of FXIIIA variants and VEGFA appeared to have a differential effect 

on angiogenic signalling, (Figure 6-H-B). There appeared to be a decrease in 

pVEGFR2 for the wildtype variants on the Western Blot (Figure 6-G), however, 

the quality of the bands for this protein were poor. Given the degree of signalling 

for all of the other angiogenic cascade proteins measured, although lower for 

many when compared to Leu-carriers, it is likely that there was potentially a 

transfer issue in for the Western Blot, rather than a lack of signal (Figure 6-G, 

lane 5, and Figure 6-H-B). Another experiment would need to be performed to 

see if the lack of active tyrosine kinase receptor was a real result. This could be 
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Figure 6-H: Quantification of Western Blot for Active Angiogenic Axis from 
HUVECs undergoing endothelial tube formation in the presence of FXIIIA 
variants and VEGFA. Bands from the Western Blot shown in Figure 6-6 were 
quantified in FIJI (FIJI is Just ImageJ) using the Gel Analysis package. All relative 
densities on the gel were adjusted for the GAPDH density as a control. (A) 
Results of relative density were normalised to normally growing HUVEC at 
passage 4 (p4). Serum-starved (SS) HUVEC were starved for 3.5 hours in basal 
supplement free medium (EBM). Cells were also grown in the presence of 
VEGFA stimulation alone (25 ng/mL) following starvation (VEGFA Alone). (B) 
Quantification of the protein bands for VEGFA alone and for conditions with active 
FXIIIA Val34Leu variants, wildtype (VV), heterozygous (VL) and homozygous 
alternative (LL) in addition to VEGFA. Abbreviations for proteins can be found in 
the figure legend for Figure 6-G.  
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 investigated with RT-PCR to check for down-regulation of gene expression. 

Therefore, quantification was not undertaken for pVEGFR2, and quantification of 

the other proteins would be purely qualitative.  

 

The decrease in phospho-FAK (pFAK), for migratory signalling was lower for 

protein with the Leu at residue 34 (V/L or L/L), which could be a reason for the 

observed lower rate of network formation in the previous angiogenesis assays 

performed on the Nikon LIPSI (Figure 6-E). This result also indicated that the 

decrease in cell migration could be due to a decrease in protein expression, 

rather than the cells being unable to move across the cross-linked matrix. 

Although only a small decrease, Leu variant FXIIIA also resulted in less phospho-

Src (pSrc) signalling which also contributes to cell migration signalling. A Western 

blot to measure expression of matrix metalloproteinase 9 (MMP-9) in HUVEC 

undergoing angiogenic signalling in the presence of FXIIIA variants was 

undertaken but was not successful (data not shown). This would have provided 

further evidence for the effects on cell migration. Further work could also have 

been undertaken in transwell migration assays and scratch-wound assays.  

 

There was increase in pPlc-Y signalling for Leu variants and pERK for the 

homozygous Leu variants compared to wildtype FXIIIA which indicates a higher 

level of pro-survival signalling indicating that the presence of FXIIIA for all variants 

tested did not appear to be detrimental to survival. The active Akt signalling was 

also indicative of no real change in proliferation. Therefore, the main effect of 

FXIIIA variants appeared to be in terms of cell migration. As the integrin αvß3 is 

vital for adhesion and migration, perhaps the crosslinking by the Leu-variants of 

FXIIIA mean that cells are unable to migrate or adhere as effectively compared 

to crosslinking in the presence of the wildtype variant.  

6.5 Summary of Findings 

• A thin layer endothelial tube formation assay was optimised for basement 

matrix volume, HUVEC seeding density and VEGFA concentration to 

assess the effects of FXIIIA Val34Leu variants on angiogenesis. 

• Presence of wildtype V/V variant appeared to sustain angiogenic 

signalling for longer than VEGFA alone. 
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• The 34Leu variant resulted in significantly smaller endothelial tube 

networks (p<0.001, Kruskal-Wallis) 

• Presence of the V/L variant resulted in a significantly smaller rate of 

network formation compared to VEGFA alone and presence of the 

wildtype variant (p<0.05, one way ANOVA) 

• Lower levels of phospho-FAK and phospho-Src, proteins important in cell 

migration, were seen in cells actively undergoing endothelial tube 

formation in the presence of V/L and L/L variants. 

6.6 Brief Discussion 

FXIIIA has a well-established role in the promotion of angiogenic signalling. 

However, no work to date has been published on the effect of FXIIIA variants on 

this angiogenic role. Patients who carried a variant Leu allele for the SNP 

103G>T, resulting in the amino acid change Val34Leu, responded differently 

compared to their wildtype counterparts when FXIIIA staining was present in the 

stroma of ovarian cancer tissues. Potentially different roles for FXIIIA in OC were 

indicated depending on its staining locality, but the resulting difference for 

variants was an interesting avenue to explore. Whilst FXIIIA has multiple roles, 

including in wound-healing, immune response and angiogenesis, not all could be 

explored, although it was hypothesised that the immune response role and 

angiogenesis role were those most in play in OC due to the nature of the staining 

present in the tumour, through what looked to be tumour associated immune-like 

cells and then stromal cells which were potentially fibroblasts/endothelial cells. 

Angiogenesis was taken forward as the role to be explored for FXIIIA variants 

because of the data previously seen in Chapter 4, where Val34Leu variant 

patients appeared to respond differently to the addition of bevacizumab, an anti-

angiogenic therapy, which supplemented a standard platinum chemotherapy 

regimen.  

 

Endothelial tube formation assays measured tube networks in the presence of 

active FXIIIA Val34Leu variant proteins. The initial rate of network formation was 

similar for wildtype FXIIIA and VEGFA alone, but as noted by a previous group, 

the presence of FXIIIA alone appeared to maintain angiogenic signalling for 

longer compared to VEGFA Alone (187). In these experiments, both VEGFA and 

FXIIIA were present for a more accurate reflection of a tumour microenvironment, 



 

	

175 

where VEGFA signalling would be present for tumour recruitment of a blood 

supply, and from tissue expression work (Chapter 5) FXIIIA is also present in the 

tumour microenvironment. The experiments did not test the effects of FXIIIA on 

its own, and in future experiments this would be of value, to determine whether 

the decrease in cell signalling was due to toxicity of FXIIIA or due to an effect on 

molecular signalling. Cell viability assays would be useful to run alongside tube 

formation assays, for this purpose.  

 

The presence of FXIIIA Leu variants resulted in smaller networks which peaked 

in maximum network formation sooner and had slower initial rates of network 

formation compared to wildtype FXIIIA. To determine whether this was a result of 

any differences in the molecular signalling or because FXIIIA Leu variants 

affected the crosslinking of the basement matrix in such a way that inhibited 

network growth, a Western Blot was performed using protein extracted from cells 

actively undergoing endothelial tube formation.  

 

The decrease in pFAK and pSrc in cells incubated with Leu variants suggest an 

effect on migratory signalling and may provide a reason for the smaller networks 

seen within the LIPSI experiment. Survival and proliferative signalling did not 

appear to differ between the variants. This suggests that the Leu-variant FXIIIA 

may either be crosslinking the beta-3 integrin of αvβ3 to VEGFR2 in a different 

or in a less stable way which affects cell adhesion and migration and ultimately 

leads to smaller angiogenic networks. Smaller network formation may explain 

why patients who are Leu-carriers experience better overall and progression-free 

survival when FXIIIA is present in the stroma. It may also explain why in a clinical 

data cohort, heterozygous Val34Leu patients had an improved overall survival 

and survival post-progression. When bevacizumab was given to heterozygous 

patients (Chapter 4, Section 4.6.1), these patients responded better in terms of 

OS and SPP. However, Leu/Leu homozygotes had a similar OS to wildtype 

FXIIIA, so therefore still much remains to be understood about how Val34Leu 

variants of FXIIIA are affecting ovarian cancer. 

 

This chapter has presented data from novel experiments which are believed to 

the be first to explore how variants of FXIIIA are affecting its role in angiogenesis, 

which may explain why Leu-carriers respond differentially in terms of survival 
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intervals in OC. The complexity, and exploratory nature of the experiments meant 

that repeats would need to be performed in order to replicate the findings shown, 

but the results so far indicated that this work could help to further the 

understanding of the role that Val34Leu in the FXIIIA protein is contributing to the 

ovarian cancer disease state. Many more questions have been raised as a result 

of this work and will be discussed in Chapter 7.  
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Chapter 7: Discussion and Future Work 

7.1 Brief Summary of Thesis Findings 

This thesis presents the first in depth exploration of F13A1 SNPs in epithelial 

ovarian cancer outcome, using ovarian cancer clinical data cohorts and tissue 

samples. FXIIIA protein expression was explored for the first time in OC, 

demonstrating high staining levels in OC stroma, with findings supported through 

exploration of collated mRNA databases. Expression of FXIIIA in OC stroma was 

detrimental to patient survival in multivariate analysis, and F13A1 genotype 

influences survival intervals. The SNP 103G>T (Val34Leu) emerged as a 

potentially important player in tumour microenvironment interactions in OC, given 

the conflicting results between the univariate and multivariate analysis between 

FXIIIA staining levels in OC tissue and survival.   

 

The foundation of this PhD project on FXIIIA in ovarian cancer started with 

analysis of a multi-centre, national study of a cross-section of patients from 

Edinburgh, Leeds and Oxford (ELO, n=612). These women were newly 

diagnosed or attending follow-up appointments for cancer monitoring, and 

genotyping of SNPs was completed by the Anwar Laboratory here at the 

University of Leeds in which two exonic SNPs 1951G>A and 1954G>A within 

exon 14 of the gene for FXIIIA, F13A1, were found to be associated with overall 

survival (unpublished data, Chapter 1, Project Development). 1951G>A and 

1954G>C are in complete linkage disequilibrium with one another, with 1951A 

always found with 1954C. Patients with double carriage of these SNPs, resulting 

in a double-carrier haplotype, were over twice as likely to experience death when 

compared to wildtype patients (HR =2.10, p=0.002). Neither SNP had been 

associated with disease previously, and appear to have a minimal effect on 

normal FXIIIA activity levels (166). Therefore, this was the first instance where 

these SNPs appear to have an association with cancer or any disease state.  

 

The Leeds sub-cohort (n=258), taken from the ELO Cohort, was assessed on its 

own with the mature, long-term survival data which was available. The 

associations between the 1951A+1954C haplotype, found that this double 

carriage of the alternative alleles, like in the full ELO cohort, resulted in a poorer 

prognosis compared to wildtype patients, (Hazard Ratio (HR) =1.72, p=0.059). 



 

	

178 

Although this result was only just over the threshold chosen for the level of 

significance, and the significant risk of death identified in the full ELO cohort, but 

not in the smaller Leeds sub-cohort is likely because of the larger sample size 

(n=258 vs 612). Homozygous patients for the alternative T allele at 103G>T were 

found to benefit in terms of OS, and this result was not seen in the full ELO cohort. 

Analysis of the mature survival data found that the risk of death for those patients 

with double carriage of the 1951 and 1954 SNPs was significantly higher than 

that for the initial cohort (HR=1.96, p=0.003). However, the benefit of 103T/T was 

lost in long-term follow-up, suggesting that this SNP may be important earlier in 

OC survival. The maintenance and strengthening of the association between the 

1951A+1954C haplotype suggest that it may be able to be used as an indicator 

of long-term prognosis in OC. However, as with most studies further validation in 

multiple and varied patient cohorts would be required before this SNP could be 

classed as a true prognostic factor. 

 

In the second clinical cohort, a sub-cohort from the ICON7 clinical trial and 

consisting of newly diagnosed patients, the association between the 

aforementioned 650/651 haplotype and OS was not present for this group of 

patients. This raised questions regarding whether the 650/651 haplotype was 

important in a specific group of patients, as the Leeds cohort consisted of a 

greater cross-section of patients in their disease with newly diagnosed patients, 

patients undergoing multiple lines of therapy and those in disease follow-up. 

However, in the ICON7 translational cohort, SNP 103G>T (Val34Leu) appeared 

to benefit survival for heterozygous patients at this locus for both OS and SPP 

and demonstrated significant benefit in terms of OS for those patients in receipt 

of the anti-angiogenic agent, bevacizumab. Val34Leu has been implicated in 

several other cancers, such as oral, colorectal and uterine myoma with the exact 

benefit/detriment to survival for carriers of the Leu-allele unclear, due to 

conflicting findings.  

 

High expression of FXIIIA protein in OC stroma of patients from the ICON7 

translational sub-cohort, and was associated with poorer prognosis. However, 

Val34Leu (V34L) variants, appeared to have a differential survival outcomes 

compared to wildtype patients. Leu-carriers demonstrated an advantage to their 

survival over wildtype patients in the presence of the disadvantageous stroma 
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staining. When the role of FXIIIA in angiogenesis was explored, the presence of 

V34L variants resulted in significantly smaller angiogenic networks resulting from 

a potential decrease in proteins related to migratory signalling. Patients with the 

V34L variants may therefore have a better prognosis because tumours are not 

able to recruit a large enough blood supply, resulting in smaller tumours which 

are potentially more treatable, resulting in the increase in survival for these 

patients.   

7.2 Why was it of interest to study Factor XIIIA in ovarian 
cancer? 

FXIIIA is a transglutaminase with its “fingers in lots of pies” with regard to its 

numerous roles in normal processes (164). Its main role is as a cross-linker of 

fibrin monomers in wound-healing, exerted though its transglutaminase activity 

by generation of isopeptide bonds between fibrin monomers in the coagulation 

cascade, forming stable clot structures. Other roles of FXIIIA in addition to wound-

healing include inflammation, the immune response and angiogenesis 

(164,177,186). Turning to the classic hallmarks of cancer, Hanahan and 

Weinburg identify that these processes are also important in cancer maintenance 

and development (266). Therefore, it is not an ill-conceived step to suggest that 

this multi-role protein may somehow be influencing cancer.  

 

Groups have linked Factor XIIIA to cancers other than ovarian. High levels of 

FXIII-A expression in bone lymphoblasts, measured by flow cytometry, were 

found to be significantly associated with long-term survival in childhood acute 

lymphoblastic leukaemia (216). Patients with advanced non-small cell lung 

cancer (NSCLC) diagnosed at later stages had higher plasma FXIII activity than 

earlier stage patients (214). Lower FXIII plasma concentrations were identified in 

malignant gastric, breast and melanoma (212,267). In oral cancer, carriers of the 

alternative Leu allele at V34L had an increased risk of developing this cancer 

(220) but for colorectal cancer, heterozygotes at this locus, had a decreased risk 

of development (219). There is not a clear consensus on how this coagulation 

factor affects cancer, and the contradictory findings suggest different roles for 

FXIIIA, depending on cancer type being assessed and depending on what 

measure of FXIIIA is made i.e. plasma levels, activity or tissue expression.  
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With specific regard to OC and Factor XIIIA, the work performed to date by other 

groups has been very limited. A small study of 58 patients, 32 of which were 

diagnosed with an ovarian malignancy, found that median plasma activity levels 

were higher in the presence of a tumour (both benign and malignant) when 

compared to age-matched healthy controls. Levels were lower in those with 

metastatic malignant disease compared to benign and non-metastatic disease 

(221). Lower levels in metastatic disease were hypothesised to be due to a result 

of consumption of FXIIIA during the formation of the matrices surrounding a 

tumour through its cross-linking activity. Other work had found that consumption 

of FXIIIA during activation of the clotting system assisted tumour maintenance 

(268). However, following this work, very little was performed on OC and Factor 

XIII specifically since the early 1990s. A review highlighted the importance of the 

coagulation system in ovarian cancer (269), although much of the primary 

literature has instead focused on transglutaminase 2 (TGM2) and OC (270). The 

roles of FXIIIA and the limited work presented a foundation upon which to explore 

how this transglutaminase may be exerting its effects in OC. 

7.3 F13A1 gene expression is present in OC and differentially 
distributed across OC tissues 

Gene expression of F13A1 is not considered a classical prognostic factor. 

Analysis of The Cancer Genome Atlas (TCGA) performed by the team behind the 

Human Protein Atlas (HPA) (271,272), does report a poorer prognosis in renal 

cancer patients when F13A1 gene expression is high (259). Analysis of the 

ovarian cancer sub-cohort of the TCGA (n=373) although did demonstrate a 

worse prognosis for higher expression of F13A1 through a log rank test for a 

Kaplan-Meier plot (p=0.0068). As the p-value was not <0.001, the result was not 

considered significant by the HPA (273).  However, interrogation of the CSIODBV 

(252), a database of 3261 patients, collated from international ovarian cancer 

gene expression studies including the TCGA, yielded some interesting results on 

expression of F13A1 and how it may influence OC. 

 

Expression of F13A1 interrogated in the CSIODBV was significantly lower in 

more aggressive disease, late stage and higher grade (252). This supports the 

findings of van Wersch who identified that plasma levels of FXIIIA were lower in 

metastatic compared to non-metastatic disease (221), perhaps due to the 
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increased consumption of FXIIIA for crosslinking in more aggressive disease. 

Gene expression was measured in tumour cells, and therefore the lower levels 

of gene expression seen in disease with a higher metastatic potential is likely 

from cellular, rather than plasma FXIIIA. Cellular sources of FXIIIA are from cells 

of bone marrow origin and fibroblasts. It is promising to see that levels of both 

gene expression and blood plasma are lower in disease as this still fits with the 

consumption hypothesis, and the source of FXIIIA may be of ill-consequence to 

its effect. Higher levels of expression in lower metastatic potential disease further 

supports the hypothesis that aggressive disease consumes more of the FXIIIA 

locally in support of tumour matrix formation, or conceivably, as explored later in 

the thesis, that FXIIIA is being used in other cancer-associated processes such 

as angiogenesis. Levels of FXIIIA in circulation were not measured in this work, 

and would be valuable to assess whether patients with lower levels of FXIIIA in 

general, or whether metastatic patients specifically, have lower FXIIIA levels and 

are therefore more prone to aggressive disease. 

 

The Mesenchymal molecular subtype (MES) of serous OC was significantly 

associated with an increase in F13A1 gene expression (252,253). The MES has 

a large stroma component (256) supplementing the significantly higher gene 

expression identified in malignant stroma. Collagen expression and active 

transforming growth factor-beta (TGF-ß) signalling are associated with metastatic 

disease in the MES (256). As FXIIIA is able to crosslink collagen and tissue 

transglutaminases activate TGF-ß signalling (274), although the precise role of 

FXIIIA in this is yet to be fully understood (184), FXIIIA may have a role in 

metastatic progression through its presence in OC stroma. 

7.4 F13A1 SNPs are associated with Survival intervals in 
Ovarian Cancer 

7.4.1 SNP 103G>T is associated with improved prognosis 
A SNP that appeared to be associated with survival benefit, in the Leeds cohort 

was 103G>T (V34L). Homozygous alternative patients (TT, resulting in Leu/Leu 

(L/L)) had a significant decrease in risk of death compared to wildtype patients 

(HR=0.34, p=0.024). As mentioned previously, V34L has been associated with 

other cancers and thrombotic disease, as carriers of the Leu-allele had a 

decreased risk of developing colorectal cancer (219) and the wildtype and 
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heterozygous genotype appeared protective in uterine myoma (248). Val34Leu 

is associated with thrombotic disease such as myocardial infarction (197,198) 

and ischaemic stroke (193,208). This benefit to survival was lost however, when 

examined in the mature survival data, suggesting that the benefit is only present 

in the shorter term for patients carrying this mutation.  

 

The SNP 103G>T again appeared to influence survival in ovarian cancer when a 

newly diagnosed cohort of OC patients from the ICON7 clinical trial was analysed 

in Chapter 4. Not only was the ICON7 translational cohort a group consisting of 

only newly diagnosed patients, there were also several survival intervals 

measured including overall survival (OS) and progression-free survival (PFS). 

The survival interval, survival post-progression (SPP) was calculated by 

subtracted the PFS from the OS and using death as the indictor. Heterozygous 

individuals (V/L) demonstrated an improved overall and survival post-progression 

compared to wildtype patients (V/V) (HR=0.72, p=0.045; HR=0.67, p=0.021, 

respectively). However, there was no significant benefit seen for homozygous 

alternative individuals for either survival interval (L/L). 

 

The benefit only for heterozygous patients was odd, as it would be expected that 

if the presence of one copy of the alternative allele served to benefit, then two 

copies should at least have an additive effect to said benefit. This result may be 

an example of heterozygote advantage. Heterozygote advantage, more 

colloquially called “hybrid vigour” is where heterozygotic individuals for SNPs 

seem to have a better “fitness” over both homozygotic genotypes, and therefore 

heterozygotes persist in the natural population (275). Evidence of this 

phenomenon has been identified in other cancer types for other SNPs in breast 

(276) and bladder (277) cancer, NSCLC (278) and non-Hodgkin lymphoma (279). 

No evidence of full heterozygote advantage has been seen for F13A1 SNPs, and 

this is believed to be the first piece of work which demonstrates a significant 

advantage for just heterozygotes at 103G>T in F13A1.  

7.4.2 1951G>A and 1954G>C Haplotype Associations could not be 
repeated 

The associations between 1951G>A and 1954G>C and survival could not be 

replicated in the ICON7 translational cohort analysis. A significant finding for 

these SNPs was limited to a univariate association between risk of disease 
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progression and 1954G>C (p=0.039), but this result did not hold in multivariate 

modelling and the Chi2 result could not give any indication of directionality of this 

association. The ICON7 group did represent a group of women who were only 

newly diagnosed patients and did not represent the same cross-section of women 

from whom data were collected in the Leeds cohort. There is also the potential 

for geographical bias; the Leeds cohort is limited to women attending clinic in 

West Yorkshire, whereas the ICON7 trial recruited women from many 

international centres. Although full location data were not available for the ICON7 

samples, and Leeds was one of the collection centres, it is highly unlikely they 

are all from Leeds-based patients. However, the frequency of the SNPs is similar 

in each of the cohort so geographic bias is unlikely, and is likely due to over-

representation of a specific group of women which remain to be fully identified.  

7.5 103G>T may influence response to anti-angiogenic therapy 

The treatment sub-cohorts were extracted and analysed from the ICON7 

translational cohort, to test whether F13A1 SNPs influenced response to the 

chemotherapy given. SNP 103G>T appeared to influence response to 

bevacizumab and to the standard regimen of carboplatin and paclitaxel, alone. In 

the standard regimen treated group, L/L individuals demonstrated a distinct 

advantage for progression-free survival (PFS) (Figure 4-H and Cox Model 

Results: L/L: HR=0.45, p=0.100, V/L: HR=0.84, p=0.442, V/V=: HR=1.00), 

although clearly not significant. However, in receipt of bevacizumab, V/V and V/L 

individuals outperformed L/L patients with to PFS benefit of over six months (V/L: 

HR=0.78, p=0.197, L/L:1.48, p=0.199, V/V: HR=1.00). 

 

Once a progression-event in disease had been experienced, patients in receipt 

of platinum therapy only L/L patients had a lower SPP, approximately 18 months, 

compared to V/V patients (approximately 22 months) and V/L patients (at 33 

months), (Figure 4-H). When in receipt of bevacizumab, all variants performed 

similarly with a median SPP of approximately 24 months. For OS, patients in 

receipt of bevacizumab and carrying V/L survived for longer compared to both 

homozygous variants, supporting an argument for heterozygote advantage for 

this SNP when treated with the anti-angiogenic agent. The full ICON7 trial 

findings did only find a benefit to bevacizumab specifically in those women with 

high risk of disease progression (78). 
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When the ‘risk-of-progression’ sub-cohorts were analysed, again V/L patients 

demonstrated an improvement to all survival intervals from which measurements 

could be acquired. Due to a lack of convergence of the data, it was not possible 

to assess PFS and SPP in the “at risk” population (n=150), and this was likely 

due to the small sample size. With a larger group of patients, it would be possible 

to explore all survival intervals. With the definition of “at risk of progression” made 

so clear in the ICON7 protocol, this definition could be applied to other clinical 

cohorts for which disease stage and surgical data are available.  

 

The benefit of V/L and L/L variants to survival intervals and therapeutic response 

suggests that this variant is having an effect on the cancer which results in smaller 

tumours, poorer maintenance of the tumour, or an influence on the success of 

the chemotherapeutic agent. It is known that Leu-variants can alter the rate of 

and formation of matrices, but is it possible that this is affecting response to 

therapy against the cancer or is it more likely that the variant is influencing one 

of FXIII’s other roles. A resulting unfavourable tumour environment may be 

produced in these variants, which is why these patients survive for so much 

longer, compared to heterozygotes and those carrying wildtype FXIIIA. The V34L 

variant has not been found to contribute to the mechanism of action of either 

carboplatin or paclitaxel, which are DNA-targeting or cytoskeletal-targeting 

agents, respectively. A decrease in FXIIIA expression was identified in paclitaxel-

associated lymphedema and scleroderma in patients treated for breast cancer 

(280), and FXIIIA expression has also been used as diagnostic tools in skin 

disease diagnoses (281). Although not completely understood, scleroderma is 

thought to be caused by changes in interstitial tissue pressure as a result of 

taxane therapy (282) and treatment results in an increase in fibrosis (283), and a 

decrease in FXIIIA expression occurs in dermal fibroblasts.  

7.6 Tissue expression of FXIIIA protein affects OC survival 
intervals  

7.6.1High levels of FXIIIA staining in OC stroma and tumour resulted 
in poorer outcome, but staining in tumour/stroma cores 
appeared protective 

Immunohistochemical expression of FXIIIA protein has been explored in bone 

and skin tissues and disorders such as leprosy (215,284–287), with expression 
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in dendritic cells of the dermis, in microglia and immune cells in brain tissue (288), 

macrophage staining in uterine tissue (165), and positive staining in adipocytes 

(289). Breast and colorectal carcinoma stroma has been stained for FXIIIA and 

the transglutaminase was found in macrophages in the invasive margin (290). 

Positive FXIIIA staining has also been found in neoplasm connective tissues, at 

a higher level than normal tissues (291). Only plasma levels of FXIIIA, rather than 

any form of protein expression, have been measured in ovarian cancer, 

specifically (221).  

 

Interrogation of the CSIOVDB gene expression database, which comprised 

multiple international studies of ovarian cancer gene expression, resulted in the 

highest expression of F13A1 in malignant stroma compared to tumour, and 

healthy epithelium and stroma. Therefore, it would be expected that FXIIIA would 

be expressed in OC tissues, particularly in OC stroma, however, the exact 

location or cell type of the staining is unknown. In the tissue microarrays, staining 

was predicted to be from fibroblasts within the stroma or macrophages, as it was 

unlikely that the source of FXIIIA would from be the blood plasma due to the 

nature of tissue preparation in the generation of the tissue microarrays. However, 

in order to ascertain where the staining was coming from, co-localisation 

experiments with immune or connective tissue markers or for FXIIIB, the carrier 

protein with the FXIIIA dimer in the plasma, would be necessary.  

 

Staining for FXIIIA protein in formalin-fixed, paraffin-embedded tissue 

microarrays demonstrated the highest average percentage positivity within 

stroma cores (Chapter 5), fitting with the findings from the gene expression 

database interrogation. The lowest average percentage positivity was in tumour 

cores, and cores containing both tumour and stroma resulted in percentage 

positivity between the two tissues types. The precise location of the staining could 

only roughly be determined, as only slides for one round of staining were 

provided. It was felt that determining the actual presence of FXIIIA within OC 

tissues was the first important step, and that further hypotheses on precise 

location/contribution of FXIIIA could be developed, thereafter. Tumour cells 

themselves did not appear to stain for FXIIIA. Instead, cells within the tumour, 

likely to be immune-like cells given their location and size, stained positively but 

markers such as CD34 and interleukins would provide valuable insight if more 
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tissue microarray slides were available. Tumour-associated stroma, intra-tumour 

stroma and general OC stromal cells stained positively for FXIIIA, when present, 

and could be identified by the distinct cell morphology.  

 

In multivariate analysis, FXIIIA staining within the OC tumour cores and the 

stroma tissue cores had a negative influence on survival intervals, with hazard 

ratios >1 and were classed as significant predictors of risk, when compared to 

negative FXIIIA staining. However, in the cores where both tumour and stroma 

were present, high levels of FXIIIA staining appeared protective, when compared 

to negative staining. These results were unexpected and suggested that FXIIIA 

influenced survival in different manners depending on location. The lack of 

tumour cell staining, and the staining of stromal margins next to tumour tissues, 

appears similar to that of the breast and colorectal margins in which FXIIIA was 

present (290), although was not confirmed to be in immune cells in this work. This 

suggests that FXIIIA is involved in tumour to microenvironment cross-talk. The 

protective effect means that patients are surviving for longer when tumour/stroma 

staining is present, and therefore FXIIIA’s possible interaction with tumour cells 

and the stromal margin next to the cancer is disadvantageous to tumour growth 

and/or maintenance.   

 

The great risk to survival when FXIIIA stroma staining is present, suggests that 

stromal staining itself may lead to conditions which are advantageous to the 

tumour, and thus poorer for the patient. It is hypothesised that tumour matrix 

cross-linking by FXIIIA may be promoting a more aggressive environment. FXIII 

has been shown to be important in early micrometastases (292) Changes to 

matrix composition or the degree of crosslinking may also affect the surrounding 

matrix stiffness. Increased matrix stiffness has been associated with epithelial-

mesenchymal transitioning of tumour cells (113,293) resulting in promotion of 

more aggressive metastatic phenotypes  as cells change to escape the matrix 

(114,294,295). Although FXIIIA is used in vitro to generate the matrices in tumour 

stiffness studies, FXIIIA itself has not specifically been linked to alterations in 

tumour matrix stiffness. It has however been found to stiffen fibrin (296) and clots 

in 34Leu individuals lyse more slowly than those made in WT individuals (297), 

so an affect on tumour matrices is likely. However, composition of matrix is what 
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appears to increase stiffness, so it may also have been interesting to stain for 

matrix associated proteins in the ICON7 ovarian tissue microarrays.  

 

Stroma is more mesenchymal in nature, and high levels of FXIIIA expression are 

found in the MES (252,253,256). Molecular subtype analysis was not performed 

on each of the tissue cores stained for FXIIIA, and this data was not available for 

analysis. Molecular subtyping of the ICON7 tissue samples from Germany (which 

were not available for the tissues in the microarray used in thesis (personal 

communication, T. Perren) were, however, performed by Kommoss et al. (298).  

Patients with the proliferative and mesenchymal subtypes demonstrated the 

greatest benefit to PFS from bevacizumab over the other molecular subtypes. 

Given the results from the ICON7 translational cohort analysis of peripheral blood 

DNA, and the differences in PFS for LL variant, it could be hypothesised that the 

other molecular subtypes are associated with this FXIIIA variant, as LL variants 

respond better without bevacizumab.  Being able to generate or access molecular 

subtype data for the ICON7 tissues analysed in this cohort would have been very 

informative and exciting to investigate. A link could have been made between the 

levels of FXIIIA protein expression and molecular subtype, in addition to genotype 

associations. If these associations were identified, then SNP genotyping for 

103G>T in F13A1 could be a useful diagnostic tool to determine whether a patient 

should receive bevacizumab. As the tissue type cores were taken from primary 

tumours during resective surgery, and therefore taken before any chemotherapy 

was given, an investigation into whether FXIIIA staining levels changed with 

treatment was not possible, but could also be an interesting piece of future work.  

7.6.2 Val34Leu variants altered the prognosis of high stroma 
staining  

Val34Leu in univariate analysis was associated with OC stroma (S) and OC 

tumour/stroma (tumour and stroma, T/S) staining levels (Chapter 5). When 

assessed via Kaplan-Meier plots, carriers of Leu had an improved OS and SPP 

when FXIIIA staining was present in the OC tumour or OC stroma, regardless of 

whether staining was low or high. However, Leu-carriers performed poorer when 

OC Tumour/Stroma levels of FXIIIA were positive while wildtype patients 

performed better. Stroma staining in general resulted in a poorer prognosis for 

OC patients, and Leu-carriers benefited over wildtype patients when FXIIIA was 

present in stroma. Therefore, the carriage of Leu when expressed, may be 
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promoting patient survival, but through what method? And for the opposite 

observation for Leu-carriers for when T/S staining is present, how is the Leu-

variant resulting in poorer patient survival? No evidence of heterozygote 

advantage was tested in this cohort as the number of patients taken into the Cox 

proportional hazards regression modelling was very small (n=91), as this form of 

multivariate modelling requires that no data points are missing for patients within 

the model, and not every patient had each tissue type core extracted from their 

primary cancer. Therefore, VL and LL patients were pooled to form the Leu-

carrier categories in order to keep category numbers high enough for meaningful 

statistical analysis.  

7.7 Val34Leu variants of FXIIIA influence angiogenic network 
development and signalling 

The results of the staining raised a number of questions, but due to time 

limitations, the next steps in the investigation into the role of FXIIIA in ovarian 

cancer had to be focused. A number of paths of investigation lay ahead, and but 

were limited to in vitro studies as in vivo work or acquisition of further patient 

samples was not possible within the time frame. The stroma and potential 

interactions therein were chosen as the point for focus for experimental planning. 

This was due to the supporting gene expression evidence and the differential 

prognosis for stroma staining for V34L variants. The multiple roles of FXIIIA have 

already been touched upon, but the role in angiogenesis took precedence for 

hypothesis generation. The tissue samples on which staining was performed 

were taken from patients within a clinical trial testing the benefit of an anti-

angiogenic to the standard OC chemotherapy regimen. Although tissues were 

harvested prior to treatment, it may be that FXIIIA in the stroma contributed to 

differential therapeutic response. It was hypothesised that the V34L variant was 

exerting its positive effect on survival by somehow influencing the angiogenic 

pathway. 

 

In an endothelial tube formation assay, recombinant FXIIIA Val34Leu protein 

variants were activated in the presence of thrombin and calcium, and then added 

to human umbilical vein endothelial cells (HUVEC) in the presence of VEGFA, 

the main signalling molecule for pro-angiogenic signalling. HUVEC treated with 

V/L or L/L variants formed smaller endothelial tube networks which were slower 
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to develop and peaked in their total development sooner than wildtype FXIIIA or 

VEGFA alone (Chapter 6). These results appeared to support the hypothesis, 

that Leu-variants have negative impact on angiogenesis. 

 

The role of FXIIIA in angiogenesis has been explored in both in vitro and in vivo 

models (185–187,299). FXIIIA from pooled human plasma (Fibrogammin) was 

used in these studies, meaning a mixture of FXIIIA variants may have been 

present. To current knowledge, FXIIIA variants and the role they contribute to 

angiogenic signalling has yet to be explored. Therefore, the experiments in 

Chapter 6, were the first to do so. The Leu variant for Val34Leu has been 

associated with higher specific activity and tighter matrices generated from 

crosslinking fibrin. Could the small networks be due to a difference in how the 

beta-3 integrin is crosslinked to the VEGFR2 receptor? Are these variant proteins 

less stable overall, and therefore less enzyme is available to crosslink compared 

to the wildtype protein?  Protein stability experiments and co-immunoprecipitation 

experiments, similar to those performed by Dardik et al., would be valuable future 

work to help further understanding of the difference between Val34Leu variants 

with respect to angiogenesis. 

 

Working with the observations seen in the tube formation assays, the decrease 

in total network length and slower rate of reaction was hypothesised to be due to 

either a) an alteration in angiogenic signalling because of the FXIIIA variants 

present or b) the variants altered the matrix surrounding the cells and slowed their 

ability to migrate. FXIIIA is able to crosslink the basement matrix upon which the 

HUVEC are seeded and subsequently form their endothelial tube networks, and 

the presence of the variants did result in observable changes to the matrix. 

Therefore, it was important to determine whether the inhibition of network 

formation was due to the crosslinks in the matrix or due to an inhibition of 

angiogenic signalling. Cell migration is a part of angiogenesis, as endothelial cells 

are stimulated and recruited from already developed capillaries, and it is highly 

likely that an influence on angiogenic signalling may be affecting the migratory 

signalling, too.  

 

A Western blot of protein expression in cells actively undergoing endothelial tube 

formation was performed. Active protein signalling, demonstrated by detection of 
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phosphorylated proteins, was measured for proteins within the four main arms of 

angiogenic signalling: cell survival (pPlc-gamma, pAkt), migration (pSrc, pFAK) 

and proliferation (pERK1/2) and vascular permeability (pSrc). The novelty of this 

experiment was rather exciting as this was the first to assess the effect of FXIIIA 

variants on the angiogenic signalling cascade. Cells were harvested on ice, and 

the experiment was challenging due to the small number of cells upon the matrix 

and the delicacy of the technique to ensure collection of cell networks from the 

basement matrix. Equal loading of protein could not be determined until the end 

of the Western blot protocol due to issues with the protein concentration assay. 

Maximal protein was therefore loaded in each lane, and subsequent 

quantification in ImageJ allowed for loading control correction for each lane.  

 

The exploratory nature of the experiment and the degree of hands-on time 

required, meant that only one experiment of triplicate wells per condition was 

performed. It was therefore not possible to run meaningful statistical analysis but 

quantification of protein expression from the protein bands on the Western blot 

proved interesting. As expected a decrease in migratory signalling proteins was 

seen, when cells were stimulated to form endothelial tubes in the presence of 

V34L variants. Both pSrc and pFak were expressed at lower levels compared to 

cells incubated in the presence of wildtype FXIIIA. Integrin binding also promotes 

the activation of FAK which binds to Src for cytoskeletal changes through F-actin 

(294). As FXIIIA exerts its pro-angiogenic effect through its crosslinking of the 

beta-3 integrin to VEGFR2, V34L variants may be resulting in altered cross-

linking and therefore a reduction in pro-angiogenic signalling.  A decrease in this 

migratory signalling would explain why smaller networks were formed.  

 

There did not appear to be a consistent decrease in other members of the 

angiogenic axis. In fact, for pPlc-gamma-1, an increase in this active signalling 

protein was seen for Leu-variants. Plc-gamma-1 is one of the first proteins 

involved in signal transduction following growth-factor mediated activation 

through the tyrosine kinase receptor (300). As the other TKR were not measured, 

it is difficult to say whether the increase in pPLc-gamma-1 is coming from 

VEGFR2 signalling alone or as a result of other TKR signalling, as other growth 

factors such as EGF, IGF and PDGF were all present in the HUVEC medium. 
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It is not possible to compare the amount of pVEGFR2 in wildtype stimulated 

HUVEC, because it is not possible to confirm if the lack of active receptor was a 

genuine result or as rather suspected, the result of an issue in transfer of the 

proteins to the membrane used for protein detection. Quantification of this protein 

was not possible. The lack of pVEGFR2 seen in the Western Blot for the wildtype 

variant does not follow the findings in the literature, that FXIIIA crosslinking is pro-

angiogenic (187), and the presence of downstream angiogenic signalling 

suggests that pVEGFR2 levels in the wildtype protein stimulated cells would at 

least be similar to the Leu-variants. The pro-survival signalling (pPLC-gamma 

and pAkt) also suggests that the presence of the FXIIIA variants is not inherently 

toxic to the cells. 

 

The reduction in cell migration, but promotion of other angiogenic signalling, does 

not rule out the possibility that the crosslinked matrix may be having an effect. It 

is known that V34L variants alter the nature of fibrin matrices, and this may be 

affecting the cells’ interaction with the extracellular matrix. Migration and 

adhesion are necessary for successful angiogenesis, with adhesion taking place 

through integrin binding and FXIIIA has a role in endothelial cell adhesion through 

the avb3 integrin (301). An attempt to measure the level of integrin beta-3 in cells 

actively undergoing endothelial tube formation was made, but this Western blot 

proved unsuccessful and there was not enough protein to run a further blot. This 

result could have been helpful in determining whether the loss of migratory 

signalling could have been caused by a decrease in presence of the integrin, 

potentially caused by indirect effects of the Leu-variants, and therefore, there was 

decrease in migration. Adhesion assays could also have been good to perform, 

in order to establish whether endothelial cell adhesion was prevented by the 

crosslinked matrices. 

 

The presence of FXIIIA in the GelTrex™ basement matrix was not tested directly 

in these experiments. The basement matrix is derived from murine Engelbreth-

Holm-Swarm sarcoma, it contains collagen and laminin as major components. 

There is no evidence of fibrinogen in the matrix, as other literature has added 

fibrinogen as a supplement to GelTrex (302).  In this thesis, it was noted that 

during tube formation experiments for conditions in which FXIIIA was absent from 

the medium, no crosslinking of the matrix was seen, however, as thrombin was 
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not added to control wells (as the absence of thrombin was itself a control for 

FXIIIA activation), it is not known whether FXIIIA was in the basement matrix. 

This could be tested through a Western Blot, using antibody HPA001804 to 

detect FXIIIA in diluted matrix or potentially in situ within wells using a red 

fluorescently conjugated FXIIIA antibody. The red spectrum would avoid the auto-

fluorescence of collagen in the green spectrum. 

 

The results of the tube formation assay suggest that the V34L variants somehow 

alter migration, and based on what is known about the molecular basis of FXIIIA 

in angiogenesis, it is likely that there is an effect on the beta-3 integrin and either 

the crosslinking of this integrin to VEGFR2 or as a result of downregulation of the 

integrin, or even an upregulation in an inhibitor of the integrin which means cells 

struggle to adhere to the matrix and therefore migrate. In terms of what this 

means for the therapeutic response seen for V34L variants, the results of the in 

vitro angiogenesis assay and the Western blot support the idea that Leu-variants 

are unable to form as successful vessel networks as wildtype variants. However, 

it is not an effect on angiogenic signalling itself, but rather an effect on migration 

of the endothelial cells which may be the challenge faced by tumours for 

successful recruitment of a blood supply. Less successful recruitment would 

result in smaller tumours which would be easier to treat and less likely to 

metastasise. 

 

7.8: Limitations and Further Work 

7.8.1 Clinical Data Cohorts 
Although future work has been briefly touched upon in the preceding discussion, 

a detailed overview of the potential future experiments and hypotheses generated 

will be discussed in the following section. This work is the first to demonstrate 

associations between the F13A1 SNPs 1951G>A and 1954G>C and 103G>T 

and survival in OC. The inability to replicate the finding for 1951 and 1954 

haplotypes and survival from the Leeds cohort of patients, within the newly 

diagnosed ICON7 patients suggests that these SNPs may play a role at different 

stages of disease. The Leeds cohort although did contain a mixture of newly-

diagnosed and follow-up patients, the follow up time for the cohort as a whole 

was far longer than ICON7 trial, and perhaps mature survival data for those 
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patients within the ICON7 trial would reveal an association between these SNPs 

and long-term survival. The benefit to survival for carriers of the SNP 103G>T 

was present in initial analysis of the Leeds cohort, but lost during long term 

mature survival analysis, suggesting this SNP could be important earlier in OC. 

This may explain why this SNP was so significant within the ICON7 group of 

patients, as these patients were all entered into the trial at the point of their 

diagnosis. It is clear that analysis of other groups of patients is required to further 

understand whether these SNPs influence survival intervals in OC. Study of 

another Leeds local cohort, and an international cohort would both be of 

importance to assess whether there is a true geographical bias of F13A1 

genotypes within the West Yorkshire area. 

 

The OC prognostic factors analysed within this thesis were limited. Two main 

prognostic factors which were absent for ICON7 and Leeds cohorts were tumour 

bulk, or the residual disease remaining after cytoreductive surgery, and ECOG 

Performance Status. Performance status describes how OC limits the daily living 

abilities of patients (303). The status score ranges from Grade 0-5, where 0 is a 

patient who is fully active and can perform daily tasks without any restrictions, 

whereas 4 is a patient who is completely disabled, often confined to their bed and 

is not able to self-care. These measures are routinely used in clinical trials, and 

have been analysed for the full ICON7 trial (n=1528) (78,79). An further 

exploratory analysis of the ICON7 trial, focusing particularly on stage and extent 

of residual disease was performed in 2019 (304). This exploratory analysis 

concluded that benefit to PFS following the addition of bevacizumab to 

chemotherapy was present regardless of stage or residual disease remaining. 

Benefit to OS however, was only identified for late stage disease and >1cm 

residual disease remaining.  Although stage data was present For the 

translational sub-cohort of ICON7 trial analysed in this thesis, remaining tumour 

bulk data and performance status were unavailable following the database 

request from the MRC. Had these data for these prognostic factors been 

provided, then the survival analysis performed would be more complete and 

would assist in defining the association between F13A1 SNP genotype and OC. 

Having these other prognostic factors may have influenced the multivariate 

analysis findings, which often were very close to the set alpha value of 0.05. 
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Treatment data, tumour bulk and performance data were absent for the Leeds 

cohort. When requests were made for treatment data for the Leeds patients, 

access would require labour-intensive delineation of raw patient medical records. 

Raw clinical files with patient identifiable data which could not be accessed by K 

Hutchinson. It was decided that for the purposes of this thesis the prognostic 

factors provided, albeit limited, were sufficient to test the hypotheses which had 

been developed.  

 

Both clinical cohort studies were also limited to a racial majority of Caucasian 

individuals. F13A1 SNP allele frequencies and FXIIIA activity does differ between 

races, particularly between individual of Asian and African descent, in 

comparison to Caucasians (305,306). An exploration of F13A1 SNP genotypes 

and measurable outcomes in ovarian cancer, like prognostic factors and survival 

intervals in clinical trials with recruitment at other international centres would 

present an exciting opportunity and may even lead to results which could have 

international benefit.  

 

The availability of the ICON7 translational cohort presented a novel opportunity 

to explore F13A1 genotypes in a newly diagnosed cohort of women, but also the 

stratification of patients into two treatment arms, and the unique “at risk of 

progression variable” allowed for further hypothesis generation. It would be 

interesting to explore other clinical trials (not limited to just OC) in which different 

treatments were used, and in different regimens to assess whether F13A1 SNPs, 

such as 103G>T, were able to result in a differential response to therapy as 

demonstrated within the ICON7 trial. Chemotherapies such as paclitaxel appear 

to influence the development of fibrosis in patients (280,283,291), and given 

FXIIIA’s role in fibrosis, investigation into the role of FXIIIA in treatment-

associated symptoms could also prove beneficial to clinical knowledge.  

 

The desire to understand the role of FXIIIA in the most current definition of cancer 

is also very strong. The Leeds and ICON7 clinical cohorts were performed when 

FIGO staging was still commonplace to define OC. Nowadays, ovarian cancer is 

treated as a heterogeneous collection of diseases, separated not only by 

molecular subtype, but also defined in how responsive they are to treatment. 
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Serous epithelial ovarian cancer is now commonly defined as high grade serous 

OC (HGSOC) and low grade serous OC (LGSOC), both of which differ in 

mutational status and therapeutic response. Exploring the role FXIIIA may have 

within these more modern classifications would certainly be of clinical relevance, 

and the age of the cohorts and definitions within them are one of the main 

limitations of this investigation. 

7.8.2 Statistical Testing 
Sample size is always an important factor when studying clinical cohorts and 

assessment of SNPs must always be interpreted with caution. Rarely does a 

single SNP influence total clinical outcome, and is the subsequent alteration to 

interactions and signalling which are the real game-changers within a disease. 

The SNP is often a signpost to a more complex process or set of processes which 

are in play. The sample sizes of cohort used in this thesis were tested for suitable 

power for multivariate modelling and limitations to the power of the detection of 

hazard ratios was present. Large cohort sizes are almost certainly required to 

provide further evidence for FXIIIA as a player in OC. Analysis of sub-cohorts did 

take place as a form of exploratory analysis, but the extraction of sub-cohorts 

does come with the consequence of a loss of power for the results obtained, due 

to a reduction in sample size. This could be combatted through large sample 

sizes.  

 

Statistically there is also the controversial topic of use of the Bonferroni 

adjustment (307,308). In a detailed review by R Armstrong, arguments for the 

necessity of the adjustment from both sides were clearly presented in the case of 

ophthalmology research (309), but the conclusions are applicable to many 

scientific disciplines including that of this thesis. Although some feel that this form 

of statistical adjustment should be mandatory (310,311), others are inclined to 

believe that the Bonferroni adjustment is unnecessary and may lead to “missed” 

results for the sake of reducing Type I error (312,313). Although there were many 

statistical tests performed, the p-values presented in this thesis did not have the 

Bonferroni adjustment applied. The arguments supported are that Bonferroni is 

not always necessary and at times, can put good research at risk of dismissal. 

Type I error is the error of generating false positive results, whereas Type II error 

is the error of false negatives, or “missing” potential results. Bonferroni 

adjustments attempt to decrease Type I error but therefore can increase Type II. 
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Although the analysis in this thesis was considered exploratory for sub-cohorts, 

the hypotheses were clearly defined before proceeding into testing and the 

results from exploratory analysis which lead to hypotheses for further 

investigation do not require adjustment (309,313). And although multiple tests 

were used, each test used a different statistical model, and all p-values that 

resulted in a significant result were treated with appropriate interpretation and 

caution, and this was felt to be of far more importance than application of 

Bonferroni.  

7.8.3 Patient Tissue Samples 
The study of FXIIIA expression in tissues yielded some interesting results, which 

were demonstrated for the first time in OC. One of the main limitations was the 

quantity of tissue microarray slides available for testing, which led to only staining 

of FXIIIA being possible, and the results of which were presented in Chapter 5. 

There was no further possibility to explore the source of FXIIIA within the OC 

stroma or tumour tissues, and this information would have been invaluable in 

dictating the next steps. Staining for immune cells, fibroblasts and for the carrier 

protein FXIIIB would have allowed for assessment of cellular or plasma 

contribution of FXIIIA within the OC tissues. 

 

Co-localisation for TGM2, fibrinogen and isopeptide bonds with FXIIIA in frozen 

tissues proved problematic due to the necessity to section tissues at 7 µm, thus 

often including 1.5 layers of cells, and the age and storage of the tissues also 

resulted in challenging immunofluorescent staining. With fresh samples, it may 

have been easier to section and increase section quality, and thereby improve 

staining. The suspected issues with the isopeptide antibody were discussed in 

Chapter 5, with both available clones from which antibodies were generated 

showed cross-reactivity with acetylated lysines and other similar structure 

(314,315). Acetylated lysines are often found in histones within the nucleus, 

which may explain the strong co-localisation between isopeptide and DAPI, the 

nuclear stain, in the acquired immunofluorescence images. A new antibody would 

need to be generate that was demonstrated to not have cross-reactivity, and 

currently this is not available on the market, but would be very beneficial to the 

study of isopeptide bonds in clinical samples, as a measure of FXIIIA crosslinking 

activity in situ.   
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The number of patients for which each tissue-type sample was acquired (tumour, 

tumour-stroma and stroma) was limited to 91 patients. The fragility of stroma 

cores was visible, and number of cores were dismissed from analysis due to 

artefacts, folded cores or too little tissue available at the site of core due to 

breakage. A large sample size of tissues with clinical data, and peripheral blood 

DNA available for genotyping of F13A1 SNPs would strengthen the results of this 

thesis and provide further support for the role of FXIIIA in OC stroma. A larger 

sample size would also shed light on the benefit of positive FXIIIA staining in the 

tumour/stroma, which remains one of the most ambiguous set of results within 

this thesis, and generates many more questions than it does answers.  

 

In order to further assess the expression of FXIIIA in OC tissues, RNA could have 

been extracted from tissues and RT-PCR performed to measure gene expression 

and this could have been correlated with visible protein expression. However, 

fresh tissues would have been required to acquire to highest quality of RNA for 

experiments. The extraction of RNA would also have allowed for molecular 

subtyping of OC through RNA-Seq to occur which would provide valued insight 

into FXIIIA in molecular subtypes of OC and could support the mRNA database 

findings of increased expression in certain subtypes over others. As the OC 

molecular subtypes respond in different ways to chemotherapy, further 

experiments could be performed to test whether FXIIIA SNPs predict therapeutic 

response.  

7.8.4 Angiogenic Assays 
The endothelial tube formation assays and Western blot of the active angiogenic 

cascade demonstrated novelty and were challenging yet incredibly interesting to 

perform. The main limitation is the number of experiments that were performed 

due to a limit in time and imaging resources available. Protein was harvested 

from cells in triplicate wells for each condition, but could do with being repeated 

to assess whether the results could be replicated. What is promising, is that 

although the results are from a single experiment, they do appear to make some 

biological sense. A decrease in endothelial tube network could be due to a 

decrease in migratory signalling. As for beta-3 integrin, a Western blot was 

probed for matrix metalloproteinase 9 (MMP-9) as a measure of cell migration, 

as MMP-9 is expressed by HUVECs as part of matrix remodelling (316). 

Unfortunately, this Western blot was not successful and it was not possible to 
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repeat at the time due to a lack of protein. However, repetition of the experiment 

that would be scaled for more wells per condition in a 12 well assay, or scaled up 

further to a 6 well or 10 centimetre dishes would increase protein yield for multiple 

Western blot experiments. 

 

In the lysing of cells, the lysis buffer did contain protease inhibitors, which prevent 

protein degradation as the cells are ruptured, but the lysis buffer did not contain 

phosphatase inhibitors, as mentioned in Chapter 2 Section 2.10.1, which prevent 

degradation of phosphorylated proteins. The cell and tube harvesting and all lysis 

steps were however performed on ice. Prior to cell lysis the cells were on ice for 

at least 4 hours and the likelihood of active cell processes occurring was highly 

unlikely, due to the low temperature slowing, or virtually inhibiting any enzymatic 

reactions. The successful detection of these proteins via Western Blot also meant 

that degradation did not appear evident, except perhaps for pVEGFR2, but it was 

uncertain whether the poor-quality blotting was due to protein degradation or poor 

transfer of proteins during the Western Blot protocol, as previously mentioned. 

Phosphatase inhibitors could easily be incorporated into the cell lysis buffer in 

subsequent experiments.  

 

The number of active angiogenic proteins measured in the angiogenic axis was 

limited to those provided within the CST Angiogenesis Antibody Sampler Kit 

(#8696T) that was purchased to provide the best initial view of the angiogenic 

signalling cascade, with the added benefit that all the antibodies in the kit had 

been optimised for Western blot detection. Other proteins in the angiogenic 

cascade which could have been measured are numerous but may include NOS 

(317,318), SMAD2/3 (256,319–321), neuropillin-1 (322–327), Notch signalling 

(328), ephrins (329–331), Sprouty proteins (332–334)  and angiopoietins (335–

340) . The other tyrosine kinases, such as PDGFR (341,342), IGFR (343–346) 

and EGFR (347)  which feeds into the same signalling  pathways as VEGFR2, 

and have a demonstrable role in ovarian cancer could also have been assessed 

to see whether FXIIIA influenced signalling through these receptors.  

 

Factor XIIIA was not tested on its own as a control in the angiogenic tube 

formation assays. This was omitted as it was thought to be more biologically 

relevant to have both VEGFA and FXIIIA present during the test conditions, as 
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both in theory would be present near OC tumours given the results of the positive 

FXIIIA in OC stroma cores, presented in Chapter 5. VEGFA alone was used as 

a control, to measure the angiogenic response in the absence of FXIIIA, as the 

effects of the variants was the primary objective of these experiments. In future 

assays, FXIIIA could be tested on its own, in the absence of VEGFA, to determine 

the effects on endothelial tube formation, and to determine whether the slowing 

of tube network development was due to active changes due to the presence of 

FXIIIA or due to toxicity of FXIIIA, which was not measured in the assays. Toxicity 

however, is unlikely, given the extent of tube formation demonstrated within the 

assays, but for the sake of thoroughness and future publication, would be a good 

set of experiments to perform.  

 

 

In vitro experiments testing the effects of bevacizumab in the context of the 

angiogenesis assays would have presented an exciting and clinically relevant 

series of tests, especially given the source of patient data and samples from one 

of the principal bevacizumab clinical trials (ICON7). Remnants of bevacizumab 

were acquired for translational research and tested on HUVEC, but bevacizumab 

appeared toxic to cells and results in preliminary tests on the ability of the drug 

to inhibit angiogenic-stimulated proliferation were not consistent and considered 

unreliable. An alternative option for future work would either be to acquire fresh 

bevacizumab or to try one of the “biosimilars” which are currently being developed 

as the pharmaceutical structure of bevacizumab is now out of patent. One of 

these bevacizumab biosimilars, Mvasi (bevacizumab-awwb), was approved by 

the Food and Drug Administration in the United States, for use in non-small cell 

lung cancer, and metastatic cervical, renal and colorectal cancers  (348,349). If 

approved for use in the United Kingdom, it could be used in experiments not only 

limited to those described here.  

 

7.9 Concluding Remarks 

This thesis aimed to build upon the limited work which had explored levels of 

FXIIIA in ovarian cancer (OC). Associations between SNPs within the F13A1 

gene could be used as predictors of survival outcome, in particular the linked 

SNPs 1951G>A and 1954G>C, and perhaps to a greater extent, the SNP 
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103G>T. The SNP 103G>T demonstrated heterozygote advantage in overall 

survival and survival post-progression intervals. This SNP also appeared to 

potentially influence response to platinum-based chemotherapy and the addition 

of the anti-angiogenic agent, bevacizumab. The resulting amino acid change from 

this SNP, V34L, had been linked to other disease types including cancer and 

thrombotic events, due to increased specific activity and crosslink density for Leu-

variants. An exploration of patient tissues identified expression of FXIIIA mainly 

in the stromal tissue of OC and in vitro work established that the migratory 

signalling arm of the angiogenic signalling cascade is likely affected by the 

presence of Leu-variants. This may be why patients with this variant have a better 

prognosis over wildtype patients, as angiogenic recruitment is less successful, 

resulting in smaller tumours which would decrease metastatic potential and may 

be easier to treat. 

 

As with all investigations, the questions and hypotheses which follow this work 

are numerous and this thesis has only scratched the surface of the role V34L 

could be contributing to ovarian cancer prognosis. V34L is worthy of further 

exploration in OC and other cancer types, and may have a bright future as a 

predictor of prognosis. The effects of this SNP, in particular regard to cell 

migration, could further the understanding of the interaction within the 

extracellular matrix and how these interactions lead to OC development, 

maintenance and spread.  
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Appendices 

 

Appendix I: Ethical Approvals for Translational Research 
Projects  
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Appendix II: Script for QuPath 

 
 
  

(1) setImageType('BRIGHTFIELD_H_DAB');

(2) if (!isTMADearrayed()) {

(3)
runPlugin('qupath.imagej.detect.dearray.TMADearrayerPluginIJ

', '{"coreDiameterMM": 1.25,  "labelsHorizontal": "1-16",  "labelsVertical": 
"A-J",  "labelOrder": "Row first",  "densityThreshold": 5,  "boundsScale": 
105}');

(4) return;

(5) }

(6) setColorDeconvolutionStains('{"Name" : "H-DAB KH070819", "Stain 1" : 
"Hematoxylin", "Values 1" : "0.53808 0.70498 0.46203 ", "Stain 2" : "DAB", 
"Values 2" : "0.34208 0.48571 0.80441 ", "Background" : " 239 242 239 "}');

(7) runPlugin('qupath.imagej.detect.tissue.SimpleTissueDetection2', 
'{"threshold": 230,  "requestedPixelSizeMicrons": 4.0,  "minAreaMicrons": 
2000.0,  "maxHoleAreaMicrons": 1000.0,  "darkBackground": false,  
"smoothImage": true,  "medianCleanup": true,  "dilateBoundaries": false,  
"smoothCoordinates": true,  "excludeOnBoundary": false,  
"singleAnnotation": true}');

(8) runPlugin('qupath.imagej.detect.nuclei.PositiveCellDetection', 
'{"detectionImageBrightfield": "Hematoxylin OD",  
"requestedPixelSizeMicrons": 0.01,  "backgroundRadiusMicrons": 8.0,  
"medianRadiusMicrons": 0.0,  "sigmaMicrons": 1.5,  "minAreaMicrons": 
10.0,  "maxAreaMicrons": 400.0,  "threshold": 0.01,  "maxBackground": 2.0,  
"watershedPostProcess": true,  "excludeDAB": false,  
"cellExpansionMicrons": 5.0,  "includeNuclei": true,  "smoothBoundaries": 
true,  "makeMeasurements": true,  "thresholdCompartment": "Nucleus: 
DAB OD mean",  "thresholdPositive1": 0.2,  "thresholdPositive2": 0.4,  
"thresholdPositive3": 0.6,  "singleThreshold": false}');

(9) selectTMACores();
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Appendix III: Full Cox Model for Patients in Not at High Risk of 
Progression Sub-cohort ICON7  

 
 
CP = Carboplatin and Paclitaxel Only, CP+B = CP plus Bevacizumab.  
 
 
 
 
 
 

Lower Upper
Age	at	Diagnosis 1.03 0.01 0.010 * 1.01 1.06

Grade
1 1.00
2 5.14 3.87 0.030 * 1.18 22.46
3 3.26 2.37 0.104 0.78 13.58

FIGO	Stage
I 1.00
II 1.34 0.72 0.586 0.47 3.87
III 6.55 3.26 <0.001 *** 2.47 17.38

Histology
Serous 1.00

Mucinous 2.44 1.19 0.260 0.52 11.54
Endometrioid 1.14 0.46 0.750 0.51 2.53
Clear	Cell 3.16 1.14 0.002 ** 1.55 6.42
Mixed 1.04 0.43 0.917 0.46 2.35
Other 1.54 0.74 0.372 0.60 3.97

Treatment
CP 1.00
CP+B 1.64 0.34 0.017 * 1.09 2.45

103G>T
GG 1.00
G/T 0.73 1.16 0.146 0.48 1.12
TT 1.15 0.49 0.737 0.50 2.66

1694C>T
CC 1.00
C/T 0.98 0.22 0.919 0.63 1.51
TT 0.74 0.28 0.428 0.35 1.57

1951G>A	
+	1951G>C	Haplotypes

GG	+GG 1.00
GG	+	G/C	or	C/C 0.95 0.22 0.814 0.61 1.48

G/A	or	A/A	+	G/C	or	C/C 0.51 0.18 0.062 0.25 1.03
n=295

95%	CI
Sigp-valueStd	ErrorHRCovariate
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Appendix IV: Full Cox Model for Patients At High Risk of 
Progression Sub-cohort ICON7  

 
CP = Carboplatin and Paclitaxel Only, CP+B = CP plus Bevacizumab.  
 
  

Lower Upper
Age	at	Diagnosis 1.02 0.01 0.076 1.00 1.05

Grade
1 1.00
2 2.07 1.71 0.376 0.41 10.42
3 1.67 1.33 0.519 0.35 7.97

FIGO	Stage
I 1.00
IV 1.09 0.25 0.707 0.69 1.71

Histology
Serous 1.00

Mucinous 233.30 343.29 <0.001 *** 13.04 4172.88
Endometrioid 1.27 0.66 0.650 0.45 3.54
Clear	Cell 4.50 2.04 0.001 ** 1.85 10.93
Mixed 0.86 0.33 0.693 0.40 1.83
Other 1.39 0.69 0.505 0.53 3.66

Treatment
CP 1.00
CP+B 0.98 0.22 0.941 0.64 1.51

103G>T
GG 1.00
G/T 0.67 0.19 0.166 0.38 1.18
TT 1.03 0.41 0.948 0.47 2.24

1694C>T
CC 1.00
C/T 1.15 0.28 0.567 0.71 1.85
TT 3.65 1.65 0.004 *** 1.51 8.84

1951G>A	
+	1951G>C	Haplotypes

GG	+GG 1.00
GG	+	G/C	or	C/C 1.01 0.28 0.974 0.64 1.59

G/A	or	A/A	+	G/C	or	C/C 0.99 1.65 0.965 0.50 1.93
n=146

Covariate HR Std	Error p-value Sig 95%	CI
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