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Abstract 

The premalignant pancreatic cellular genotype can remain stable for years before rapid 

malignant transformation, often associated with inflammation. Tissue factor (TF) is an 

inflammatory modulator regulated by factor VIIa (fVIIa) for its levels and activity. The 

presence of TF in PDAC and its role in cell proliferation, angiogenesis, and metastasis suggests 

that TF may be a marker of the inflammatory microenvironment driving precursor lesions of 

pancreatic cancer. This study examined the in vitro influence of TF on pancreatic epithelial 

cells and its clinical value in detecting malignant transformation within pancreatic cyst fluid 

(PCyF). PCyF from 27 patients with pancreatic cystic lesions was analysed in a blinded fashion. 

TF and fVIIa levels were measured (ELISA), and the fVIIa:TF ratios were calculated. A cut-off 

value for TF concentration was determined and compared to the conventional assessment 

parameters (radiological features, CEA and amylase). Patients were categorised into four 

groups based on cytopathology and two groups based on indication for resection (‘resective’). 

Significant histological stage-dependent increases in TF levels were observed. Mean TF 

concentration was significantly higher (p=0.006) in the resective (high-grade dysplasia & 

malignant; 1.17 ng/ml, 95% CI 0.68, 1.67) vs non-resective group (benign & low-grade 

dysplasia; 0.27 ng/ml, 95% CI 0.1, 0.44), with a strong positive correlation (r= 0.746, p <0.001, 

TF cut-off 0.75 ng/ml, AUC 0.877, p=0.002). The fVIIa:TF ratio did not add further value. 

Incubation of pancreatic cells with recombinant TF resulted in increased expression of a 

marker of epithelial to mesenchymal transition (Vimentin). This influence was moderated by 

supplementation with fVIIa in benign (hTERT-HPNE) but not overtly malignant pancreatic cells 

(AsPC-1). Cyst-associated TF levels appear to correlate with cytological progression to the 

malignant phenotype and may allow better discrimination (specificity 94%) of the ‘resective’ 

lesion, reduce healthcare costs and offer a more nuanced tool for monitoring indeterminate 

cystic lesions.  
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Chapter 1 

 

1. General Introduction 
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1.1. Overview 

Pancreatic ductal adenocarcinoma (PDAC) is one of the deadliest epithelial malignancies, 

contributing to the overall increase in cancer deaths due to increased incidence and poor 

prognosis. Survival heavily depends on the disease stage (1, 2), warranting early detection. 

Hypothetically, there is an opportunity for screening within the window of malignant 

transformation of precursor lesions to pancreatic malignancy. It is recognised that the 

evolution of this malignant transformation results from genomic instability caused by somatic 

mutations, chromosomal rearrangements and epigenetic changes that dissociate the affected 

cells from regulatory cycles. Likewise, the strong connection between inflammation and 

pancreatic cancer (PC) development through tumour initiation, progression and metastases 

is also long-established (3). Both tumour-extrinsic and tumour-intrinsic inflammation can 

contribute to malignant transformation. Tissue factor (TF), which initiates the extrinsic blood 

coagulation cascade, is highly expressed in many cancer types, including PC (4-6). High TF 

expression is associated with an increased risk of venous thromboembolism (VTE) (7), where 

inflammation can both be a cause or a consequence of VTE (8-12). Inflammatory cytokines 

strongly induce the expression of TF, and simultaneously TF promotes pleiotropic 

inflammatory responses via protease-activated receptors (PARs) in concert with other 

coagulation factors. In addition, the TF-fVIIa complex plays an important role in intracellular 

non-haemostatic signalling pathways utilised by tumours to increase cell proliferation, 

angiogenesis, metastasis, and cancer stem-like cell maintenance (13, 14). This suggests that 

TF could serve as a diagnostic marker of the inflammatory microenvironment driving 

precursor lesions of pancreatic cancer. By examining the level of TF in fluid samples from 

precursor pancreatic cystic lesions (PCLs), this study aimed to investigate the potential of TF 

as an indicator of malignant transformation and compare it with current conventional assays. 

Furthermore, the study addressed the influence of TF in the modulation of cellular phenotype 

and the underlying mechanisms.  

1.2. Pancreatic cancer 

Cancer of the exocrine pancreas is a relatively rare, highly lethal malignancy; one person dies 

from the disease every hour in the UK (15). It is the 10th most common cancer in the UK, 

accounting for 3% of all new cancer cases. The crude incidence rate in the UK for 2016-2018 



FH 2023 
 

20 
 

is 15.8 per 100,000 population (16). 79% of PC patients are diagnosed at stages III and IV, 

while 21% comprise early stages (stages I and II). The survival rate is relatively low and remains 

constant over time compared with other cancer types. Just 5% of males and females are 

predicted to survive for ten years or more. 5- year survival is 6.5% for men and 7.3% for 

women, which is the lowest of all common cancers and, unfortunately, has not shown much 

improvement since the early 1970s (17). 

Most patients present late, which can be attributed to disease-specific signs and symptoms 

that are rarely apparent until the advanced stage. Potential curative surgery is possible for 

only 15-20% of patients. Most patients eventually relapse, even after potentially radical 

treatment. 30% of individuals who undergo complete (R0) resection of PC with limited nodal 

involvement are most likely to be long-term survivors (18) (Figure 1). An early diagnosis is 

essential for surgery for a favourable prognosis and improved chance of 5-year survival. 

Epidemiological studies have found several environmental factors, including tobacco smoking 

(19), alcohol (20) and high body mass index (30 kg/m2) (21), to be high-risk factors in the 

development of PC (22). Abnormal metabolism of human micro-organisms (23), glucose (24) 

and lipid levels are also crucial in the development of pancreatic cancer. In addition to PC 

predisposition syndromes (e.g., Peutz-Jeghers syndrome, hereditary pancreatitis, familial 

atypical multiple mole melanoma, familial pancreatic cancer, Lynch syndrome, familial breast 

cancer and other Fanconi anaemia genes, familial adenomatous polyposis) (25), the ABO 

blood group (non-O blood group) (26) and cystic fibrosis (27) are among the hereditary risk 

factors. Patients with non-hereditary pancreatitis (28, 29) and pancreatic cysts (30) are also 

at risk of developing pancreatic cancer. 

1.2.1. Pathology of PC 

The normal pancreas contains exocrine and endocrine epithelial cells. Exocrine cells line the 

organised ductal network and converge into the main pancreatic duct, draining into the 

duodenum. The endocrine component comprises Islets of Langerhans and accounts for only 

5% of the pancreas (31). Ductal Adenocarcinoma represents 85-90% of all pancreatic 

neoplasm and is commonly referred to as “pancreatic cancer” or “carcinoma of the pancreas.” 

Exocrine pancreatic tumour classification by the World Health Organisation (WHO) and 

Armed Forces Institute of Pathology (AFIP) is based on the morphologic and histologic  
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Figure 1: Survival according to T category and the number of positive nodes for patients 

undergoing resection of exocrine pancreatic cancer 

 

 

Survival stratified according to the revised AJCC 8th edition TNM staging criteria; T: tumour; 

AJCC: American Joint Committee on Cancer; TNM: tumour, node, metastasis; R0: no residual 

tumour. a- Overall survival by T stage of 525 patients who underwent resection for node-

negative pancreatic cancer, stratified by proposed AJCC 8th edition criteria (training set only). 

b- Overall survival by the number of positive nodes for all patients who underwent an R0 

resection (training set, n = 1551), stratified by proposed AJCC 8th edition criteria. Taken from 

(32) 
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features (33, 34). The classification broadly includes Benign (such as Cystadenoma), 

Premalignant lesions (low-grade dysplasia; LGD or high-grade dysplasia; HGD) and Malignant 

lesions (Table 1). 

Malignant tumours of the pancreas include Ductal adenocarcinoma (85-90%), Intraductal 

Papillary Mucinous Neoplasm (IPMN) with associated invasive carcinoma (2-3%), Mucinous 

Cystic Neoplasm (MCN) with associated invasive carcinoma (1%). Other less common variants 

are solid pseudopapillary neoplasm, acinar cell carcinoma, pancreatoblastoma and serous 

cystadenocarcinoma (Table 1). 

1.2.2. Pancreatic ductal adenocarcinoma 

PDAC are sclerotic, yellow-white, ill-defined and infiltrative masses characterised 

histologically by invasive pancreatic epithelial neoplasm with glandular (ductal) 

differentiation, usually demonstrating luminal or intracellular mucin without a substantial 

component of any other histological type. They have intense stromal desmoplasia, variable 

necrosis, perineural invasion (both within and beyond the pancreas), and microscopic vessel 

and lymphatic invasion (Figure 2). Lymph node spread is present in most resection specimens 

with localised disease. 

Nonneoplastic desmoplastic component (dense stromal fibrosis) accounts for more than 70% 

of the tumour mass and is a hallmark morphological feature of ductal adenocarcinomas, also 

known as fibroinflammatory tumour microenvironment (TME). The stroma, which consists of 

an extracellular matrix and numerous cell types, including inflammatory cells, pancreatic 

stellate cells (PSC), endothelial cells, nerve cells, fibroblasts and myofibroblasts, is 

hypovascular; this creates a barrier to effective drug delivery. The rigid TME also leads to 

aggressive tumour subclones resistant to nutrient deprivation. 

The prognosis for individual patients depends on the extent of spread (Tumour, Node, 

Metastasis, TNM stage (Table 2, Figure 1) and histologic grade of the tumour. For patients 

with unresected PDAs, it is uniformly dismal; however, even in the setting of completely 

resected, node-negative PDAC, most patients still die of their disease (35). Pancreatic 

intraepithelial neoplasia (PanIN) -3 and Stage I disease are considered early PC as they are 

resectable. The development of PDAC is thought to result from a sequence of precursor 

lesions that evolve over time. The genetic timeline from initiation of malignant clone to  
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Table 1: Overview of exocrine pancreatic neoplasm 

Exocrine 

neoplasm 

Entity Further subdivision 

Benign Acinar cell cystadenoma  

Serous cystadenoma  

Pyloric gland adenoma  

Pre-malignant Pancreatic intraepithelial neoplasia, high 

grade 

 

Intraductal papillary mucinous neoplasm  With low-grade dysplasia 

With high-grade dysplasia 

Mucinous cystic neoplasm With low-grade dysplasia 

With high-grade dysplasia 

Malignant Acinar cell carcinoma  

Acinar cell cystadenocarcinoma  

Ductal adenocarcinoma Adenosquamous carcinoma 

Colloid carcinoma 

Medullary carcinoma 

Signet ring cell carcinoma 

Undifferentiated carcinoma 

Undifferentiated carcinoma 

with osteoclast-like giant 

cells 

IPMN with an associated invasive 

carcinoma 

 

Intraductal tubulopapillary neoplasm 

with associated invasive carcinoma 

 

Mixed acinar/ductal/neuroendocrine 

carcinoma 

 

Pancreatoblastoma  

Serous cystadenocarcinoma  

Mucinous cystadenocarcinoma  

Solid-pseudopapillary neoplasm  

Taken from (36) 
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Figure 2: Computed tomography (CT) image and histologic appearance of PDAC 

 

 

a- CT scanner section, after intravenous injection of a contrast medium, showing an 

adenocarcinoma cancer tumour at the head of the pancreas. Taken from (37) 

b- Haematoxylin and Eosin stain sections. [A] Well-differentiated (grade 1) carcinoma 

invading fat. [B] Poorly differentiated (grade 3) carcinoma is desmoplastic and has a 

prominent fibrous stroma. Taken from (38) 
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Table 2: Exocrine PC TNM staging AJCC UICC 8th edition 

Primary tumour (T) 

T category T criteria 

TX Primary tumour cannot be assessed 

T0 No evidence of primary tumour 

Tis Carcinoma in situ. 

This includes high-grade pancreatic intraepithelial neoplasia (PanIN-3), IPMN 

with high-grade dysplasia, intraductal tubule-papillary neoplasm with high-

grade dysplasia, and MCN with high-grade dysplasia. 

T1 Tumour ≤2 cm in greatest dimension 

T1a Tumour ≤0.5 cm in greatest dimension 

T1b Tumour >0.5 and <1 cm in greatest dimension 

T1c Tumour 1 to 2 cm in greatest dimension 

T2 Tumour >2 and ≤4 cm in greatest dimension 

T3 Tumour >4 cm in greatest dimension 

T4 Tumour involves the celiac axis, superior mesenteric artery, and/or common 

hepatic artery, regardless of size 

Regional lymph nodes (N) 

N category N criteria 

NX Regional lymph nodes cannot be assessed 

N0 No regional lymph node metastasis 

N1 Metastasis in one to three regional lymph nodes 

N2 Metastasis in four or more regional lymph nodes 

Distant metastasis (M) 

M category M criteria 

M0 No distant metastasis 

M1 Distant metastasis 
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Prognostic stage groups 

When T is... And N is... And M is... Then the stage group is... 

Tis N0 M0 0 

T1 N0 M0 IA 

T1 N1 M0 IIB 

T1 N2 M0 III 

T2 N0 M0 IB 

T2 N1 M0 IIB 

T2 N2 M0 III 

T3 N0 M0 IIA 

T3 N1 M0 IIB 

T3 N2 M0 III 

T4 Any N M0 III 

Any T Any N M1 IV 

 

Taken from (18). 
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metastatic disease is nearly two-decade, providing early detection opportunities. A specific 

and sensitive biomarker of these precursor lesions with malignant potential would be 

invaluable in detecting early malignancy, as current confirmatory PC diagnosis relies upon 

costly and invasive procedures. 

Screening programmes like the European Registry of Hereditary Pancreatitis and Familial 

Pancreatic Cancer (EUROPAC) exist for individuals with a strong family history or genetic 

predisposition. However, an effective test is still required for those who develop sporadic 

disease. 

1.3. Precursors of invasive ductal adenocarcinoma 

PDAC, the most common type of cancer in the pancreas, accounts for over 90% of pancreatic 

cancers and has a distinct molecular profile. By combining early molecular profiling with 

histology, researchers have developed a hypothetical pathological progression model similar 

to the adenoma-carcinoma model in colon cancer (39). According to this model, intraductal 

precursors undergo a progression from low- to high-grade lesions, acquiring genetic 

abnormalities and increasing cytological atypia, ultimately leading to invasive 

adenocarcinomas. There are two recognised pathways to invasive pancreatic cancer, each 

with its own frequency, natural history, and genetic characteristics. The most commonly 

observed precursor lesions are pancreatic intraepithelial neoplasias (PanINs), which are 

microscopic and cannot be detected through abdominal imaging scans (40). On the other 

hand, cystic mucinous neoplasms of the pancreas, particularly intraductal papillary mucinous 

neoplasms (IPMNs), are macroscopic precursors that develop in the main pancreatic duct or 

its branches and can be monitored for progression using imaging techniques (41). 

Approximately 85%–90% of PDAC cases are believed to arise from PanIN lesions, while the 

remaining 10%–15% originate from cystic precursors, including intraductal papillary mucinous 

neoplasms (IPMNs) and mucinous cystic neoplasms (MCNs) (42).  

Among these cysts, IPMNs are the most common and can be classified broadly based on their 

location and extent within the pancreas as main-duct (MD-IPMN), branch-duct (BD-IPMN), or 

mixed type (MT-IPMN) (43). MD-IPMNs account for 15%–21% of all IPMNs and are often 

found in the pancreatic head. They are characterised by a segmental or diffuse dilation of the 
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main pancreatic duct (MPD) with a diameter greater than 5 mm after excluding other causes 

of ductal obstruction (44). 

On the other hand, BD-IPMNs comprise 41%–64% of IPMNs and can occur throughout the 

pancreas, with a preference for the uncinate process. They are frequently multifocal and 

typically described as either unilocular or exhibiting a grape-like/multilobulated arrangement 

that communicates with the MPD. MT-IPMNs meet the criteria for both MD-IPMN and BD-

IPMN and account for 22%–38% of all IPMNs. Unsurprisingly, the incidence of PDAC 

associated with IPMNs can vary depending on the subtype. PDAC is reported in 11%–80% of 

MD-IPMNs and 20%–65% of MT-IPMNs (45, 46). 

Due to the high likelihood of malignancy, patients with MD-IPMNs or MT-IPMNs are often 

recommended to undergo surgical resection. However, malignant transformation of BD-

IPMNs is observed in 1%–36% of surgical resections (44). It is important to note that these 

statistics are based on surgical data, which may overestimate the malignant potential of BD-

IPMNs. Additionally, distinguishing BD-IPMNs from other pancreatic cysts based on 

preoperative clinical, radiographic, and pathological findings can be challenging. Benign 

neoplastic and non-neoplastic cysts, such as serous cystadenomas and lymphoepithelial cysts, 

can mimic BD-IPMNs before surgery (47, 48). 

Consequently, accurate diagnosis of BD-IPMNs and identification of high-grade dysplasia 

and/or microscopic PDACs originating from BD-IPMNs have been key areas of focus for early 

detection efforts. Patients with an IPMN face an increased risk not only for IPMN-associated 

PDAC but also for PDAC unrelated to the IPMN (known as concomitant carcinomas). The 

reported incidence of concomitant carcinomas in IPMN patients ranges from 2% to 11.2% (44). 

Therefore, detecting concomitant carcinomas is also a crucial aspect of early detection 

strategies. 

IPMN, MCN and PanIN fulfil the five criteria (Table 3) established to define a cancer precursor 

by the National Cancer Institute-sponsored consensus conference (49). For e.g., PCLs are 

associated with an increased incidence of pancreatic cancer, 22.5 times greater (50), identical 

gene mutations were demonstrated at the molecular level (49, 51, 52), the epithelium in all 

three lesions differs architecturally and cytologically the from the normal ductal epithelium 

(49), the neoplastic epithelium has not penetrated through the basement membrane, and  
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Table 3: National cancer institute working group criteria for precursors to invasive cancer 

 

1 The precursor to invasive cancer must be associated with an increased risk of the 

cancer 

2 When a precursor to invasive cancer progresses to cancer, resulting cancer arises 

from cells within the precancer 

3 A precursor to invasive cancer should differ from the normal tissue from which it 

arises 

4 A precursor to invasive cancer should differ from the cancer into which it develops 

5 There should be a method by which the precursor to invasive cancer can be diagnosed 

Taken from (53) 
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they are all diagnosable by light microscopy (49). Table 4, Table 5 and Table 6 outline the 

features of these precursor lesions (53) (Figure 3). 

1.3.1. Pathological features of precursor lesions 

1.3.1.1. IPMN 

IPMNs are neoplasms that originate in the main pancreatic duct or its branches and produce 

mucins (54). Noninvasive IPMNs can be classified into two clinical subtypes: those mainly 

involving the main duct and those predominantly affecting a branch duct (55). The terms 

"mixed-type" or "combined-type" IPMN are used when both the main and branch ducts are 

involved (56). Main duct IPMNs typically display more severe epithelial dysplasia and are 

more frequently associated with infiltrating adenocarcinoma than branch duct IPMNs (57, 58). 

However, there is a significant overlap between these two subtypes. 

Based on the predominant direction of differentiation within the lining epithelium, IPMNs can 

also be categorised as gastric foveolar, intestinal, or pancreaticobiliary subtypes (58). Main 

duct IPMNs are often larger in size and exhibit an intestinal or pancreaticobiliary subtype in 

their lining epithelium. Branch duct IPMNs, on the other hand, are usually relatively small and 

predominantly of the gastric foveolar subtype. The intestinal subtype of IPMN typically shows 

increased expression of MUC2, while the pancreaticobiliary subtype expresses MUC1. The 

gastric foveolar subtype is characterised by MUC5AC expression and the absence of MUC1 or 

MUC2 expression (59, 60). CDX2, a crucial transcription factor in intestinal development, is 

expressed in the majority of IPMNs of the intestinal subtype, indicating the existence of an 

intestinal differentiation pathway for some IPMNs. In contrast, IPMNs of the 

pancreaticobiliary subtype, as well as pancreatic intraepithelial neoplasia (PanIN), which also 

tend to be MUC1 positive, lack CDX2 expression (61, 62). 

The key pathological features of clinical relevance in IPMNs are the degree of dysplasia and 

the presence or absence of invasive carcinoma. The architectural and cytological atypia is 

used to subclassify IPMNs into low-grade, intermediate, and high-grade dysplasia; low and 

intermediate dysplasia are now both grouped as LGD, and HGD is characterised by complex 

architectural features (i.e. irregular branching, cribiforming) with loss of nuclear polarity along 

with increased nuclear hyperchromasia and nuclear irregularities. IPMNs are often associated 

with PanINs and chronic pancreatitis (63). Approximately one-third of IPMNs have a co- 
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Table 4: Common precursor lesions in the pancreas 

Feature IPMN MCN PanIN 

Predominant Age  In the 60's 40-50 years Increases with age 

Gender  Male > female Female ≫ male Male = Female 

Head vs body/tail  Head Body/tail Head >Body/Tail 

Cyst Contents  Mucoid Mucoid N/A 

Stroma Ovarian-type  Collagen-rich Ovarian-type Collagen-rich 

Multifocal disease  In 20-30% Very rare Often 

Adapted from (53) 
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Table 5: Radiology description 

Radiographic features MCN IPMN 

CT appearance 
Well-demarcated thick-walled multilocular 

mass composed of large (1-3 cm) cysts 

A dilated main pancreatic duct or a collection of 

multilocular grape-like cysts that represent dilated 

branch ducts 

Mural nodules 
Common with an associated invasive 

carcinoma, it may have calcification 
May demonstrate on ERCP 

Pancreatic ducts 
Displaced or compressed pancreatic duct, 

and in the vast majority of cases 

Dilated pancreatic duct and filling defects caused by 

intraluminal mucous plugs or papillary projections of 

the neoplasm itself 

Relation of the cysts to large ducts Do not communicate Communicates 

Mucin oozing from ampulla at 

endoscopy 
No 

Mucin extruding from a patulous ampulla of Vater is a 

classic, almost diagnostic feature 
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Table 6: Molecular features of precursor lesions of pancreatic cancer 

Genetic alteration IPMN MCN PanIN 

KRAS + (more common in gastric subtype) + (in low and high-grade) + (in low and high-grade) 

GNAS + (more common in intestinal subtype) - - 

P16/CDKN2A + (in high-grade) Aberrant methylation in minority + (high-grade) 

TP53 + (in high-grade) + (high-grade) + (high-grade) 

SMAD4 + associated with invasive carcinoma + (high-grade) + (high-grade) 

BRCA2   + (high-grade) 

LKB + in 25%   

PIK3CA + 10%   

 

Taken from (36).
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Figure 3: Radiological appearance of precursor lesions of pancreatic cancer 

 

 

 

Example of imaging; a- CT scan of main duct IPMN, revealing a markedly dilated pancreatic duct with 

parenchymal atrophy; b- MRCP showing mixed-type IPMN. There are multiple dilated branch ducts 

and a moderately dilated main pancreatic duct in the pancreatic body region; c- CT scan of MCN. 

Taken from (64) 
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existing invasive adenocarcinoma (65), with colloid adenocarcinomas and ductal adenocarcinomas 

being the most common types. Colloid adenocarcinomas are characterised by abundant extracellular 

mucin pools containing floating neoplastic epithelium (66). They are typically associated with 

intestinal IPMNs expressing MUC2, while ductal adenocarcinomas are linked to pancreaticobiliary 

lesions expressing MUC1. Gastric IPMNs rarely progress to malignancy, which supports a 

conservative approach for most branch duct IPMNs where the neoplastic epithelium is typically 

present (62). However, considering the substantial difference in 5-year survival between patients 

with noninvasive and invasive IPMNs (90% versus 50%, respectively)(67), careful histopathological 

examination of the entire specimen is necessary to rule out the presence of invasive components. 

1.3.1.2. MCN 

MCNs are the least common among the three known precursor lesions of pancreatic cancer. For 

instance, low-grade PanINs are highly prevalent and can be found in up to 50% of pancreata in 

individuals over 65 years of age (68). The exact prevalence of mucinous cysts is challenging to 

determine, but some studies suggest that their prevalence is approximately half that of IPMNs (67). 

It is essential to note that MCNs are characterised by two components—an epithelium that produces 

mucin and a dense stroma similar to that of the ovary located beneath the lining epithelium. In fact, 

the presence of ovarian-like stroma is a requirement for diagnosing an MCN. The contents of an MCN 

cyst typically consist of fluid rich in mucin or haemorrhagic fluid. 

Histologically, the lining epithelium of an MCN is composed of columnar cells that produce mucin 

and exhibit varying degrees of dysplasia (69). MCNs with low-grade dysplasia display minimal 

architectural and cytological changes. The lining cells contain abundant mucin, and their nuclei are 

basally oriented. These cells strongly express MUC5AC antibodies. In MCNs with intermediate 

(moderate) dysplasia, the nuclei lose polarity and exhibit variations in morphology and size. MCN 

lesions with high-grade dysplasia (carcinoma in situ) demonstrate significant architectural and 

cytological abnormalities. A notable feature that can be observed in the cyst lining is a sharp 

transition between areas of severe and mild dysplasia. As mentioned earlier, the presence of an 

ovarian-like stroma beneath the neoplastic epithelium is a diagnostic hallmark of MCNs (70). The 

stroma expresses progesterone and oestrogen receptors and can even undergo luteinisation, similar 

to the stroma found in the actual ovary. 
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Similar to IPMNs, approximately one-third of reported MCNs are associated with invasive 

adenocarcinoma, usually of the ductal type (67). However, the percentage of MCNs associated with 

invasive cancer may be declining due to changing diagnostic criteria, particularly the strict 

requirement for the presence of an ovarian-like stroma. Patients who undergo resection for an MCN 

with associated invasive cancer have a 5-year survival rate of 50–60%. In contrast, patients who 

undergo resection for a noninvasive MCN typically have an excellent prognosis, with a disease-

specific 5-year survival rate of nearly 100% (71, 72). The favourable survival outcome for surgically 

resected MCNs compared to surgically resected IPMNs is attributed to the fact that MCNs are usually 

unifocal lesions. Identifying the presence of an invasive component is crucial in the resection 

specimen since noninvasive MCNs, including those with severe dysplasia, are typically cured 

following surgical resection (69, 71, 72). 

1.3.1.3. PanINs 

PanINs are microscopic incidental lesions that cannot be clinically or radiologically visualised, making 

them unsuitable for fine needle aspiration biopsy. Typically measuring less than 0.5 cm, PanINs are 

too small to be detected through radiologic imaging. The earliest precursor lesion, PanIN 1A/low 

grade, consists of flat epithelium composed of tall columnar mucin-producing cells with small round 

to oval nuclei at the base. These cells exhibit minimal cytologic atypia. PanIN 1B/low grade is similar 

to PanIN 1A but exhibits papillary, micropapillary, or basally pseudostratified architecture. PanIN 

2/low grade is characterised by flat to papillary mucinous epithelial proliferation with focal or mild 

nuclear abnormalities, including loss of polarity, nuclear enlargement, nuclear crowding, 

hyperchromatism, and pseudo stratification. Rare mitoses may be present, but they are not apical or 

atypical. 

PanIN 3/high grade/carcinoma in situ predominantly displays a papillary or micropapillary 

architecture, rarely appearing flat. It exhibits cribiforming, tufting patterns, and luminal necrosis, 

which suggest PanIN 3. Cytologically, these lesions show a loss of polarity, dystrophic mucinous cells, 

enlarged irregular nuclei with prominent (macro) nucleoli, and an increased presence of mitotic 

figures, including atypical forms. Only lesions of the carcinoma in situ type are classified as PanIN 

3/high grade (73). According to the WHO classification, PanIN 1A, 1B, and PanIN 2 are grouped as 

low-grade PanIN, while PanIN 3 is classified as high-grade PanIN (Figure 4, Figure 5).  
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Figure 4: Histopathological features of the precursor lesions of pancreatic cancer 

 

 

Histopathological morphology of PDAC precursor lesions. Dysplasia increases with the accumulation 

of genetic drivers during precursor progression. Taken from (74) 
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Figure 5: Histological stages in PDAC progression 

 

 

 

The progression from normal pancreatic ductal epithelium to low-grade, then high-grade dysplastic 

pancreatic intraepithelial neoplasias (PanINs) to invasive adenocarcinoma, with accompanying 

genetic alterations, is shown. Histologically normal ductal epithelium may bear KRAS activating 

mutations. Low-grade PanINs bear the earliest somatic changes of KRAS oncogene activation and 

telomere shortening. High-grade PanINs accumulate inactivation of the cell cycle regulatory tumour 

suppressor genes TP53, cyclin-dependent kinase inhibitor 2A (CDKN2A) and/or SMAD4. Invasive 

adenocarcinomas have more structural and copy number variants, including complex processes such 

as chromothripsis and polyploidisation. ECM, extracellular matrix. Taken from (75). 
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1.3.1.4. Recommended terminology for PCLs  

• For PanIN: 

o Low-grade PanIN 

o High-grade PanIN (“carcinoma in situ”, according to local usage) 

• For tumour-forming intraepithelial neoplasms (IPMN and MCN) 

o IPMN/MCN, low-grade 

o IPMN/MCN, high-grade 

o IPMN (and MCN), high-grade, may be further classified with the relevant local usage 

such as “carcinoma in situ” in parenthesis. 

• For cases that also have an associated invasive carcinoma 

o IPMN/MCN, ___ grade, with an associated invasive carcinoma 

o Invasive carcinoma with an associated IPMN/MCN may also be used. 

When reporting cases of IPMN and MCN, it is suggested to follow a specific order for consistent and 

clear documentation (Table 7). The reporting should begin with the entity name (IPMN or MCN), 

followed by the grade, and then the morphologic type (gastric, intestinal, pancreaticobiliary, or 

oncocytic) (58). If relevant, the involved portion of the ducts (main or branch) should be mentioned, 

along with the size of the lesion. 

The determination and documentation of the presence or absence of an associated invasive 

carcinoma is of utmost importance. If an associated invasive carcinoma is present, the pathology 

report should provide separate and clear descriptions of the detailed characteristics of the precursor 

lesion (IPMN or MCN) and the invasive components (type, grade, size, and stage). While using the 

terminology "IPMN or MCN with associated invasive carcinoma" is recommended, it is also 

acceptable to use "Invasive carcinoma with associated IPMN/MCN" to prioritise reporting the 

biologically more significant lesion first. 

Following the WHO 2010 recommendation, it is advised to avoid terms such as "invasive IPMN/MCN," 

"malignant IPMN/MCN," or "mucinous cystadenocarcinoma." The literature has used these terms to 

describe a wide range of neoplasms, from precursors with high-grade dysplasia to invasive carcinoma.  
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Table 7: Proposed Revised Terminology of PanIN, IPMN and MCN 

Former terminology (based on the 2004 

Classification and 2010 WHO) 

Revised terminology (2015) 

PanIN-1a Low-grade PanIN 

PanIN-1b Low-grade PanIN 

PanIN-2 Low-grade PanIN 

PanIN-3 (carcinoma in-situ) High-grade PanIN 

IPMN with low-grade dysplasia IPMN, low-grade 

IPMN with intermediate-grade dysplasia IPMN, low-grade 

IPMN with high-grade dysplasia (carcinoma 

in situ) 

IPMN, high-grade 

IPMN with an associated invasive 

carcinoma 

IPMN with an associated invasive 

carcinoma/invasive carcinoma with an 

associated IPMN (the latter may be used if 

the invasive component is substantial) 

MCN with low-grade dysplasia MCN, low-grade 

MCN with intermediate-grade dysplasia MCN, low-grade 

IPMN with high-grade dysplasia (carcinoma 

in situ) 

MCN, high-grade 

MCN with an associated invasive carcinoma MCN with an associated invasive 

carcinoma/invasive carcinoma with an 

associated MCN (the latter may be used if 

the invasive component is substantial) 

Taken from (73) 
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However, they are non-specific and can lead to clarity and help accurate data comparison across 

different medical centres. 

1.4. Evolution of pancreatic cancer 

PDAC evolves through specific steps of progression within a hostile fibroinflammatory 

microenvironment (Figure 6). Two evolution models have been proposed; first, a stepwise 

progression model (76), where malignancy develops over the years; here, a higher degree of 

precursor dysplasia is associated with a higher accumulation of genetic alterations. Second is the 

punctuated evolution progression model (77) (Figure 7), characterised by rapid tumour development 

and dissemination due to simultaneous driver gene inactivation and complex chromosomal 

rearrangements. PDAC is driven by activation of the rat sarcoma (RAS) (KRAS mutation (78)) and 

transforming growth factor (TGF) β (SMAD4 mutation (79)) signalling pathways; cancer growth is 

subsequently facilitated by the disruption of the G1/S cell cycle checkpoint machinery with CDKN2A 

and TP53 (80) deletions and, in a few cases, by disruption of deoxyribonucleic acid (DNA) repair 

through homologous recombination deficiency (HRD) or mismatch repair deficiency (MMRD). The 

oncogenic point mutations can be aggregated in 13 canonical molecular pathways that include RAS 

signalling, regulation of the G1/S cell cycle phase transition, TGFβ signalling, JUN amino-terminal 

kinase (JNK) signalling, integrin signalling, Wingless/Integrated (WNT)–Notch signalling, hedgehog 

signalling, apoptosis, DNA damage control, small guanosine triphosphate (GTP)ase dependent 

signalling, invasion and homophilic cell adhesion (81) and embryonic regulators of axon guidance (82). 

Time from the first somatic mutation to the origin of the parental invasive cell is estimated to be 10-

12 years (83), and from then to the origin of index metastatic cell 6-7 years (84).  

Activating Kirsten rat sarcoma virus (KRAS) mutations represent one of the earliest genetic events 

during neoplastic transformation and are present in approximately 90% of PDACs (85). The KRAS gene 

product participates in the signal transduction pathways to help epithelial cells cope during stressful 

conditions (86, 87); the KRAS signalling activates several adaptations that promote growth, survival 

and neoplastic transformation of both native and metaplastic ductal epithelial cells. These cells often 

persist as microscopic in situ PanIN or undergo neoplastic cytogenesis in IPMN in association with 

guanine nucleotide binding protein (GNAS) (88, 89). In PanINs that persist, the mutated epithelial 

cells secrete protective fibroinflammatory cytokines and construct a localised rim of 

fibroinflammatory tissue around mutated epithelial cells that allows the mutated cells to persist even  
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Figure 6: Precursors of pancreatic cancer 

 

PDAC can arise from the progression of IPMN (top) or PanIN (bottom). It is not known whether early 

IPMNs (incipient IPMNs) originate from low-grade PanIN or develop independently from normal 

pancreatic ducts or other pancreatic cell lineages. Red and blue circles indicate oncogenes and 

tumour-suppressor genes, respectively. The precise timing of RNF43 mutations and the order 

of GNAS and KRAS mutations have not been fully established. IPMN, intraductal papillary mucinous 

neoplasm; PanIN, pancreatic intraepithelial neoplasia. Taken from (90). 
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Figure 7: Stepwise model versus punctuated model of PDAC progression 

 

 

 

The hypothetical accumulation of somatic events over time as a pancreatic cell undergoes dysplasia, 

including structural (chromothripsis) and simple somatic mutations under a punctuated model (top), 

a stepwise model (bottom) or a hybrid model (middle). Adapted from (75) 
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without inflammation (91). This fibroinflammatory rim favours the survival of epithelial cells with 

mutant KRAS; the mutated cells also secrete paracrine signals to maintain this rim. KRAS mutation is 

weakly oncogenic and displays morphological features of LGD (73). However, it acts as a portal for 

stepwise (86) or punctuated acquisition (77) of additional driver gene alterations in precursors, 

including mutations and/or allelic losses targeting specific tumour suppressor genes (most commonly 

CDKN2A (92, 93), TP53 (94), and SMAD4 (95)). Inactivation of CDKN2A and TP53 eliminates cell cycle 

checkpoints that defend against genome instability. Mutation and/or loss of SMAD4 (40-55%) favours 

survival from the lethal aspects of stromal TGFβ when neoplastic cells undergo epithelial-to-

mesenchymal transition (EMT) and/or migrate through stromal matrix barriers (96, 97). Thus, the 

inactivation of cell cycle checkpoints, induction of epigenetic instability and enhanced mobility 

produce the features of HGD and subsequent malignant transformation. 

The invasion of the primary tumour is initiated through the parental clone (84). On invasion, they 

activate the resident PSCs, secrete extracellular matrix and recruit inflammatory cells (98). This 

constitutes the desmoplastic stroma. The activated PSCs proliferate and differentiate into two 

distinct types of cancer-associated fibroblasts, including myofibroblast-type fibroblasts (myCAFs) 

that secrete densely collagenous extracellular matrix and inflammatory-type fibroblasts (iCAFs) (99). 

iCAFs enhance the fitness of the PDAC cells by secreting growth factors and immunosuppressive 

cytokines (100). Myeloid-derived suppressor cells (101), immunosuppressive cytokines (102, 103), 

stromal matrix deposition (104) and endocytosis of PDAC neoantigens (105, 106) all contribute to the 

tumour defence and PC progression. 

1.5. Inflammation and cancer- “the wound that never heals.” 

Inflammation is a process that involves the activation, recruitment, and action of cells of innate and 

adaptive immunity (107). While its primary function is to protect the host from pathogens, it also 

plays a role in tissue repair, regeneration, and remodelling. In recent years, the contribution of the 

immune system and inflammation to cancer development, progression, and therapy has gained 

significant interest. Cancer biology has shifted from focusing on cancer cells to a more inclusive view 

that considers the entire TME, which includes stromal cells, fibroblasts, and inflammatory immune 

cells. Inflammation has a significant effect on the composition of the TME and can shape the TME 

toward a more tumour-permissive state. The immune system can play both pro- and anti-tumorigenic 

roles at all stages of tumorigenesis (108-110). The pro-tumorigenic role of the immune system in 



FH 2023 
 

45 
 

cancer plays a distinct role during tumour initiation, promotion, and progression, referred to as 

"cancer-promoting inflammation." 

Inflammation that occurs before or during tumour development is influenced by a range of 

environmental factors, which can contribute to the onset and progression of cancer. 15-20% of all 

cancers are preceded by infection, chronic inflammation or autoimmunity at the same tissue or organ 

site (111). Even non-inflammatory cancers can alter the TME and promote tumour growth by 

recruiting immune cells and increasing the expression of inflammatory mediators, a process called 

tumour-elicited inflammation (Figure 8) (111, 112). 

1.5.1. The origins and triggers of inflammation in the process of cancer development 

Ground zero inflammatory responses in cancer can be induced by various causes and stimuli. Loss of 

tumour suppressors, such as TP53, can lead to increased expression of nuclear factor (NF)-kB-

dependent inflammatory genes (113) and trigger DNA-damage-induced inflammatory pathways 

(114). Oncogene activation (KRAS) can also lead to excessive production of inflammatory cytokines, 

chemokines and recruitment of myeloid cells (115). Recognition of cancer-inducing pathogens (e.g., 

H. pylori, Hepatitis B and virus, human papillomavirus) (116), commensal microbiota (e.g., Th17 

responses in chronic pancreatitis (117)), and cell death (118) can also trigger innate inflammatory 

responses. These mechanisms all contribute to tumour progression and metastasis. As inflammation 

is often wired to be induced during oncogenic transformation, it is often pre-encoded in the genetic 

and transcriptional programs necessary for cancer. 

1.5.2. Inflammation and Tumour Initiation 

The initiation of tumours requires two main interdependent events. The first event leads to the 

accumulation of mutations and/or epigenetic changes in genes and signalling pathways involved in 

tumour suppression (inactivation) and oncogenic pathways (activation). This process can be caused 

by environmental factors and inherent errors in DNA repair and replication. Inflammatory responses 

can also lead to increased mutagenesis, accumulating mutations in normal tissue (119). Inflammatory 

cytokines such as interleukin (IL)-22 can trigger the expression of DNA damage response (DDR) genes 

that protect against potential genotoxic harm caused by inflammation. This mechanism is believed 

to be an evolutionary adaptation to the mutagenic effects of inflammation (120). The second event 

involves the creation of transformed and/or malignant clones, which should be followed by their 

outgrowth into a tumour. Inflammatory mechanisms can contribute to this process, such as cytokine  
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Figure 8: Mechanisms at play with inflammation that affect tumour growth 

 

 

 

Inflammatory entities, such as cytokines and growth factors, released by immune cells within the 

TME can directly affect pre-malignant and cancer cells by increasing their proliferation and resistance 

to cell death and stresses, thereby directly promoting tumour growth and progression. This can be 

caused at different time points of cancer development. In addition, inflammatory signals can shape 

TME to induce immunosuppression via the action of regulatory T-lymphocytes (Treg), immature 

myeloid cells and other suppressive players; to enhance recruitment, proliferation, and distinct 

functions of other pro-tumorigenic auxiliary cells within the TME (such as fibroblasts, myeloid cells, 

and endothelium of new blood vessels); and to alter mechanical and metabolic functions of TME. 

Altogether, these inflammation-driven changes also significantly contribute to tumour growth and 

progression. Adapted from (3) 
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receptor signalling in mutated cells that might converge at the induction of pro-survival pathways, 

particularly mediated by NF-κB, signal transducer and activator of transcription (STAT) 3, and other 

types of signalling (121, 122), thereby increasing the survival probability of transformed clones or 

enabling proliferation. Inflammation and injury trigger cell turnover in tissues, creating space for 

malignant clones' outgrowth (118). This is especially evident in liver and skin cancer, where the death 

of normal cells is required for compensatory proliferation of neighbouring transformed clones, 

thereby creating a scenario where inflammation-induced tissue injury and cell death are necessary 

for tumour outgrowth (Figure 9). 

Chronic inflammation can trigger tissue damage, weaken barrier function, expose the stem cell 

compartment to environmental carcinogens, or bring stem cells to close proximity to active 

inflammatory cells producing genotoxic compounds. In microbial-rich cancer, such as colon cancer, 

enhanced inflammation can shape the qualitative characteristics of epithelial-adhesive microbiota, 

enriching the content of species harbouring genotoxic gene products, such as colibactin in some 

strains of Escherichia coli (E.coli), capable of inflicting mutations in host cells. Inflammatory signals 

might increase fitness and reduce the expression of "stress ligands" on cancer cells, which is required 

to recognise and eliminate the tumour cells (91) properly. The issue of inflammation-driven cell 

survival might also be important in the context of cancer immunosurveillance and the tumour 

elimination phase of mutated and stressed cells. Signals activating STAT3 protect epithelial cells from 

cluster of differentiation (CD)8 T cytotoxic cell attack (123), and signalling by interferon (IFN)γ, albeit 

a typically anti-tumorigenic cytokine, upregulates the expression of T cell exhaustion-inducing 

molecule programmed death ligand 1 (PD-L1) on the transformed epithelium, which is recognised by 

T cells. 

1.5.3. Inflammation and Tumour Promotion 

The relationship between inflammation and cancer has been extensively studied, and it is widely 

recognised that inflammation can promote tumour growth. The molecular and cellular mechanisms 

underlying this process have been identified through preclinical animal models of inflammation and 

cancer. Inflammation can serve as a direct growth factor for tumours, and inflammatory factors also 

shape cell plasticity within the TME, affecting tumour growth in at least three distinct ways. 

Inflammatory signals can antagonise anti-tumour immunity and promote tumour auxiliary functions 

such as angiogenesis and recruitment of stromal cells, which exert tumour-supporting functions.  
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Figure 9: Pro-tumorigenic actions of inflammation in progression, metastasis, and growth 

 

a- Various cell intrinsic, host-dependent or environmental factors can cause tumour-associated 

inflammation in different tumour types. b- Activation of inflammatory responses due to injury, 

infection or tissue disruption can lead to the expansion of the stem cell pool via stem cell proliferation 

or epithelial cell de-differentiation into stem cells. This process, called “Regeneration, “is designed to 

normalise epithelium and its barrier function. However, if stem cells already have oncogenic 

mutations, expanding the stem cell pool can lead to enhanced metastasis and therapy resistance. 

Inflammatory stimuli regulate the emergence of these stem cells, affecting tumour progression, 

metastasis, and resistance. Here the case of colon cancer is used as an example, but the concept can 

apply to other cancers with activated inflammatory pathways. Adapted from (3). 
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Additionally, through modulation of TME, inflammatory signals alter mechanical and metabolic 

properties of stromal and tumour cells, affecting the availability of key metabolites involved in amino 

acid and redox metabolism. 

NF-kB, a master regulator of cytokine expression, plays a significant role in inflammation-induced 

tumour growth by promoting survival and proliferation in epithelial and cancer cells and chemokine 

expression, which is essential for cell recruitment and reshaping TME. NF-kB-dependent cytokines 

confer unique and non-redundant roles in tumour growth, and their inactivation reduces tumour 

growth (124). Inflammatory cytokines such as IL-6, IL-17, and IL-11 can cause signalling that promotes 

the growth of tumour cells, particularly in the suboptimal conditions that exist in the body, including 

hypoxia, lack of nutrients, absence of growth factors, and the suppression of anti-tumour immunity. 

Insights into how inflammation drives tumour growth are important for the development of new 

therapies for cancer. Inhibition of inflammation can stall tumour growth and further progression, 

widening the opportunity for early detection of cancers. 

1.5.4. Inflammation, Tumour Progression, and Metastasis 

Inflammation plays a critical role in the regulation of metastasis, the spread of cancer cells from the 

primary tumour to distant organs. Prolonged use of aspirin reduces overall mortality, especially of 

gastrointestinal cancers and distant metastasis (125). Mechanisms showing how inflammation might 

affect the metastatic process have recently emerged. The method of metastasis starts with the 

invasion of cancerous cells away from the epithelial layer into the neighbouring tissues and acquiring 

the EMT phenotype (126). Cancer stem cells (CSC), as opposed to bulk tumour cells, are more efficient 

in their capacity to serve as metastatic seeds (127). Inflammation influences cancer invasion, EMT, 

and cell migration on several levels. Cytokines can directly affect the expression of EMT-inducing 

transcription factors (EMT-TFs) (128, 129). Increased accumulation of cytotoxic T and natural killer 

cells at the invasive margin of the primary tumour and decreased presence of myeloid cells correlate 

with better prognosis (130). It becomes increasingly clear that the number and proportion of CSC in 

the tumour are not constant. Instead, various stimuli, including prominent inflammatory signalling 

via transcription factors (NF-kB and STAT3) in cancer cells, can drive their stemness and elevate the 

invasive potential (131). Inflammatory cells such as monocytes and neutrophils play a key role in the 

process of adhesion and extravasation of metastatic cancer cells, forming complexes with the cancer 

cells and aiding their passage throughout the vessel wall. Inflammatory cytokines are potent inducers 
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of integrins, selectins, and adhesion molecules such as vascular cell adhesion molecule (VCAM)-1 and 

intercellular adhesion molecule (ICAM)-1. Furthermore, specific inflammatory signals, such as those 

produced by obesity, microbes or tobacco smoke, can increase the rate of metastasis via induction 

of neutrophil activation and increased neutrophil-cancer cell interactions mediated by neutrophil 

extracellular traps (NETs) (132). Thus, the inflammatory response is an essential mediator of tumour 

development, promoting cancer progression and providing novel therapeutic targets for cancer 

treatment. 

1.5.5. Inflammation and Cell Plasticity within the Tumour Microenvironment 

The plasticity of cells in the TME is a relatively new concept in cancer research. Cells within the TME 

exhibit cell polarisation driven by different transcriptional programs, which allows them to acquire 

the functions necessary for tissue regeneration and tumour development. Plasticity allows the 

transition of cells from one state to another, such as the EMT and mesenchymal-to-epithelial 

transition (MET) during metastasis. Cancer cells are not the only cells subject to plasticity. Other cell 

types in the TME also engage in reciprocal signals of activation, inhibition, and differentiation to drive 

plasticity. Cancer-associated fibroblasts (CAF) can be both pro- and anti-tumorigenic (133), 

depending on their proximity to cancer cells and their response to different signals to IL-1R or TGFβ 

(99). They can provide differentiation, growth factor, survival, and metabolic cues to cancer cells, 

maintain cancer stem cell niche (134-136), and drive immunosuppressive phenotypes (137, 138). 

Myeloid cells also present a high degree of plasticity regulated by the TME. Tumour-cell-derived 

factors can polarise macrophages towards a tissue-repair type, characterised by enhanced tissue-

protective factors and decreased expression of genes involved in antigen presentation and induction 

of antigen-dependent immune responses (139, 140). Inflammation, cytokines, and growth factors 

can regulate tumour cell plasticity. This new understanding of the plasticity of cells in the TME offers 

unique opportunities for cancer research. 

As inflammation is significant in all stages of tumour progression, further research is expected to 

reveal the molecular and cellular mechanisms through which inflammation and immune cells operate, 

particularly during the early stages of tumour formation and the spread of metastatic cells. 
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1.6. Role of inflammation in the development of pancreatic cancer 

Several studies have investigated the role of inflammation in PC and identified various cellular and 

molecular mechanisms that contribute to this link. For instance, cytokines, chemokines, and immune 

cells have been shown to play a significant role in the development of pancreatic cancer. 

1.6.1. Role of diabetes and obesity in the development of pancreatic cancer 

Diabetes and obesity are known risk factors for PDAC (141, 142), and the tumour itself can cause 

diabetes by reducing insulin release and causing insulin resistance (143). The state of hyperadiposity 

or diabetes mellitus is associated with chronic subclinical inflammation, known as "metaflammation," 

which suggests a link between chronic inflammation and cancer (144). Obese patients typically have 

lower levels of the anti-inflammatory adipokine adiponectin and higher levels of the pro-

inflammatory adipokine leptin. This leads to a shift from M2 anti-inflammatory to M1 pro-

inflammatory macrophages, causing the release of pro-inflammatory cytokines, such as tumour 

necrosis factor (TNF)α and IL-6 (145). In addition, metabolic syndrome may increase cancer risk by 

promoting the release of pro-angiogenic cytokine vascular endothelial growth factor (VEGF) and the 

pro-proliferative effects of insulin. Inflammatory cells play a primary role in cancer development and 

evolution and may help tumour cells escape immune control. Cytokines produced by tumour and 

inflammatory cells, including IL-1β, IL-6, TGFβ and TNFα, are key players in the inflammatory and 

immunomodulatory scenario (145). Patients with metabolic syndrome might be at higher risk of 

PDAC due to the underlying metaflammation, activating oncogenic pathways in epithelial cells while 

reducing immune cell response to cancer. Overeating and an unhealthy diet may also increase the 

risk of PDAC by incurring an excessive intake of potential carcinogens. The role of the gut microbiota 

is also crucial. It may be influenced by diet, impacting the immune response and favouring dysbiosis 

and over-representation of bacterial species producing pro-carcinogenic metabolites. 

Lipopolysaccharide (LPS) is a key element found in the cell wall of Gram-negative bacteria that can 

cause inflammation and insulin resistance by binding to immune cells' TLR4 and activating the NF-κB 

signalling pathway.  

1.6.2. Role of local inflammation in PDAC growth, development, and metastasis 

Pancreatic cancer is a model of a "cold" tumour and "immune privilege" where only a moderate range 

of mutated PC cells are associated with neoepitopes, making it difficult for cancer cells to activate an 



FH 2023 
 

52 
 

effective adaptive immune response. The number of neoepitopes and CD8+ T cell infiltrates are 

predictive of patients with the longest survival (146).  

The mechanisms underlying the ability of the immune system to protect a host from tumour growth 

and subsequent cancer progression reside mainly within the tumour and the surrounding stroma, 

which includes fibroblasts, PSC, and infiltrating immune cells. The local immune response primes local 

inflammation generated and maintained mainly by cytokines, chemokines, and other reactive 

molecules like reactive oxygen species (ROS) and small peptides. Despite several inflammatory 

immune cell types being found in the PDAC dense stromal tissue, the microenvironment remains 

immunosuppressive in nature. This can be explained by the fact that the PDAC microenvironment 

restricts the infiltration of anti-tumour T-cells, whose role may be further attenuated by the co-

infiltrating immune suppressive Treg, myeloid-derived suppressor cells (MDSC), and M2 

macrophages. The recruitment of mast cells by tumour stimuli further contributes to immune 

suppression by downregulating the immune response and promoting the expansion and activation 

of Treg, leading to immune tolerance (147) (Figure 10). 

The genetic profile of PDAC and the type of immune cells in the tumour stroma contribute to the high 

incidence of metastasis and poor survival. Inflammatory mediators, particularly S100A8 and S100A9, 

may play a crucial role in the link between PDAC genetics and inflammatory cells, leading to 

metastasis. In the presence of the SMAD4 tumour suppressor gene, S100A8 and S100A9 are 

produced by inflammatory cells infiltrating the tumour, whereas in homozygous SMAD4 deletion, the 

cancer cells themselves produce these molecules (148, 149). The distant sites like the liver and lungs 

may be affected by S100A8 and S100A9, which can alter the microenvironment, resulting in a "pre- 

metastatic niche" that facilitates metastatic cell adhesion and growth (150, 151). 

1.6.3. Role of cytokines in the inflammatory response to cancer cells 

Inflammatory cells within the TME, including immune cells, fibroblasts, and endothelial cells, produce 

and secrete various cytokines (Table 8), such as IL-6, IL-10, IL-13, VEGF, and TGFβ (152). The balance 

between pro- and anti-inflammatory cytokines constantly changes in response to interactions 

between cancer and inflammatory cells. Cytokines such as TGFβ, IL-10, IL-1β, IL-6, IL-17, and TNFα 

play a major role in PDAC. CAF, which originates from mesenchymal stem cells, quiescent resident 

fibroblasts, and PSC, produce pro-inflammatory cytokines and develop into an activated phenotype 

via cytokines such as Sonic Hedgehog, TGFβ, TNFα, IL-1, IL-6, and IL-10. In addition to producing most  
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Figure 10: Types of inflammation in tumorigenesis and cancer 

 

 

 

Chronic inflammation associated with infections or autoimmune disease precedes tumour 

development and can contribute to it through the induction of oncogenic mutations, genomic 

instability, early tumour promotion, and enhanced angiogenesis. Prolonged exposure to 

environmental irritants or obesity can also result in low-grade chronic inflammation that precedes 

tumour development and contributes to it through the mechanisms mentioned above. Tumour-

associated inflammation goes hand in hand with tumour development. This inflammatory response 

can enhance neoangiogenesis, promote tumour progression and metastatic spread, cause local 

immunosuppression, and further augment genomic instability. Cancer therapy can also trigger an 

inflammatory response by causing trauma, necrosis, and tissue injury that stimulate tumour re-

emergence and resistance to therapy. However, in some cases, therapy-induced inflammation can 

enhance antigen presentation, leading to immune-mediated tumour eradication. Adapted from (111) 
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Table 8: Pro-inflammatory cytokines in pancreatic cancer 

Cytokine Cell sources Effects on immune cells Effects on PDAC initiation and EMT 

TGFβ M2 macrophages, Th2 

lymphocytes, and TAM 

Promotes immune evasion 

and tolerogenic DC 

Inhibits cell cycle progression in early stages, enhances invasion and 

metastasis by inducing EMT in advanced stages 

IL-10 M2 macrophages, Treg, 

Mast cells, and TAM 

Promotes immune evasion PDAC-associated TAM have a mixed M1 and M2 phenotype, 

produce high amounts of IL-10, IL-1β, IL-6 and TNFα and induce 

EMT in early tumorigenesis 

IL-6 CAFs and TAM Promotes Th2-type cytokine 

production 

Promotes oncogenesis through JAK2-STAT3 activation, 

angiogenesis through the induction of VEGF, cancer cell migration 

and EMT 

IL-1β DC, M1 macrophages, and 

TAM 

Recruitment of MDSC and T-

cell activation by inducing the 

production of IL-2 and IL-2R 

Promotes cancer growth, invasion, and metastases 

IL-17 Th 17 CD4+ cells Recruitment of MDSC Induces stemness, tumour initiation, and progression, not 

complete EMT. The expression of the IL-17 receptor is evident on 

cancer cells undergoing EMT and depends on oncogenic KRAS. 

TNFα M1 macrophages, TAM, 

neutrophils, mast cells, and 

PSC 

Antagonizes M2 

macrophages polarisation 

Associated with PDAC initiation. Promotes angiogenesis by inducing 

VEGF production by fibroblasts and metastases by activating NF-β 

signalling 

CAFs-cancer associated fibroblasts; DC-dendritic cells; EMT-epithelial to mesenchymal transition; MDSC-myeloid derived suppressor cells; PSCs-

pancreatic stellate cells; TAM-tumour-associated macrophages. VEGF-vascular endothelial growth factor; TGFβ-transforming growth factor beta; 

IL-interleukin; TNF-tumour necrosis factor; PDAC-pancreatic ductal adenocarcinoma. Taken from (152)
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of the extracellular matrix, CAF promotes tumour growth and metastases by secreting inflammatory 

cytokines like IL-6, chemokines, and chemokine ligands, specifically chemokines C–C motif chemokine 

ligand 2 (CCL2) and C-X-C motif chemokine ligand 12 (CXCL12) (153, 154). 

Thus, systemic and local inflammation may increase the likelihood of developing PDAC, and once 

present, the inflammatory infiltrates in the TME encourage tumour growth and spread. 

Communication between cancer and inflammatory cells occurs through soluble and exosome-carried 

cytokines, which can contribute to PDAC risk and development. 

1.7. Coagulation and cancer 

The relationship between cancer and excessive blood coagulation was first noticed in the 1800s by 

Jean-Baptiste Bouillaud and Armand Trousseau (Trousseau, 1867). Thrombotic complications are 

common in patients with cancer (155) and are one of the leading causes of death and illness (156-

158). The regulation of haemostasis involves plasmatic coagulation, circulating platelets, and the 

vascular endothelium. It is crucial to maintain a delicate balance between clot formation and bleeding. 

Evidence suggests that cancer cells can disrupt this equilibrium by activating blood clotting.  

Thrombotic events can range from VTE to more widespread changes in the clotting system that may 

not show clinical symptoms (159, 160). It can indicate the presence of underlying cancer and is also 

linked to cancer progression and prognosis. The underlying cause of cancer-associated thrombosis 

(CAT) is complex. It includes direct factors such as procoagulant proteins released into the 

bloodstream from the tumour (156, 161) and indirect factors such as vascular damage from 

chemotherapy or surgery (162). These procoagulant proteins include haemostatic proteins (TF, fVIIa) 

(163, 164), inflammatory cytokines (TNFα, IL-1β) and proangiogenic factors (VEGF, basic fibroblast 

growth factor (bFGF)) (165, 166). 

TF expressed on the malignant cell surface plays a central role in cancer-associated coagulation (167). 

The expression of TF and/or fVIIa by cancer cells is thought to be the main promoter of CAT, as they 

are responsible for initiating coagulation (168). Oncogenic mutations, EMT, tumour hypoxia, 

inflammatory cytokines and alterations in tumour cell metabolism can lead to the induction of TF 

expression in cancer cells (169). The oncogenic mutations that can influence TF expression include 

dysregulation of p53, KRAS and PTEN (170-173). 
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Elevated TF expression on tumour cells has been associated with tumour progression, worse 

prognosis, and thrombosis in cancer patients (174). When exposed to blood, TF interacts with 

plasmatic coagulation factors and facilitates the formation of thrombin, which has various cellular 

effects. Hence, the expression of TF on cancer cells can serve as a potential link between haemostasis 

and tumour progression. In addition to TF, fVIIa expression has been found in hypoxic areas of 

tumours and under normoxic conditions (175, 176). The procoagulant activity of TF and fVIIa can be 

further increased when they are packaged into microvesicles (MV) and released into the bloodstream 

(175, 177). This causes systemic activation of the coagulation system (178, 179).  

Thrombin induces thrombotic effects through the cleavage of fibrinogen and mediates pleiotropic 

cellular responses through PARs expressed on different cells, including platelets, neurons, immune 

cells, fibroblasts, and endothelial cells (EC) (167). In mouse models, cancer cells that overexpress 

PARs have shown increased metastatic potential (180). In addition, thrombin can activate human 

platelets by interacting with PAR1 and PAR4, leading to the secretion of various molecules (181). 

Since platelets secrete multiple factors like VEGF, platelet factor 4, and matrix metalloproteinases, 

tumours could use their proangiogenic properties to develop new blood vessels, promoting the 

migration and activation of EC (167, 181). Thrombin-mediated PAR activation can also induce a range 

of cellular alterations in endothelial cells, including migration and upregulation of VEGF-A, which are 

essential for angiogenesis. 

Cancer cells can also activate platelets, either directly through the expression of adhesion molecules 

and receptors on their surface (182, 183) or by secreting platelet-activating molecules, such as 

adenosine diphosphate (ADP) and thromboxane A2 (184). Cancer cells can indirectly affect 

coagulability by releasing growth factors, cytokines and proangiogenic factors that alter the 

properties of vascular EC (166, 185, 186). For example, the expression of IL-6 and TNFα by cancer 

cells can cause the expression of adhesion molecules, like P- and E-selectin, on the surface of EC and 

the release of von Willebrand factor (vWF) into the bloodstream (156, 182), which facilitate the 

binding and activation of platelets (182, 187).  

The activation of EC by tumour cells converts their non-thrombotic and anti-inflammatory surface to 

an adhesive and procoagulant one (188). This conversion occurs through tumour cell-generated 

thrombin or the secretion of VEGF-A by the tumour cells. The endothelial cell activation is 

characterised by the secretion of several factors stored in endothelial Weibel-Palade bodies, 

including IL-8, angiopoietin-2 (Ang2), P-selectin, and vWF (188, 189). Upon secretion, the vWF is 
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stretched in the blood flow, exposing binding sites for circulating platelets, thus promoting its 

procoagulant activity (190). Therefore, molecules adjacent to vWF and stored in EC have also been 

investigated to predict CAT. 

It is clear that coagulation plays a role in the advancement of tumours, and components of the 

coagulation cascade have been identified as potential biomarkers for malignancy. However, the 

connection between thrombotic events and inflammatory processes has yet to be determined. 

1.7.1. Coagulation proteins and pathways 

Coagulation proteins are a series of proteases which, together with their co-factors, initiate the 

coagulation cascade following vascular injury (Table 9). The coagulation pathway can be divided into 

intrinsic, extrinsic, and common pathways, which involve the sequential activation and interaction of 

different coagulation factors. The pathways converge at the activation of prothrombin to thrombin, 

which then converts fibrinogen into fibrin, forming a stable blood clot (Figure 11). The coagulation 

system is tightly controlled by anticoagulant proteins and the fibrinolytic system. Activation of the 

coagulation system has been linked to other biological processes involved in wound healing, such as 

angiogenesis. However, the dysregulation of these processes can significantly contribute to the 

development of chronic diseases like cancer and cardiovascular disease. 

1.7.2. Role of coagulation proteins in cancer progression 

There is a close association between coagulation activation and tumour progression. Different 

components of the haemostatic system, including thrombin, TF and fVIIa, factor Xa (fXa), fibrinogen 

and vascular cells, contribute to tumour growth and aggressiveness through both clotting-dependent 

and clotting-independent properties. 

1.7.3. Tissue factor 

TF, also referred to as thromboplastin, coagulation factor III, or CD142, is a transmembrane 

glycoprotein with a molecular weight of 47 kDa (191). It is classified as a type I integral membrane 

protein and is made up of three domains: an extracellular domain (residues 1-219), a transmembrane 

domain (residues 220-242), and a cytoplasmic domain (residues 243-263) (192, 193). The 

extracellular domain consists of two fibronectin type III domains connected at an angle of 125 

degrees, irrespective of whether the protein is bound to fVIIa or in a free state (194, 195). TF plays a 

critical role in haemostasis as it is the primary initiator of the coagulation cascade. It functions as a   
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Table 9: Coagulation factors 

 

Proteases highlighted by the blue boxes are of particular interest for the current study. Taken from (196) 
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Figure 11: Coagulation pathways 

 

 

The coagulation cascades in the blood can be categorised into extrinsic, intrinsic, and common 

pathways. The extrinsic pathway is activated by the exposure of TF on the surface of injured tissue 

following vascular injury. On the other hand, the intrinsic pathway is activated by the exposure of 

negatively charged molecules such as collagen and ADP, leading to the activation of factor XII. These 

two pathways merge at the common pathway to initiate the final steps of blood clot formation. 
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receptor and co-factor for coagulation factor fVII(a), which leads to fVIIa cleavage of fX and fXI. The 

fibronectin-like domain's upper region (residues 1-107) is where the amino acid residues responsible 

for the interaction with fVII(a) are located, while the lower region (residues 108-219) contains the 

residues responsible for the interaction with fX or fXI (197). Two disulphide bridges, Cys49-Cys57 and 

Cys186-Cys209, are present in each fibronectin type III domain (191). Changes in the reduction status 

of the Cys186-Cys209 disulphide bonds have been found to decrease the binding affinity for fVIIa and 

completely abolish the interaction of TF with fX or fXI (198). TF is glycosylated and contains three 

glycosylation sites in the extracellular domain at Asp11, Asp124, and Asp137 (191, 199). However, 

TF's glycosylation is not essential for its function (200). 

Besides its role in coagulation, TF also acts as a signalling receptor capable of regulating cellular 

functions. For instance, the cleavage of PAR by TF/fVIIa has been found to impact cell migration, 

proliferation and apoptosis (201). Moreover, the interaction of TF with integrin adhesion molecules 

can induce cell migration and promote angiogenesis (202). TF signals are suggested to be triggered 

and/or controlled by the cytoplasmic domain of the protein (203, 204). Although this domain does 

not possess any enzymatic activity (204, 205), it contains a palmitoylation site (Cys245), two 

phosphorylation sites (Ser253 and Ser258), and an ubiquitination site (Lys255). The modification of 

these sites has been shown to affect TF signalling. 

An isoform of TF called alternatively-spliced TF (asTF), produced from a splice variant of TF pre-

messenger ribonucleic acid (mRNA) that excludes exon 5, has been discovered. Unlike full-length TF 

(flTF), asTF is a 26 kDa isoform that does not contain the usual transmembrane and cytoplasmic 

domains but instead has a unique c-terminus (206) that is not similar to any other known protein 

sequence (207). This unique c-terminus contains a cluster of five positively charged residues that 

allow asTF to interact with cell membranes, even though it does not have a transmembrane domain 

(13) (Figure 12). Although asTF can bind fVII(a), it lacks large portions of the fX and fXI binding site 

and therefore has no procoagulant activity. However, despite lacking procoagulant activity, asTF has 

been reported to have the ability to induce cellular signalling (206-208). 

1.7.3.1. Role of TF in tumour progression 

Aside from its involvement in thrombosis, TF plays a vital role in the progression of tumours. TF is 

highly expressed in cancer tissues and circulating tumour cells (CTCs). It is the activation of fVII to 

fVIIa which leads to increased tumour cell proliferation, angiogenesis, EMT, and activity of CSC.  
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Figure 12: The structure of TF 

 

 

a- The extracellular domain of TF has specific residues that enable it to bind with both fVII(a) 

(green) and fX or fXI (magenta). Furthermore, the C-terminal end of the TF extracellular domain 

interacts with the cell membrane (aqua). TF also has three potential glycosylation sites (red) and 

two disulfide bridges (yellow) (Adapted from (197)) 

b- The structures of TF and asTF are compared, where asTF lacks the transmembrane or 

cytoplasmic domains and instead has a unique C-terminus. (Adapted from (191)). 
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Additionally, TF and TF-positive microvesicles (TF+MVs) activate the coagulation system to promote 

the formation of clots that include non-tumour cell components such as platelets, leukocytes, and 

fibrin. These clots cause tumour cells to adhere to them and form CTC clusters. The tumour cells then 

utilise the clots to reduce fluid shear stress, resist anoikis, escape the immune system, and facilitate 

adhesion, extravasation, and colonisation. 

1.7.3.2. TF expression in cancer cells and stroma 

TF expression is upregulated in human malignancies (Table 10) and can be found in three different 

compartments; cancer cells, their adjacent stroma, and the circulating blood (209-212). This increase 

in expression can be up to 1000-fold greater than normal cells and is consistent across various types 

of human cancers with a few exceptions. While some attribute this consistency to non-specific micro-

environmental conditions, such as inflammation, thrombosis, and hypoxia, the increased expression 

of TF is also observed ex vivo, suggesting intrinsic factors involved in the malignant process. Recently, 

evidence has emerged linking TF expression to oncogenic pathways, changes in cellular 

differentiation status, and the formation of the CSC hierarchy (213). 

Several pro-oncogenic events can activate TF expression in cancer, such as mutations in the tumour 

suppressor TP53 and proto-oncogene KRAS, which activate mitogen-activated protein kinases (MAPK) 

and PI3K/AKT signalling pathways (170, 212). Amplification of the epidermal growth factor receptor 

(EGFR) or its mutant form, EGFRvIII, in glioma cells also increases TF-mediated signalling, resulting in 

increased TF expression, PARs, and fVII production (214). Blocking EGFR signalling in cancer cells 

reduces TF expression (215), while loss of tumour suppressor PTEN (216, 217) or E-cadherin leads to 

TF upregulation. MYCN amplification is associated with high levels of TF in neuroblastoma (218). 

Hypoxia can also stimulate TF expression via hypoxia-associated signalling molecules, such as 

hypoxia-inducible factor 1-alpha, Egr-1, Cyr61, and VEGF (219, 220). 

1.7.3.3. Role of TF in cancer cell proliferation  

TF is strongly linked to the proliferation of tumour cells. Both flTF and asTF have been shown to 

increase the proliferation of various types of cancer, possibly via different mechanisms (221). In an 

experiment involving the transplantation of PC cells into nude mice, the tumour volume of TF-positive 

cells was larger than that of TF-negative cells (222). In colon cancer cells, flTF:fVIIa activates PAR2, 

which leads to increased proliferation via the protein kinase C (PKC)α and extracellular signal-

regulated kinase (ERK)1/2 pathways (223, 224). In breast cancer cells, the pro-proliferative effect of  
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Table 10: Overexpression of TF and progression of human malignancies 

Cancer TF overexpression and correlates 

Bladder TF in urine of patients with bladder cancer (225) 

TF expression and bladder cancer progression (226) 

TF in bladder cancer N0 and patient survival (227) 

Brain TF in high-grade tumours and blood vessels (228) 

TFPI and low TF in haemorrhagic GBM (229) 

TF levels correlate with tumour progression (230) 

TF staining increases with tumour grade (231) 

Proposed linkage between TF, vaso-occlusive events and Pseudopalisades in GBM (232) 

Colon Increase in TF+MV in blood of cancer patients (233) 

TF and VEGF levels correlate in tumours (234) 

TF levels correlate with angiogenesis, VEGF expression and disease progression (235) 

TF levels correlate with poor prognosis and liver metastasis (236) 

TF overexpression correlates with an increase in angiogenesis and metastasis (237) 

Increased TF levels in metastatic cell lines (238) 

FVII dependence of tumour-induced coagulation (239) 

Gastric TF levels correlate with venous invasion and lymphatic metastasis in intestinal-type tumours (240) 

Leukaemia TF predominates in M3 and M4–M5 blasts (241) 

Increased TF levels in leukaemic cells (242) 
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TF overexpression in leukaemic blasts (243) 

Overexpression of TF in AML and ALL (244) 

TF overexpression in AML (245) 

Other 

haematopoietic 

malignancies 

No increase in TF levels in haematopoietic malignancies (246) 

TF upregulation in paediatric lymphoma (247) 

Lung Overexpression of full-length and variant TF (asTF) in NSCLC (248) 

Hypercoagulability and disease progression in NSCLC in association with the presence of TF and asTF in tumours and in 

circulation (249) 

TF+MV in blood accompany Trousseau's syndrome (250) 

Microparticle-associated TF accompanies DIC (251) 

Association of high TF expression with metastasis (252) 

TF levels correlate with tumour angiogenesis (253) 

Melanoma Unchanged levels of TF with a decrease in TF pathway inhibitor (254) 

Ovary Increase in TF expression and associated thrombosis (255) 

 TF in serum is associated with poor prognosis (256) 

 Increased expression of TF and coagulation intermediates are detectable in ovarian cancer (257) 

Pancreas Circulating TF+MV parallel disseminated disease (210) 

TF expression correlates with VEGF production, angiogenesis and thrombosis (5) 

Expression of cell-associated and soluble TF correlate with the onset of coagulation (258) 
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Involvement of TF in tumour invasiveness, metastasis and progression (6) 

Increasing TF levels parallel tumour progression (259) 

Liver TF expression correlates with progression and angiogenesis in hepatocellular carcinoma (260) 

Prostate TF levels correlate with Gleason score (261) 

TF is present on prothrombotic MV (prostasomes) from cancer patients and contributes to coagulopathy (262) 

Plasma MV TF levels correlate with cancer coagulopathy and risk of recurrence (263) 

TF expression correlates with poor survival (264) 

TF expression is associated with tumour angiogenesis and metastasis (265) 

TF expression correlates with tumour progression and angiogenesis (266) 

 

Taken from (213) 
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asTF is dependent on β1 integrin (267). TF in cancer cells has several anti-apoptotic properties, 

including activating signalling pathways such as phosphoinositide 3-kinases (PI3K), AKT, and 

janus kinase (JAK)/STAT5, suppressing death-associated protein kinase-1, and enhancing BclXL 

expression (268-272). These properties help prevent a type of apoptosis called anoikis, which 

is triggered by the loss of anchorage-dependent survival signalling due to the absence of the 

extracellular matrix (207, 270, 273). 

Role of TF on stem cell activity in cancer 

CSC are a specific subpopulation of cells in tumours that can self-renew and contribute to 

therapy resistance, recurrence, and distal metastasis (274). TF has been found to contribute 

to the CSC phenotype (275). TF expression positively correlates with well-known CSC markers 

such as CD44 and CD133 and is enriched on CSC compared to non-self-renewing cancer cells 

(276-280). TF expression has been linked to CSC activity in human squamous cell carcinoma 

and breast cancer carcinoma (13). Several studies have demonstrated that high expression of 

TF increases the sphere-forming ability and the expression of stem cell markers in breast 

cancer and A431 cells (277, 280). Conversely, TF depletion in mice can inhibit the formation 

of the vascular niche for tumour-initiating CSC (281). Conditional knockdown experiments 

have shown that the lack of TF can prevent the growth of some xenografted cancers for 

prolonged periods, followed by abrupt and rapid growth when TF expression is restored. 

These studies suggest that TF expression increases the activity of CSC, which enables them to 

resist radiotherapy, chemotherapy, and targeted therapy in some types of tumours. However, 

in colon cancer cells, it was found that the expression of TF was increased while the activity 

of CSC was decreased (282), indicating that the relationship between TF and CSC needs 

further verification in different types of tumours. 

1.7.3.4. Role of TF on tumour invasion and metastasis 

TF is highly expressed at the invasive edges of various tumours, and its expression is positively 

correlated with invasiveness (252, 259, 260, 283). The expression of TF is much higher in 

metastatic cells than in non-metastatic cells (284, 285). The cytoplasmic domain of flTF 

promotes invasion by activating Rac1 and p38 MAPK, causing the extension of filopodia and 

lamellipodia (286). flTF-mediated PAR2 activation recruits actin-binding proteins, leading to 

cytoskeletal reorganisation and cell motility through MAPK and cofilin pathways (287-289). 
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The interaction between flTF and β1 integrin promotes cell migration when the flTF 

cytoplasmic domain is phosphorylated (290), but this interaction requires PAR2 activation. In 

contrast, asTF enhances cell motility by directly activating β1 integrins through binding (291). 

Tumours release flTF-MVs, which can facilitate metastasis through paracrine signalling locally 

and in distant sites (179, 292). Elevated levels of flTF-MVs have been observed in the plasma 

of cancer patients, and they can activate PAR1 and PAR2 in noncancerous cells (293, 294). EC 

stimulated with flTF-MVs express more adhesion molecules and secrete pro-inflammatory 

molecules that can attract protumour monocytes, creating a pre-metastatic environment for 

circulating cancer cells (293, 295). 

1.7.3.5. Role of TF on CTCs 

TF is also highly expressed on the surface of CTCs and is associated with poor patient 

prognosis (296). EMT-positive CTCs have a stronger ability to metastasise and resist 

chemoradiotherapy and targeted therapy (297, 298). EMT-positive CTCs express higher levels 

of TF and exhibit higher metastasis rates and worse survival than EMT-negative CTCs in breast 

cancer (298). TF is also linked to the procoagulant activity of EMT-positive CTCs (298)(Figure 

13). These findings suggest that TF plays an important role in the characteristics of EMT-

positive CTCs metastasis. 

CTC clusters are formed when two or more CTCs come together during tumour metastasis. 

They are composed of tumour cells, platelets, leukocytes, and other plasma components. TF-

induced coagulation promotes fibrin generation from fibrinogen, which then covers the 

surface of CTCs along with platelets, leukocytes, and red blood cells to form a clot, ultimately 

forming a CTC cluster (299-301). TF+MV also have a procoagulant effect and activates 

platelets, facilitating clot formation (302-304). When tumour cells are covered by platelets, 

their TF may be less exposed, as platelets per se have no significant TF expression. In addition 

to the endothelial source, there is an interaction between platelets and leukocytes or 

leukocyte-derived TF+MVs that may further propagate cancer-induced thrombosis (303, 304). 

Leukocytes that express the P-selectin glycoprotein ligand-1 (PSGL-1) and their TF+MVs can 

interact with platelets that express P-selectin and release NET. This interaction can lead to 

the recruitment of platelets more efficiently, promoting cancer-induced thrombosis (305, 

306). Additionally, the presence of neutrophils elastase (NE) can increase pro-coagulant  
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Figure 13: TF positive CTC propagate procoagulant activity 

 

 

 

Tumour cells that express TF can detach from the primary tumour and form Circulating CTCs. 

These CTCs can activate coagulation in the blood by releasing TF and TF-positive microvesicles, 

which leads to the formation of clots that adhere to CTCs and form clusters. This cluster 

formation can prevent natural killer and T cells from killing the CTCs. When platelets cover 

the tumour cells, the exposure of their TF may decrease because platelets do not express 

significant levels of TF. The interaction between activated platelets and leukocytes or 

leukocyte-derived TF+MVs may further enhance cancer-induced thrombosis. Taken from (307) 
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activity by inactivating tissue factor pathway inhibitor (TFPI), which can further favour 

thrombosis (308, 309). 

Platelets activated by TF play an important role in CTC cluster formation, as they can form 

clots to capture tumour cells for survival and protect CTCs from fluid shear stress and anoikis 

(310-312). Overall, TF plays an important role in the formation and survival of CTC clusters, 

particularly EMT-positive CTC clusters. 

1.7.3.6. Inflammation enhances TF expression 

During an inflammatory state, anti-thrombotic factors are downregulated, and the activated 

EC and blood cells promote increased coagulability. ECs are known to upregulate TF 

expression in response to various inflammatory cytokines, such as TNFα, LPS, IL-1, c-reactive 

protein (CRP), and IFN I β, as well as inflammatory coagulation factors Xa and thrombin in 

vitro (313-316). However, factor Xa inhibition, but not thrombin inhibition, has been shown 

to reduce TF-mediated pro coagulability in vivo, highlighting the complex interplay of 

coagulation proteases that can activate TF (317). Inflammatory conditions in ECs can also 

induce TF transcription through the action of vasoactive mediators, such as histamine (318) 

and serotonin (319), VEGF (320), and atherogenic oxidised low-density lipoprotein (321). 

Monocytes can be induced to express TF via LPS, TNFα, CD40 ligand, CRP, advanced 

glycosylation end products, and the peptide hormone angiotensin II through its specific 

receptor (220, 322-324). Other stimuli, such as hypoxia or radiation, were shown to raise TF 

expression in monocytes and smooth muscle cells (220, 325), and hypoxia-induced TF in 

mononuclear cells via early growth response-1 leads to vascular fibrin deposition (326). 

Various signal transduction pathways downstream of vascular inflammation, such as the 

MAPK, ERK1/2, c-jun terminal NH2-kinase (JNK), and p38 or the PKC, transmit signals that 

elicit TF expression in ECs (327-330). Activator protein-1 (AP-1), early growth-response gene 

product (ERG)-1, and NF-κB are transcription factors that initiate TF gene transcription by 

synergistic activation, as demonstrated by reporter gene studies (331). 

flTF is responsible for generating thrombin and depositing fibrin in the local area. Once 

thrombin is produced, it can cleave complement component C5 directly, creating C5a and C5b 

(332). C5a, also referred to as anaphylatoxin, has a pro-tumorigenic effect by attracting 

MDSCs to the tumour microenvironment, leading to an immunosuppressive environment 
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(333). At the same time, TF-induced thrombosis within the TME may result in local ischemia 

and hypoxia, triggering a local inflammatory response and necrosis of tumour tissue. Hypoxia 

induced by TF could, in turn, increase flTF, Clk1, and Clk4, producing asTF (220). This potential 

positive feedback loop may contribute to tumour cell proliferation and angiogenesis and 

increase MDSC infiltration within the tumour microenvironment. Tumour cell-clot formation 

caused by TF induces the expression of VCAM-1 and the recruitment of myeloid cells, which 

promotes tumour invasion and metastasis (334). Overall, TF aids tumour cells to metastasise 

and evade the host immune system by modifying the tumour microenvironment. 

The interplay between inflammation, coagulation and cancer progression makes coagulation 

proteins, like TF, a potential biomarker of malignant transformation. 

1.7.4. Factor VII 

FVII is a vitamin K-dependent coagulation factor and forms a complex with TF to initiate the 

extrinsic pathway of the coagulation system. The human fVII gene is located on chromosome 

13 and encodes a 406-amino acid single-chain protein with a mature form that weighs 50 kDa 

(335). FVII circulates in the plasma as a zymogen with a concentration of approximately 500 

ng/ml, and about 1% of the protein is in its active form, fVIIa (336, 337). The protein has a 

half-life of 2-3 hours and comprises a gamma-carboxyglutamic acid-rich (Gla) domain, two 

epidermal growth factor (EGF) domains, and a C-terminal catalytic domain. The Gla domain 

binds Ca2+ ions, enabling fVII to associate with the negatively charged phospholipids on the 

membrane surface of activated cells, while the EGF domains serve as the binding site for TF 

(337-339). Proteases such as fXa, fIXa, and fXIIa activate fVIIa, and fVII can also activate itself 

by coming into contact with other TF-fVIIa complexes (340, 341). The activation of fVIIa occurs 

by cleaving a single peptide bond between Arg152 and Ile153, resulting in a light chain (152 

amino acids) and a heavy chain (254 amino acids) held together by a disulphide bond (340-

342). 

Elevated plasma levels of fVII/fVIIa have been observed in patients with liver cirrhosis (343) 

and heart disease (344). Although liver cells are the primary source of fVII, other cells, such 

as monocytes, express the protein in response to inflammatory modulators (345, 346). In vitro 

studies have shown that monocytes and macrophages express fVII/fVIIa on their surfaces in 

response to lipopolysaccharide stimulation. Additionally, fVII has been found in human 
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keratinocytes, coronary artery smooth muscle cells, and fibroblasts (347). Various cancers, 

including ovarian, lung, liver, thyroid, prostate, and stomach cancer, express the ectopic form 

of fVII/fVIIa protein, which is regulated by hypoxic conditions (163, 348). Ectopic fVII 

expression has been found to drive the migration and invasion of breast and ovarian cancer 

cells. It may sensitise tumour cells to respond to promigratory and pro-invasive cues, such as 

extravasated fX, representing a key factor of malignant tumour progression and metastasis. 

1.7.5. FVIIa:TF ratio 

A novel study demonstrated that different ratios of fVIIa to TF within microvesicles (MV) could 

lead to varying outcomes in cultured primary endothelial cells. Results showed that when 

combinations of purified fVIIa and recombinant TF were incubated with human coronary 

artery endothelial cells (HCAEC), the ratio of fVIIa to TF determined whether the cells 

underwent apoptosis or proliferation. The transition from pro-apoptotic to proliferative 

properties occurred at an estimated fVIIa to TF molar ratio of 15:1, which was consistent with 

the ratios found in the MV purified from cell lines. For instance, the fVIIa:TF ratio in the 786-

O renal carcinoma cell line was 10:1, which induced cellular apoptosis in HCAEC. In contrast, 

this ratio was 17:1 in MV obtained from the BxPC-3 pancreatic cell line, which was largely 

ineffective. In addition, higher molar ratios of 54:1 and 38:1 observed in HepG2 hepatocellular 

and MCF-7 breast cancer lines were concurrent with increased cell proliferation. The change 

in cell numbers was significantly proportional to the observed fVIIa:TF ratio, with a Pearson 

correlation of 0.956. However, the concentration of TF with which the cells came into contact 

was also a critical factor in determining the outcome, in addition to the fVIIa:TF ratio. This was 

evidenced by the fact that TF-rich MV derived from the MDA-MB-231 cell line (34:1) were 

significantly less proliferative than those derived from the MCF-7 cell line (38:1), despite the 

similar fVIIa:TF molar ratios. Therefore, the proliferative/pro-apoptotic property may also be 

regulated by the higher TF content of MV from MDA-MB-231 cells.  

It is important to note that endogenous cellular fVII levels will alter the true ratios obtained, 

and the level for the transition from pro-apoptotic to proliferative form is likely to be higher 

than reported here (15:1). Previous studies have also shown the proliferation response by a 

number of TF-expressing cells following supplementation with exogenous fVIIa (349, 350).  
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The study also found that the activation of PAR2 is necessary for the pro-apoptotic function 

of MV, but inhibition of PAR2 prevents this function. Interestingly, simultaneous activation of 

PAR2 using the activating peptide at the time of MV addition also inhibits the pro-apoptotic 

effect of 786-O cell-derived MV. The researchers observed that maximal apoptosis in HCAECs 

was induced at 0.05 nM of MV, and higher concentrations were less effective. This could be 

due to the endocytosis of PAR2 after rapid activation with fVIIa:TF or with PAR2-activating 

peptide (AP), which leads to the desensitisation of HCAECs to further stimuli. Therefore, 

inducing apoptosis in endothelial cells requires controlled activation of PAR2. 

The study showed that fVIIa is essential for both the proliferative and pro-apoptotic influence 

of MV and blocking fVIIa with an inhibitory polyclonal antibody against fVIIa blocked these 

effects. Moreover, TF is obligatory since the addition of purified fVIIa alone to HCAECs did not 

promote proliferation or apoptosis. Blocking TF signalling with an antibody did not prevent 

the pro-apoptotic effect of 786-O cell-derived MV, indicating that TF induces cellular 

apoptosis through pro-coagulant signalling, which requires the binding of fVIIa with TF. 

Incubating HCAECs with higher concentrations of TF alone also promoted cell apoptosis, 

indicating that fVII is needed to induce apoptosis, and this fVII should be derived from another 

source. The study found that approximately 20% of the fVII antigen was present on the 

surface of resting endothelial cells, and incubation of HCAECs with recombinant TF or 

activation of PAR2 increased the amount of the cell-surface fVII antigen. Thus, endothelial 

cells may respond to injury/trauma by altering the fVIIa:TF ratio to counter the pro-apoptotic 

influence that arises from the presence of excessive levels of TF. However, repeated exposure 

of HCAECs to recombinant TF resulted in the depletion of cellular fVII reserves. The study 

concluded that the ratio of fVIIa:TF determines the outcome in endothelial cells, resulting in 

either proliferation or apoptosis, and the pro-coagulant activity of TF is a pre-requisite for 

both proliferative and pro-apoptotic activities, requiring interaction with fVII.  

1.8. Pancreatic cystic lesion 

With the widespread use of cross-sectional imaging such as computed tomography (CT), 

magnetic resonance imaging (MRI), and magnetic resonance cholangiopancreatography 

(MRCP), there is an increase in the frequency of incidental findings of PCL. Pancreatic cysts 

may be detected in up to 45% of patients (351-355). Pathologically, PCLs can be classified into 
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inflammatory fluid collections, non-neoplastic pancreatic cysts, and pancreatic cystic 

neoplasms (PCNs) (Figure 14, Figure 15). PCNs account for more than half of the PCLs (356). 

The four subtypes of PCNs are categorised using the WHO histological classification that 

includes serous neoplasms, MCN, IPMNs and solid pseudopapillary neoplasms (SPNs). 

The incidence and prevalence rates of mucinous cystic pancreatic neoplasms are 2.4% and 

2.6%, respectively. However, other studies conducted in the past have reported a higher 

prevalence rate of up to 17.5% (357). MCNs are present in 10% to 20% of resected pancreatic 

tumours, and the majority of them are benign (72%), while a smaller percentage are 

borderline (10.5%), in situ carcinoma (5.5%), or invasive carcinoma (12%) (358). Around one-

third of IPMNs are discovered to have an invasive adenocarcinoma associated with them 

(359); however, the association is 60% with main duct (MD)-IPMNs (360). According to a large 

long-term study involving 1,404 patients with branch duct (BD)-IPMNs, the occurrence of PC 

within five years of IPMN diagnosis was 3.3%. The incidence rate increased to 15% after 15 

years (361). A retrospective study examined the relative frequencies of various PCNs in a 

series of 851 patients who underwent surgical resection between 1978 and 2011 (362). The 

study found that IPMN accounted for 38% of the lesions, while MCN, serous cystic tumours, 

and SPNs accounted for 23%, 16%, and 3%, respectively. Of the 376 patients who underwent 

surgery between 2005 and 2011, 49% were diagnosed with IPMN, 16% with MCN, 12% with 

serous cystic tumours, and 5% with solid pseudopapillary neoplasms. 

1.8.1. Diagnostic work-up for PCLs 

Achieving a precise method of accurate diagnosis and identifying dependable and consistent 

ways of categorising the risk of cancer in patients with PCLs challenging (Table 11). Several 

groups have proposed management recommendations or algorithms for patients with 

suspected cystic neoplasm of the pancreas. Fukuoka guidelines, also known as International 

Consensus Guidelines (ICG), were published in 2012 and were updated again in 2017 (46) 

(Figure 16). 

Patients who are asymptomatic and have cysts less than 5 mm in size are unlikely to have a 

cyst with invasive carcinoma and may not need further workup; however, follow-up is still 

recommended (356, 363). However, if the cyst size is greater than 5 mm, it is recommended 

to undergo a pancreatic protocol CT or gadolinium-enhanced MRI with MRCP for a better  
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Figure 14: Types of pancreatic cystic lesions 
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Figure 15: Diagram of pancreatic cystic lesions 

 

 

Pancreatic cystic lesions, including serous cystadenoma, MCN, IPMN, SPN, and cystic 

neuroendocrine tumour. Taken from (364) 
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Table 11: Characteristics of the major types of cystic lesions of the pancreas 

 

Type of PCL Age at 

diagnosis 

(years) 

Gender 

distribution 

Connection 

to main 

duct 

Characteristics on imaging Fluid 

CEA 

Fluid 

amylase 

Solitary or 

multifocal 

Malignancy 

rate 

Pseudocyst  Any Equal Some Well-circumscribed, oval, or round, 

anechoic on EUS, low attenuation on 

CT 

Low High Either None 

Serous cystic 

neoplasm 

40s–60s 75% female No Microcystic/honeycomb, 30% have a 

central scar 

Low Low Solitary None 

Solid-

pseudopapillary 

neoplasms 

20s 90% female No Well-demarcated mixed solid-cystic 

tumours. Occur anywhere in the 

pancreas 

Low Low Solitary High 
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Type of PCL Age at 

diagnosis 

(years) 

Gender 

distribution 

Connection 

to main duct 

Characteristics on imaging Fluid 

CEA 

Fluid 

amylase 

Solitary or 

multifocal 

Malignancy rate 

Cystic 

pancreatic 

neuroendocrine 

tumour 

30s–50s Equal No Well-circumscribed cystic 

lesion with peripheral rim 

enhancement 

Low Low Typically 

solitary 

<2 cm in size: Low 

>2 cm in size: 

Moderate 

Mucinous cystic 

neoplasm 

40s–60s Almost 

exclusively 

females 

No May be unilocular or septated, 

some have peripheral 

calcifications, most located in 

the tail of the pancreas 

High Low Solitary <3 cm in size: 

<5% 

>3 cm in size: 

high 

Main duct IPMN 40s–60s Equal Yes Dilation of PD High High Either Very high 

Branch duct 

IPMN 

40s–60s Equal Yes Dilation of side branches of 

PD; grape-like cystic lesion 

High High Either Variable 

(depending on 

high-risk 

features) 

Taken from (365)
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Figure 16: Algorithm for the management of suspected BD-IPMN 

 

 

 

Algorithm for the management of suspected BD-IPMN. a. Pancreatitis may be an indication 

for surgery for the relief of symptoms. b. Differential diagnosis includes mucin. Mucin can 

move with a change in patient position, may be dislodged on cyst lavage and does not have 

Doppler flow. Features of true tumour nodules include lack of mobility, presence of Doppler 

flow and FNA of nodule showing tumour tissue. c. The presence of any one of thickened walls, 

intraductal mucin or mural nodules is suggestive of main duct involvement. In their absence, 

main duct involvement is inconclusive. Abbreviations: BD-IPMN, branch duct - intraductal 

papillary mucinous neoplasm; FNA, fine needle aspiration. Taken from (46). 
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assessment (366). Based on better contrast resolution, allowing identification of septae, 

nodules, and duct communication, a consensus of radiologists has suggested that dedicated 

MRCP is the preferred method for evaluating a pancreatic cyst (366). Furthermore, since 

patients may require frequent follow-up imaging, MRI can help avoid radiation exposure. 

Cysts that cause symptoms are more likely to develop invasive carcinoma and HGD. Further 

evaluation or resection should be conducted depending on the clinical circumstances. 

Patients with worrisome features (367-372) on imaging should be evaluated with endoscopic 

ultrasonography (EUS) (Table 12) to further stratify the lesion. The cysts with obvious high-

risk stigmata should undergo resection without further testing in surgically fit patients (373) 

(Table 13, Table 14). 

1.8.2. Characterisation of the cyst fluid 

1.8.2.1. Cytology 

Cytology depends on MUC-containing cells (for IPMN and MCN), malignant cells, glycogen-

rich cuboid cells for serous cystic tumour (SCT), branching papillae with myxoid stroma in the 

case of a SPN, and abundant anucleate squamous cells and debris in lymphoepithelial cysts. 

Fluids from the mucinous cysts are frequently acellular in the absence of solid components. 

A systematic review of cytology revealed that the sensitivity of detecting benign mucinous 

cysts was 45%, while the sensitivity of detecting malignant cysts was 48% (374). The results 

were even worse for diagnosing SCT; out of 60 cases, only 23 (38%) yielded a positive result 

based on 11 studies that had confirmed histopathology, the pooled sensitivity and specificity 

for differentiating mucinous from nonmucinous lesions was 63% (95% CI, 0.56- 0.70) and 88% 

(95% CI, 0.83–0.93), respectively (375). According to a meta-analysis of four studies involving 

96 patients, cytology demonstrated a relatively low sensitivity (64.8% with 95% CI of 0.44-

0.82) but a high specificity (90.6% with 95% CI of 0.81-0.96) for pancreatic cancer. While 

negative results do not necessarily exclude the possibility of a high-risk lesion, positive results 

are an indication for surgical resection according to all of the guidelines. As negative cytology 

has a poor negative predictive value, it is reasonable to perform FNA in cysts associated with 

a solid lesion to determine the presence of malignancy. However, a two-tier system (Table 15) 

for grading epithelial atypia recommended by the Papanicolaou Society of Cytopathology,  
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Table 12: Indication for EUS in PCLs 

 Indications for endoscopic ultrasound 

2015 AGA ≥2 high-risk features 

   Cyst size ≥3 cm 

   Dilated PD 

   Presence of a solid component 

2017 International 

Consensus 

If any of the following present 

   Pancreatitis due to cyst 

   Cyst size ≥3 cm 

   Enhancing mural nodule <5 mm 

   Thickened/enhancing cyst walls 

   PD 5–9 mm 

   Abrupt change in diameter of PD with distal pancreatic atrophy 

   Lymphadenopathy 

   Elevated CA-19-9 

   Rapid growth of cyst (>5 mm/2 years) 

2018 ACG If any of the following present 

   PD ≥5 mm 

   IPMN or MCN ≥3 cm 

   Change in PD calibre with upstream atrophy 

   Size increase of ≥3 mm/year during surveillance 

   Jaundice due to cyst 

   Pancreatitis due to cyst 

   Presence of a mural nodule or solid component 

2018 European Clinical or radiological features of concern for malignancy 

Can be alternated or done in conjunction with MRI during 

surveillance 

ACG, American College of Gastroenterology; AGA, American Gastroenterological Association; 

CA-19-9, carbohydrate antigen 19-9; MRI, magnetic resonance imaging; PCN, pancreatic 

cystic neoplasm; PD, main pancreatic duct. Adapted from (365). 
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Table 13: Imaging features for diagnostic work-up 

Worrisome features High-risk stigmata 

Cyst of ≥3 cm Obstructive jaundice in a patient with a 

cystic lesion of the pancreatic head 

Enhancing mural nodule <5 mm Enhanced mural nodule 

Thickened enhanced cyst walls MPD size ≥10 mm 

MPD size of 5-9 mm  

Abrupt change in the MPD calibre with distal 

pancreatic atrophy 

An elevated serum level of carbohydrate 

antigen (CA) 19-9 

A rapid rate of cyst growth >5 mm/2 years 
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Table 14: Indications of surgical resection 

 Indications for surgical resection 

2015 AGA Positive cytology on EUS-guided FNA, both a solid component and dilated 

PD 

 both a solid component and dilated PD 

2017 International 

Consensus 

Obstructive jaundice with PCN in the head of the pancreas 

Enhancing mural nodule ≥5 mm 

PD ≥10 mm 

Cytology suspicious or positive for malignancy 

2018 ACG All MD-IPMNs 

Cytology with HGD or malignancy 

Mural nodule 

Concerning features on EUS 

2018 European Absolute indications 

   Cytology suspicious or positive for malignancy or HGD 

   Solid component 

   Obstructive jaundice with PCN in the head of the pancreas 

   Enhancing mural nodule >5 mm 

   PD ⩾10 mm 

   Symptoms due to PCN 

Relative indications 

   PCN growth rate ⩾5 mm/year 

   Elevated CA-19-9 level; 

   PD 5–9.9 mm 

   PCN size ⩾40 mm 

   New-onset diabetes mellitus; acute pancreatitis (due to PCN 

   Enhancing mural nodule <5 mm 

ACG, American College of Gastroenterology; AGA, American Gastroenterological Association; 

BD-IPMN, branch duct intraductal papillary mucinous neoplasm; CA-19-9 carbohydrate 

antigen 19-9; EUS, endoscopic ultrasound; FNA, fine needle aspiration; IPMN, intraductal 
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papillary mucinous neoplasm; MCN, mucinous cystic neoplasm; PCN, pancreatic cystic 

neoplasm; PD, main pancreatic duct; High-grade dysplasia (HGD). Taken from (365). 

 

 

 

 

Table 15: Cytologic features of low- and high-grade atypia in mucinous cyst 

Cytological feature Low-grade atypia High-grade atypia 

Cellularity Low Low to high 

Architecture Single cells, small groups or 

flat sheets of bland-

appearing glandular 

epithelial cells (≥12-µm 

duodenal enterocyte) 

Single cells, small to large 

three-dimensional crowded 

cluster (<12 µm duodenal 

enterocyte, papillary 

architecture) 

Nucleus Round and regular with even 

chromatin and inconspicuous 

to occasional discernible 

nucleoli 

Nuclear hypochromasia or 

hyperchromasia, with or 

without prominent nucleoli, 

and nuclear membrane 

irregularity 

Nuclear/cytoplasmic ratio Low High 

Mucin Apical cytoplasmic mucin and 

basally located nuclei; the 

cells may be indistinguishable 

from gastric contamination 

A variable amount of 

cytoplasm with or without 

visible mucin or vacuoles 

Background Muciphages, no necrosis Variable cellular necrosis 
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which includes low-grade atypia (low- and intermediate-grade dysplasia) and high-grade 

atypia (HGD) is useful once the presence of a mucinous cyst is determined (376). 

1.8.2.2. Chemical analysis of cyst fluid 

1.8.2.2.1. Tumour markers 

Tumour markers, carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9 (CA19-9), 

and biochemical markers like amylase and mucin are used to diagnose the premalignant 

lesion. Of all the tests available, CEA has the highest diagnostic accuracy when distinguishing 

premalignant mucinous cysts from nonmucinous ones (377, 378). However, CEA cannot 

differentiate between a premalignant cyst and a malignant lesion (379, 380). CEA analysis 

requires up to 1 ml of cyst fluid (381, 382). The drawback of this test is that in cases of small 

cysts or viscous aspirates, an insufficient volume may be obtained. 

A>192 ng/ml CEA level captures 79% of the mucinous cyst (356). The cooperative pancreatic 

cyst showed this as the optimum level for distinguishing mucinous cysts from nonmucinous 

cysts, with 75% sensitivity and 84% specificity. At this cut-off value, the PANDA study found a 

sensitivity of 64% and specificity of 83% for diagnosing a mucinous cyst (382). Van der Waaij 

et al. demonstrated that using a cut-off level of >800 ng/mL for CEA testing could yield higher 

specificity (98%) but at the cost of low sensitivity (48%) (374). However, elevated levels of CEA 

alone cannot definitively differentiate between a benign or neoplastic cyst fluid cancer 

antigen 19-9 is rarely used. CA19-9 at a <37 U/ml level in the fluid may indicate the presence 

of a pseudocyst or a serous lesion, with a sensitivity of 19% and specificity of 98% (374). 

1.8.2.2.2. Amylase 

The presence of amylase in the cyst fluid is consistent with ductal communication. The cut-

off value for the cyst fluid amylase is selected as the upper limit of normal serum amylase 

values, which is set at 250 U/L. Cyst with amylase <250 U/L excludes pseudocyst (374) and 

also indicates a lack of ductal communication with a specificity of 98% (374, 383). However, 

low amylase does not exclude malignancy (384). The highest level of amylase is observed in 

pseudocysts. The sensitivity (62.5%) and specificity (69.4%) for diagnosis of premalignant or 

malignant lesions with amylase are lower than those of CEA and CA19-9 (385).  
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1.8.2.2.3. Mucin (MUCs) 

Mucins are heavily glycosylated glycoproteins commonly expressed in epithelial cells lining 

the MCNs. The subtypes of MUCs vary depending on the histopathological subtypes of IPMNs, 

including gastric, intestinal, pancreaticobiliary, and oncocytic subtypes. MUC staining has 

reported a PPV of 83%, but sensitivity was poor (386). A large series of mucinous cysts 

reported a sensitivity of 80% and a specificity of 40% (387). Maker et al. investigated the 

ability of mucin to determine the degree of IPMN dysplasia, as the different IPMN subtypes 

also correlate with specific degrees of dysplasia (388). They found a significant increase in 

MUC2 and MUC4 among cysts with HGD and increased MUC2 in intestinal-type IPMNs with a 

higher degree of malignant transformation. Recent studies have demonstrated that mucins 

can carry abnormal glycoforms, including oligosaccharide linkages αGlcNAc and βGlcNAc 

associated with MUC5AC, which were found to be associated with malignancy (389). However, 

the diagnostic utility of cyst fluid levels of mucins in determining the degree of dysplasia is 

limited, as one study did not show variation in the degree of dysplasia. 

1.8.2.3. Molecular analysis 

The addition of molecular analysis to other diagnostic tests can provide significant value. 

Kadayifci et al. investigated the usefulness of GNAS testing in conjunction with KRAS and CEA 

testing of pancreatic cyst fluid. The combination of these three markers resulted in improved 

accuracy in diagnosing BD-IPMN when compared to single tests (p < 0.05) (390). However, 

KRAS and/or GNAS detection alone in pancreatic cyst fluid (PCyF) are highly sensitive and 

specific (100% and 96%, respectively) for diagnosing BD-IPMN (391). Singhi et al. discovered 

this in their 2018 study, where molecular analysis outperformed fluid viscosity and elevated 

CEA levels as diagnostic tools. Other mutations have been identified that contribute to BD-

IPMN carcinogenesis. Ren et al. revealed that in mucinous PCLs without KRAS mutations, 

BRAF mutations with concurrent GNAS mutations supported an alternate mechanism of 

activation in the Ras pathway (392). Over the years, many studies have been performed to 

risk-stratify PCLs, especially branch-duct (BD)-IPMNs, to avoid unnecessary surgeries. These 

studies describe various options for BD-IPMN to risk stratification into LGD or HGD/invasive 

carcinoma (Table 16). 
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Table 16: Overview of reviewed studies regarding the use of cyst fluid for risk stratification of branch 

Author Molecular Marker(s) Key Findings Diagnostic Parameters Conclusions 

Singhi 

(2018) 

TP53, PIK3CA, PTEN, 

KRAS, GNAS 

Combination of KRAS/GNAS and 

TP53/PTEN/CDKN2A indicates 

advanced neoplasia 

Analysis of KRAS/GNAS and 

TP53/PTEN/CDKN2A was 

100% specific and 89% 

sensitive for advanced 

neoplasia 

The integration of molecular 

testing in pre-operative 

patients can be useful in 

predicting future risk of 

malignancy. 

Hata (2018) Telomere fusions Branch duct IPMN cyst fluid 

aspirates revealed no telomere 

fusions in low-grade lesions, 

however, prevalence increased with 

advancing histologic grade 

Prevalence of telomere 

fusions: Low grade 0% 

Intermediate 15.4% High 

26.9% Cancer 42.9% p = 

0.025 

Telomere fusions can be readily 

detected in cyst fluid and help 

predict the grade of dysplasia 

Shirakami 

(2021) 

miR-711, miR-3679-

5p, miR-6126, miR-

6780b-5p, miR-

6798-5p, and miR-

6879-5p 

Six miRNAs were significantly 

elevated in the cyst fluid of branch 

duct IPMN with carcinoma when 

compared to benign branch duct 

IPMNs 

Differences in miRNA levels 

between low-grade and high-

grade lesions were all 

statistically significant (p < 

0.05) 

Certain miRNAs are elevated in 

the cyst fluid of cancerous 

lesions thus offering the 

potential to predict high-risk 

lesions requiring surgical 

resection 
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Author Molecular Marker(s) Key Findings Diagnostic Parameters Conclusions 

Hata (2017) SOX17, PTCHD2, 

BNIP3, FOXE1, SLIT2, 

EYA4, and SFRP1 

Gene methylation patterns 

can accurately distinguish 

between advanced neoplasia 

and low-grade lesions (all but 

BNIP3) 

Single marker: SOX17 sensitivity 

83%, specificity 82% Two gene: 

SOX17/FOXE1 or EYA4 accuracy 

86%  

Four gene: 

FOXE1/SLIT2/EYA4/SFRP1 

accuracy 88%, 84% sensitivity, 

and 89% specificity 

Cyst fluid analysis of gene 

methylation patterns, 

whether a single gene or in 

combination, can accurately 

distinguish between 

advanced neoplasia and 

low-grade lesions 

Majumder (2019) TBX15 and BMP3 Two gene methylation 

analysis can discriminate 

between advanced neoplasia 

and low-grade lesions 

Combination of methylated 

TBX15 and BMP3 had sensitivity 

90% and specificity of 92% for 

detecting advanced neoplasia 

Methylation analysis of this 

two gene combination can 

be useful in predicting the 

grade of dysplasia 

Singhi (2016) TP53, PIK3CA, PTEN Molecular analysis of cyst 

fluid was able to detect 

advanced neoplasia via 

mutations in TP53, PIK3CA, 

and/or PTEN 

Detected branch duct IPMN 

harbouring advanced neoplasia 

with 91% sensitivity and 97% 

specificity 

Integration of molecular 

analysis in PCLs can better 

detect cysts with advanced 

neoplasia than AGA 

guidelines 
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Author Molecular Marker(s) Key Findings Diagnostic Parameters Conclusions 

Khalid (2009) KRAS, allelic loss, DNA 

quantity 

10/40 malignant cysts had negative 

cytology, all of which could be 

diagnosed as malignant with high 

amplitude KRAS mutation in 

conjunction with high amplitude 

allelic loss 

High amplitude KRAS 

mutation followed by 

allelic loss: 96% specific 

and 37% sensitive for 

malignancy in the cyst 

Increased cyst fluid DNA 

quantity, high-amplitude 

mutations, and allelic loss 

can be used to predict 

malignancy, especially 

when cytology is negative 

Springer (2015) SMAD4, LOH in RNF43 

and TP53, Chromosomal 

aneuploidy 

Analysis for SMAD4, TP53, LOH in 

chromosome 17, or aneuploidy of 

5p, 8p, 13q, or 18q could correctly 

identify HGD or invasive cancer. 

This could reduce unnecessary 

operations by 91% 

The panel could identify 

patients requiring surgery 

with 75% sensitivity and 

92% specificity 

Molecular analysis of cyst 

fluid can be used to risk-

stratify cysts with 

malignant potential and 

can reduce the amount of 

unnecessary operations 

Rosenbaum 

(2017) 

TP53, SMAD4, CDKN2A, 

NOTCH1 

NGS revealed mutations in TP53, 

SMAD4, CDKN2A, and NOTCH1 to 

only be present within malignant 

cysts. 

These mutations had 

100% specificity and 46% 

sensitivity for carcinoma 

Variants in TP53, SMAD4, 

CDKN2A, and NOTCH1 

favour the diagnosis of 

high-risk cysts and 

warrant surgery or further 

investigation 
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Author Molecular Marker(s) Key Findings Diagnostic Parameters Conclusions 

Fujikura (2021) KLF4 KLF4 mutations detected in 

cyst fluid samples were 

significantly more prevalent 

in cysts with low-grade 

dysplasia 

KLF4 prevalence: Low grade 

50% Intermediate 39% High 

15% 

High and low grade IPMNs 

have distinct molecular 

pathways with KLF4 

mutations being enriched in 

the low grade pathway 

Simpson (2018) DNA quantity, LOH in 

tumour suppressor 

High DNA quantity in 

conjunction with high 

clonality LOH in tumour 

suppressor genes could 

detect advanced neoplasia 

High quantity DNA and LOH 

had specificity of 99%, PPV 

60%, and diagnostic 

accuracy of 91% for 

advanced lesions 

Increased DNA quantity along 

with LOH in tumour 

suppressors can be predictive 

of high-risk lesions 

 

Taken from (393)
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While molecular analysis of PCyF has shown to be useful when used along with existing clinical 

management to improve classification and risk stratification of branch-duct IPMNs, it has yet 

to be established as a reliable standalone diagnostic method. The need for widespread access 

to the technology needed to perform molecular analysis is a current issue hindering its clinical 

implementation. However, advancements in technology and decreasing costs may make it 

more accessible for wider testing in the future. 

1.9. Current NICE recommendation 

The current National Institute of Health and Care Excellence (NICE) recommendation (NG85) 

for people with pancreatic cysts was published on 17th February 2018. The guideline includes 

the following; 

1.1.7 Offer a pancreatic protocol CT scan or MRI/MRCP to people with pancreatic cysts. If 

more information is needed after these tests, offer the other one. 

1.1.8 Refer people with any of these high-risk features for resection: 

• obstructive jaundice with cystic lesions in the head of the pancreas 

• a main pancreatic duct that is 10 mm in diameter or larger. 

1.1.9 Offer EUS after CT and MRI/MRCP if more information on the likelihood of malignancy 

is needed or if it is not clear whether surgery is needed. 

1.1.10 Consider fine-needle aspiration during EUS if more information on the likelihood of 

malignancy is needed. 

1.1.11 When using fine-needle aspiration, perform CEA assay in addition to cytology if there 

is a sufficient sample. 

1.1.12 For people with cysts that are thought to be malignant, follow the recommendations 

on staging. 

Resection of HGD provides an opportunity to cure a lesion before it progresses to an incurable 

invasive disease. However, previous recommendations for routine resection of IPMN or MCN 

have resulted in overtreatment, as high-risk pathology is identified in less than half of all 

patients who have undergone pancreatectomy. The ability of current laboratory, radiographic, 
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and endoscopic tests to distinguish between low-risk (LGD) and high-risk (HGD) diseases is 

limited. Therefore, identifying a suitable biomarker that can reliably differentiate HGD and 

LGD could prevent the morbidity and mortality associated with unnecessary surgery. 

1.10. Aims 

The role of TF in malignancy and its impact beyond thrombosis on cell proliferation, 

angiogenesis, and metastasis is well established. Elevated levels of TF have been detected in 

various cancers, including pancreatic cancer. 

In this study, a novel approach was taken to examine the potential of measuring TF and fVIIa 

levels in the pancreatic cyst fluids as an indicator of the malignant transformation of precursor 

cystic lesions. The data was compared to the current parameters used during the diagnostic 

work-up of PCLs. The study also explored the mechanisms by which TF promotes a more 

invasive phenotype, including EMT, through in vitro experiments with various cell lines. The 

impact of TF on the regulation of fVII expression and cell proliferation was also examined. 
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Chapter 2 

 

2. General Methods 
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2.1. Materials 

Company Material 

Abcam, Cambridge, UK  

American Type Cell Collection, 

Manassas, USA 

AsPC-1, BxPC-3, hTERT-HPNE, hTERT-HPNE 

E6/E7/K-RasG12D, hTERT-HPNE E6/E7/K-

RasG12D/st; Pancreatic cell lines 

AssayPro/Universal Biologicals 

Cambridge, UK 

Human Factor VII ELISA Kit 

Bio-Rad Laboratories, Watford, UK TGFβ 

Corning – supplied by Scientific 

Laboratory Supplies Ltd 

96-well TC-treated Microplate 

Dade Behring, Deerfield, USA Recombinant relipidated human TF (Innovin®) 

eBiosciences/ThermoFisher, Paisley, 

UK 

Mouse anti-TF antibody (HTF-1) 

Eurofins, Wolverhampton, UK Bax & cyclinD1 PCR primers 

Fisher Scientific, Loughborough, UK Butanol, Methanol, Tris base, Glycine, SDS, Mr 

Frosty Freezing container, Isopropanol, 25 ml 

Steralin tubes 

GE Healthcare illustra/Fisher 

Scientific, Loughborough, UK 

Nitrocellulose membrane 

Gibco - supplied by ThermoFisher, 

Paisley, UK 

Foetal calf serum (FCS) 

Greiner -  T25 & T75 cell culture flasks, 6-, 12- & 24-well 

plates 

INCELL corporation LLC, San Antonio, 

USA 

M3 Base Medium 

New England Biolabs, Hitchin, UK Monrach® Total RNA Miniprep Kit 

Promega, Southampton, UK Go Taq 1-step RT-qPCR system 

Qiagen, Manchester, UK β-Actin, vimentin primers 

R&D systems, Abingdon, UK Quantikine Human Tissue Factor ELISA, Mouse 

anti-vimentin monoclonal antibody, Rabbit anti-
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fVII(a) polyclonal antibody, AF488-conjugated 

mouse monoclonal anti-N-cadherin antibody, 

mouse anti-cadherin-11 monoclonal antibody, 

mouse anti-fibronectin monoclonal antibody, 

mouse anti-HNF4α monoclonal antibody, PE-

conjugated mouse monoclonal anti-E-cadherin 

antibody, goat polyclonal anti-p16 antibody 

Santa Cruz Biotechnology- supplied 

by Insight Biotechnology, Wembley, 

UK 

AP-conjugated mouse anti-rabbit IgG antibody, 

AP-conjugated mouse anti-goat IgG antibody, AP-

conjugated goat anti-mouse IgG antibody, goat 

anti-GAPDH antibody 

Sarstedt, Leicester, UK 5 ml & 10 ml cell culture pipette 

Sigma-Aldrich, Poole, UK Formaldehyde (37%), PAR2-AP peptide, DMSO, 

Tween-20, Triton-X100, RNAse-free ethanol, BSA, 

Purified fVIIa, Ammonium persulfate, Laemmli 

buffer (2x), Bradford reagent, TEMED, DAPI, 

Puromycin 

Sino Biological- supplied by Fisher 

Scientific 

EGF 

Scientific Laboratory Supplies (SLS) 

Limited, Wilford, Nottingham, UK 

DMEM media, RPMI-1640 media, PBS buffer 

(10x), Trypsin/EDTA solution (10x), Penicillin-

streptomycin, ProtoFLOWGel 30 % acrylamide 

bis-acrylamide solution 

Star labs, Milton Keynes, UK 200 µl gel loading tips,5 ml bedu tubes, 96-well 

PCR plates, PCR plate covers, Filter pipette tips 

ThermoFisher, Paisley, UK Spectra™ Multicolor Broad Range Protein Ladder, 

Nunclon Sphera 96-well plate 
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2.2. Equipment  

 

Equipment Name Manufacturer Model 

Automated microplate 

washer and Shaker 
Thermo Fisher Scientific, Paisley, UK 

Wellwash™ 

Microplate Washer 

Cell Culture cabinet Telstar, Birstall, Batley, UK  AV100 

Cell culture incubator 
Heraeus – supplied by ThermoFisher 

scientific  
 

Fluorescent Microscope 
Carl Zeiss Microscopy, Cambridge, 

UK 
AXIO Vert.A1 

Light Microscope Nikon, Kingston Upon Thames, UK TMS 

pH meter 
SevenCompact – supplied by Fisher 

scientific 
pH/ion S220 

pH meter probe SLS, Nottingham, UK X18470 

Plate reader BMG labtech, Aylesbury, UK PolarStar Optima 

RT-PCR machine BIORAD, Watford, UK iCycler Real-Time 

Refrigerated microfuge Sigma, Poole, UK 1 - 14 K 
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2.3. Cellular methods 

2.3.1. Cell lines used in this study 

Five cell lines were used during this study which were human telomerase reverse 

transcriptase (hTERT)- human pancreatic nestin-expressing ductal cells (HPNE), hTERT-HPNE 

E6/E7/K-RasG12D, hTERT-HPNE E6/E7/K-RasG12D/st, AsPC-1 and BxPC-3. 

The telomerase-immortalized hTERT-HPNE, hTERT-HPNE E6/E7/K-RasG12D and its oncogenic 

KRAS variant, hTERT-HPNE E6/E7/K-RasG12D/st (HPNE-mut-KRAS), were obtained from the 

American Type Culture Collection (ATCC). The hTERT-HPNE cells were generated from primary 

human cells derived from the pancreatic ducts that were transfected with hTERT (catalytic 

subunit of human telomerase) complementary DNA (cDNA) (394). These transfected cells 

express Nestin (neuronal stem cell marker) and do not possess any cancer-associated 

alterations. These cells represent normal human pancreatic epithelial cells. The hTERT-HPNE 

cells were also transformed through the stepwise introduction of oncogenes, designed to 

mimic PDAC progression, including oncogenic KRAS (carrying the G12D mutation), human 

papillomavirus (HPV) 16 E6 and E7 proteins (to block the function of p53 and Rb tumour 

suppressors respectively). A separate set of cells were transfected to express the SV40 small-

t antigen to allow mutant K-Ras (12D) mediated tumourigenic growth transformation (Figure 

17) (395). This additional genetic alteration is required for full malignant transformation of 

the hTERT-HPNE cells. In this study, experiments were performed using the telomerase-

immortalized hTERT-HPNE and its oncogenic variant, which exhibit genetic alterations 

commonly observed in the stepwise progression of the histological stages of PDAC (Figure 18).  

Cell lines were cultured in the recommended complete growth medium, which included 5% 

foetal calf serum, 75% Dulbeco's modified essential medium (DMEM) without glucose, 25% 

Medium M3 Base, 10 ng/mL of human recombinant EGF, 5.5 mmol/L of D-glucose (1 g/L) and 

750 ng/mL of puromycin in the presence of 5% CO2 at 37°C (Table 17).  

The AsPC-1 cell line was derived from nude mouse xenografts initiated with cells from the 

ascites of a 62-year-old white female patient with pancreatic cancer. These cells express 

mutant KRAS, CDKN2A, TP53, FBXW7 and MAP2K4. The BxPC-3 cell line was derived from the 

pancreatic tissue of a 61-year-old female patient with pancreatic adenocarcinoma. The  
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Figure 17: Scheme showing immortalisation and Ras transformation of human pancreatic 
duct cells 

 

 

hTERT is used to immortalise a primary pancreatic duct cell culture to generate hTERT-HPNE 

cells. These cells are then sequentially transfected with retroviral constructs to first express 

the HPV proteins E6 and E7 (E6/E7) and then constitutively active K-Ras (12D). Subsequently, 

the resultant E6/E7/Ras cells are transfected with retrovirus encoding SV40 st to establish 

E6/E7/Ras/st cells. 
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Figure 18: Diagram of histological progression of PC in parallel with mutations present in the 

cell lines 

 

 

Scheme showing the histological progression from normal pancreatic epithelium to 

pancreatic adenocarcinoma with accompanying genetic alteration that corresponds to the 

cell lines used in this study 
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Table 17: Cell line culturing conditions 

 

Cell name Origin/Cancer type Media Supplements Subcultivation ratio 

AsPC-1 Pancreatic cancer RPMI-1640 • 2mM Glutamine  

• 1mM Sodium Pyruvate  

• 10% FCS 

1:3 - 1:8 

BxPC-3 Pancreatic cancer RPMI-1640 • 2mM Glutamine  

• 10% FCS 

1:3 - 1:6 

hTERT-HPNE Pancreatic epithelial cell 75% DMEM 

25% Medium M3 Base 

• 2 mM L-glutamine 

• 1.5 g/L sodium bicarbonate  

• 5% FCS  

• 10 ng/ml human 

recombinant EGF  

• 5.5 mM D-glucose (1g/L) + 

750 ng/ml puromycin 

1:8 - 1:12 

hTERT-HPNE 

E6/E7/K-RasG12D 

Epithelial like 1:8 - 1:12 

hTERT-HPNE 

E6/E7/K-RasG12D/st 

Epithelial like 1:8 - 1:12 
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cell line has mutant CDKN2A, TP53, SMAD4 and MAP2K4 (Table 18). Both the cell lines were 

obtained from the ATCC. The culture media used for the cell lines are listed in (Table 17). 

Utilising the different cell lines for experiments in this study allowed a comparison of the 

behaviour of benign and malignant cells in response to external influence or stimulus. 

2.3.2. Cell culture 

All cell culture procedures were carried out in a class II biological safety laminar flow cabinet 

in a sterile environment. Before commencing any work inside the culture cabinet, diluted 

Dettol and industrial methylated spirit (70% v/v) were used for cleaning all surfaces. Various 

volumes of sterile plasticware were used to transfer liquids, including sterile pipettes, 

micropipettes and tips. All media were prewarmed by placing them in a 37°C water bath for 

15 min before use. The cell contained within cryovials were collected from liquid nitrogen and 

were immediately placed in a 37°C water bath with constant agitation for 1-2 min. Cells were 

washed with fresh pre-warmed medium to remove dimethyl sulphoxide (DMSO), centrifuged 

at 168 x g for 5 mins. The cells were re-suspended in a pre-warmed medium and added to a 

T25 cell culture flask. All cells were maintained in a humidified incubator at 37°C under 5% 

(v/v) CO2 atmosphere. Cells were checked after 24 hours using an inverted microscope. Every 

2-3 days, the culture media was replaced to ensure sufficient nutrition and prevent the 

accumulation of waste products. 

2.3.3. Maintenance and subculture of cancer cell lines 

Cell lines were cultures in appropriate media (Table 17) according to the supplier’s 

instructions. Essential supplements, including foetal calf serum (FCS; 10% v/v), were added to 

the culture media. Cancer cells were propagated as monolayers until almost 90% confluent. 

The medium was then removed from the flask, and the cells were washed with 5 ml of sterile 

phosphate buffer saline (PBS, pH 7.2) to remove any traces of serum. To detach the cells, 

approximately 2-3 ml of Trypsin-ethylenediaminetetraacetic acid (EDTA) solution (0.25% w/v 

Trypsin, 0.02% w/v EDTA) was pipetted into the flask and then incubated for 4-5 min at 37°C.  
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Table 18: Genetic alteration present in the cell lines 

 

Cell Line Altered Gene 

KRAS CDKN2A TP53 SMAD4 Others 

hTERT-HPNE - - - - - 

hTERT-HPNE 

E6/E7/KRASG12D/st 

+ - + - - 

AsPC-1 + + + - MAP2K4, FBXW7 

BxPC-3 - + + + MAP2K4 
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The flasks were tapped gently to release the cells from the surface. The serum-containing 

complete medium (2-3 ml) was then added to deactivate the trypsin enzyme. The cell 

suspension was then transferred into a fresh 20 ml tube and centrifuged at 168 x g for 5 min. 

The supernatant was discarded, and the cells were re-suspended in a fresh medium. The cell 

density was determined using a haemocytometer, and the cell suspension was diluted to the 

desired density for experimental work, freezing or subculture. The cells were subcultured into 

new culture flasks at the ratios shown in the table.  

2.3.4. Estimation of cell number using a haemocytometer 

The cell suspension (20 μl) was loaded into a haemocytometer to calculate the cell density, 

and the number of cells in each 1 mm² area was counted. The average was taken, and the 

number of cells was calculated using the following formula.  

 

Total number of cells in the flask 

= number of cells counted per mm2 x volume cell suspension x 104 

2.3.5. Cryopreservation of cells 

For long-term freezing, cells were harvested at the logarithmic phase of growth. The cells 

were centrifuged at 168 x g for 5 min, and the supernatant was discarded. The cell pellet was 

then resuspended in an appropriate cryopreservation medium (containing 10% v/v DMSO and 

methylcellulose for AsPC-1, BxPC-3; and 95% FBS and 5% DMSO (v/v) for hTERT-HPNE, hTERT-

HPNE E6/E7/K-RasG12D, hTERT-HPNE E6/E7/K-RasG12D/st) at a concentration of 106 cells/ml. 

500 µl aliquots were transferred to cryovials and labelled with cell type, cell numbers, passage 

number and date of freezing. The vials were transferred to a freezing chamber (Mr Frosty) 

and placed in a -80°C freezer overnight. This chamber contains 100% isopropanol and ensures 

that the cells are cooled at a rate of -1°C/min to maintain cell viability throughout 

cryopreservation and recovery. After 24 hours, the cryovials containing the cells were placed 

in a liquid nitrogen container for long-term storage.  
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2.3.6. Cell treatment 

Cells were harvested for experimentation while sub-confluent and seeded into 6/12-well 

plates. At a density of 1 x 105 cells/well when using a 6-well plate and 5 x 104 cells/well when 

using a 12-well plate. Plates were then placed into an incubator, and the cells were allowed 

to adhere for 24 hours. Generally, the media was refreshed before treatment with the test 

reagents and for the desired durations. When required, the medium in each well was 

discarded, and the cells were washed three times, each with 1 ml of PBS. The cells were then 

detached using 500 μl of trypsin/EDTA for 6-well plates and 250 μl for 12-well plates. The cells 

were transferred into 1.5 ml microcentrifuge tubes and centrifuged at 4°C, 8000 x g for 5 min. 

The supernatant was discarded, and cells were washed using PBS and put on ice or stored at 

-20°C for further analysis. 

2.4. Proteomic and immunological methods 

2.4.1. Estimation of protein concentration using Bradford Assay 

The Bradford protein assay was used to measure the protein concentration of the samples to 

be used for enzyme-linked immunosorbent assay (ELISA) experiments. A series of standards 

were prepared by diluting lipid-free bovine serum albumin (BSA) stock solution (10 mg/ml) to 

a range of varying concentrations (10-1000 µg/ml) (Table 19). A standard curve was created 

with concentration plotted on the x-axis and absorbance plotted on the y-axis. 20 µl of the 

standards and protein samples were pipetted into a 96-well plate, and 200 µl of Bradford 

reagent (Coomassie brilliant blue 39 G-250) stock was added. The Bradford reagent was 

prepared by diluting it in distilled water (60% v/v or 1:1 v/v). The plate was incubated in a 

dark room for 15 min at room temperature. The absorption values were measured at 584 nm 

using a plate reader. The protein concentrations of the samples were computed using the 

standard curve. 
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Table 19: Preparation of standards 

Standard Volume of diluent 

Distilled water (µl) 

Volume of BSA (µl) 

(5000 µg/ml) 

Final BSA 

concentration (µg/ml) 

A 800 200 1000 

B 850 150 750 

C 900 100 500 

D 950 50 250 

E 980 20 100 

F 990 10 50 

G 998 2 10 

H 1000 0 0 
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2.4.2. Quantification of TF antigen using Quantikine® enzyme-linked immunosorbent 

assay (ELISA) kit 

The Quantikine® ELISA kit (Table 20) was used to measure the concentration of TF antigen in 

the patient’s samples. This assay employs the quantitative Sandwich enzyme immunoassay 

technique (Figure 19). The manufacturer’s protocol (396) was followed for steps including 

sample and reagent preparation, assay procedure and calculation of results. The patients’ 

samples were 2-fold diluted with Calibrator Diluent RD5-20 (150 µl of sample + 150 µl of 

Calibrator Diluent RD5-20). Before preparing, all reagents were allowed to reach room 

temperature. Recombinant Human Coagulation Factor III provided with the kit was 

reconstituted with distilled water to produce a stock solution and then diluted to 

concentrations of 7.8-500 pg/ml in the Calibrator Diluent to prepare standards (Figure 20). 

The standards were tested alongside the samples to generate a standard curve.  

100 µl of Assay Diluent RD1-89 was added to each well of the human monoclonal TF antibody-

coated 96-well plate, followed by the addition of 100 µl of standards and patient samples. 

The plate was sealed with an adhesive film and incubated for 2 hours at room temperature 

on a microplate shaker. The wells were aspirated and washed four times with the provided 

wash buffer (400 µl). 200 µl of polyclonal antibody specific for Human Coagulation Factor III 

conjugated to horseradish peroxidase was added to each well. The plate was covered and 

incubated for another 2 hours at room temperature on the shaker. The wells were washed 

four times with wash buffer following incubation. 

The substrate solution was prepared within 15 min of use by mixing an equal volume of two 

color reagents (Color Reagent A – stabilised hydrogen peroxide, Color Reagent B – stabilised 

chromogen, tetramethyl benzidine). 200 µl of the resultant mixture was added to each well. 

The plate was incubated at room temperature in the dark for 30 min. 50 µl of stop solution (2 

N sulfuric acid; H2SO4) was added to stop the reaction. The absorption of the samples was 

measured at 450 nm using a microplate reader. The concentration of the TF antigen in the 

samples was calculated using the generated standard curve.  
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Table 20: Quantikine® ELISA kit Materials 

 

Material Description 

Human coagulation factor III microplate 96-well polystyrene microplate (12 strips of 

8 wells) coated with a monoclonal antibody 

specific for human coagulation factor III 

Human coagulation factor III conjugate 21 mL of a polyclonal antibody specific for 

human coagulation factor III conjugated to 

horseradish peroxidase with preservatives 

Human coagulation factor III standard Recombinant human coagulation factor III 

in a buffered protein base with 

preservatives; lyophilised.  

Assay diluent RD1-89 11 mL of a buffered protein base with 

preservatives 

Calibrator diluent RD5-20 21 mL of a buffered protein base with 

preservatives 

Wash buffer concentrate 21 mL of a 25-fold concentrated solution of 

buffered surfactant with preservative 

Colour reagent A 12 mL of stabilised hydrogen peroxide 

Colour reagent B 12 mL of stabilized chromogen 

(tetramethylbenzidine) 

Stop solution 6 mL of 2 N sulfuric acid 

Plate sealers 4 adhesive strips 
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Figure 19: Diagram of sandwich ELISA technique used for TF ELISA 

 

 

The 96-well plate was coated with the human monoclonal TF antibody (purple). Any TF 

present (yellow) is bound by the immobilised antibody. The antigens then bind to the HRP-

conjugated human factor III antibody (green). An HRP substrate is then added, and the colour 

(blue) develops in proportion to the amount of TF antigen bound in the initial step. 
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Figure 20: Diagram representing preparation of standards for TF ELISA 

 

 

The Human Coagulation Factor III Standard was reconstituted with deionised or distilled 

water. This reconstitution produced a stock solution of 5000 pg/mL. The standard was mixed 

to ensure complete reconstitution and allowed to sit for a minimum of 5 min with gentle 

agitation before diluting. 900 μL of Calibrator Diluent RD5-20 was pipetted into the 500 pg/mL 

tube; 500 μL into the remaining tubes. The stock solution was used to produce a dilution 

series. Each tube was mixed thoroughly before the next transfer. The 500 pg/mL standard 

serves as the high standard. Calibrator Diluent RD-20 serves as the zero standard (0 pg/mL). 

(Adapted from R & D Systems, 2016) 
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2.4.3. Quantification of fVII antigen using ELISA kit 

The AssayPro Human Factor VII ELISA kit (Table 21) was used to determine the concentration 

of fVII antigen in the patient’s samples. This assay employs the quantitative sandwich enzyme 

immunoassay technique (Figure 21). The manufacturer’s recommendation (397) was 

followed for steps including sample and reagent preparation, assay procedure and calculation 

of results. 

All reagents were freshly diluted and brought to room temperature before use. Human 

coagulation fVII provided with the kit was reconstituted with MIX diluent to generate a 

standard stock solution of 200 ng/ml and then diluted to concentrations of 3.125 - 200 ng/ml 

in the MIX diluent to prepare standards (Table 22). The MIX diluent was the zero standards (0 

ng/ml). The standards were tested alongside the samples to generate a standard curve.  

50 µl of Human fVII standards and patient samples were added to each well of the human 

monoclonal fVII antibody-coated 96-well plate. The plate was sealed with an adhesive film 

and incubated for 2 hours at room temperature on a microplate shaker. The wells were 

aspirated and washed five times with the provided wash buffer (300 µl). 50 µl of Biotinylated 

polyclonal human fVII antibody was added to each well. The plate was covered with sealing 

tape and incubated for 1 hour at room temperature on the shaker. The wells were washed 

five times with wash buffer following incubation.  

50 µl of streptavidin-peroxidase (SP) conjugate was added to each well; the plate was covered 

with a sealing tape and incubated at room temperature for 30 min in the dark. The wells were 

again washed five times with wash buffer. After this, 50 µl of Chromogenic substrate (a 

stabilised peroxidase chromogen substrate tetramethylbenzidine) was added to each well to 

coat the wells thoroughly and incubated in ambient light for 25 min or till optimal blue colour 

density developed. Then 50 µl of stop solution (0.5 N hydrochloric acid; HCl) was added to 

stop the reaction. The absorption of the samples was measured at 450 nm using a microplate 

reader. The concentration of the fVII antigen in the samples was calculated using the 

generated standard curve. 
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Table 21: AssayPro Human Factor VII ELISA kit 

Material Description 

Human factor VII microplate A 96-well polystyrene microplate (12 strips 

of 8 wells) coated with a monoclonal 

antibody against human factor VII. 

Human factor VII standard Human factor VII in a buffered protein base 

(640 ng, lyophilised) 

Biotinylated human factor VII antibody 

(50x) 

A 50-fold concentrated biotinylated 

polyclonal antibody against human factor 

VII (120 µl) 

MIX diluent concentrate (10x) A 10-fold concentrated buffered protein 

base (30 ml) 

Wash buffer concentrate (20x) A 20-fold concentrated buffered surfactant 

(30 ml, 2 bottles) 

SP conjugate (100x): A 100-fold concentrate (80 µl) 

Chromogen substrate (1x) A stabilised peroxidase chromogen 

substrate tetramethyl benzidine (7 ml) 

Stop solution (1x) A 0.5 N hydrochloric acid solution to stop 

the chromogen substrate reaction (11 ml) 

Sealing tapes 3 pre-cut, pressure-sensitive sealing tapes 

that can be cut to fit the format of the 

individual assay 
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Figure 21: Diagram of sandwich ELISA technique used for fVII ELISA 

 

 

The 96-well plate is pre-coated with a monoclonal antibody (purple) specific for human fVII. 

FVII (yellow) in standards and samples is sandwiched by the immobilised antibody. A 

biotinylated polyclonal antibody specific for human fVII (green) is recognised by the SP 

conjugate (green circle). Peroxidase enzyme substrate (orange) is added, and colour (blue) 

develops in proportion to the amount of fVII antigen bound in the initial step. 
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Table 22: Preparing human fVII standard 

 

Standard Point Dilution FVII (ng/ml) 

P1 1 part Standard (200 ng/ml) 200 

P2 1 part P1 + 1 part MIX Diluent 100 

P3 1 part P2 + 1 part MIX Diluent 50 

P4 1 part P3 + 1 part MIX Diluent 25 

P5 1 part P4 + 1 part MIX Diluent 12.5 

P6 1 part P5 + 1 part MIX Diluent 6.25 

P7 1 part P6 + 1 part MIX Diluent 3.125 

P8 MIX Diluent 0.0 
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2.4.4. Separation of protein using sodium dodecyl sulphate-polyacrylamide gel 

electrophoresis (SDS-PAGE) 

Prepare samples: To prepare the samples for SDS-PAGE, Laemmli buffer (2% w/v SDS, 10% 

v/v glycerol, 5% v/v 2-mercaptoethanol, 0.002% w/v bromphenol blue and 62.5 mM Tris-HCl, 

pH 6.8) was used to lyse the cells. The samples were transferred to microfuge tubes and boiled 

in a dry heating block for 10 min at 95°C to denature the proteins. They were allowed to cool 

down at room temperature for 2 min and then centrifuged at 12,225 x g for 1 minute. 

Prepare separating gel: For most experiments, 12% (w/v) separating gel was used. It was 

prepared by mixing 4 ml acrylamide solution (30% w/v acrylamide, 0.8% w/v bis-acrylamide), 

2.6 ml resolving buffer (1.5 M Tris-HCl pH 8.8, 0.4% w/v SDS), 3.3 ml de-ionised water and 100 

μl ammonium persulphate (10% w/v). The solution was then gently and thoroughly mixed, 

and 10 μl of N, N, N’, N’-tetramethylethylenediamine (TEMED) was added to initiate 

polymerisation. 

The solution was poured between the glass electrophoresis plates in a gel caster and covered 

with a layer of butanol (100%). The gel was kept for 1 hour at room temperature to complete 

polymerisation. Butanol was removed once the gel was set. 

Prepare stacking gel: A 4% (w/v) stacking gel was prepared by mixing 0.65 ml of the 

acrylamide solution, 1.3 ml stacking buffer (0.5 M Tris-HCl pH 6.8, 0.4% w/v SDS), 3 ml de-

ionised water and 100 μl ammonium persulphate (10% w/v). The solution was gently mixed, 

and 10 μl of TEMED was added. 

The solution was poured on top of the separating gel, an appropriate comb was inserted, and 

the gel was allowed to polymerise for about 1 hour at room temperature. 

Electrophoresis: The comb was removed, and the gel was transferred to an electrophoresis 

tank (BioRad Mini-PROTEAN TETRE Cell). 10 - 15 µl of samples were loaded into the wells. 6 

µl of pre-stained protein molecular weight markers (10 - 260 kDa) were loaded into an 

adjacent well. The gel was covered with electrophoresis buffer (25 mM Tris-HCl pH 8.3, 192 

mM glycine, 0.1% w/v SDS), and electrophoresis was carried out at 100 V for 120 min. 
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2.4.5. Western blot method 

Once electrophoresis was complete, the gel was removed from the glass plate to transfer the 

separated proteins onto a nitrocellulose membrane. The blotting (filter) papers and 

nitrocellulose membrane were soaked in transfer buffer (20 mM Tris-HCl, 150 mM glycine, 

20% (v/v) methanol, pH 8.3). The gel sandwich was set up by placing the gel over the 

nitrocellulose membrane between the blotting papers and sponges on either side and then 

placed in a gel cassette holder. 

The holder was transferred to a transfer tank containing a transfer buffer. The proteins were 

allowed to transfer at 70 V for 1 hour at 4° C.  

Once the proteins were transferred, the nitrocellulose membrane was blocked with TBST (150 

mM NaCl, 10 mM Tris-HCl pH 8, 0.05% Tween 20 (w/v)) for 2 hours at room temperature with 

shaking to avoid non-specific binding. The membrane was then incubated overnight at 4°C 

with an appropriate primary antibody diluted in TBST against the protein of interest (specific 

for each chapter). For every experiment, one membrane was incubated with an antibody 

against the housekeeping gene glyceraldehyde-3-phosphate dehydrogenase (GAPDH) to 

ensure equal protein loading in each lane and establish the successful transfer of proteins 

from gel to membrane.  

On the following day, the membranes were washed three times (10 min each time) with TBST 

and once with distilled water. They were subsequently incubated with appropriate alkaline 

phosphatase (AP) conjugated secondary antibodies against mouse, rabbit or goat (specific for 

each chapter) in 10 ml of TBST in a shaker for 60 min at room temperature. The membranes 

were rinsed thrice with TBST and once with distilled water.  

The protein band were developed using Western Blue stabilised substrate for alkaline 

phosphatase. Images of the membranes were taken with a digital camera and analysed using 

ImageJ v1.48 software. 
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2.4.6. Immunofluorescence microscopy 

hTERT-HPNE cells (5 x 104) were seeded in a 96-well plate and allowed to adhere overnight. 

Selected wells were incubated with TGFβ (5 ng/ml) or PAR2-AP (20 µM) at 37°C for 1 day. The 

cells were then fixed for 20 mins with 4% (v/v) formaldehyde at room temperature and 

washed three times with PBST (PBS containing 0.1% v/v Tween-20; 100 µl). The cells were 

blocked with 3% BSA solution (100 µl) for 30 mins at room temperature. Samples were 

incubated with either R-phycoerythrin (PE)-conjugated anti-E-cadherin antibody or Alexa 

Fluor (AF) 488-conjugated anti-N-cadherin antibody (100 µl; diluted 1:200 in 3% FBS solution) 

at 4°C overnight. The samples were washed three times with PBST (100 µl). The nuclei were 

stained with 4′,6-diamidino-2-phenylindole (DAPI; 0.4 µg/ml diluted in PBST) for 20 min at 

room temperature. The samples were then washed twice in PBST and images were captured 

using a fluorescence microscope controlled by the Zen 2012 SP1v8.1 software (Carl Zeiss 

Microscopy). The amount of fluorescence in each sample was quantified using the ImageJ 

program. 

2.5. Molecular methods 

2.5.1. Quantification of cDNA using RT-qPCR (reverse transcription-quantitative 

polymerase chain reaction) 

Real-time RT-qPCR was used for relative quantification of mRNA for detection and 

observation of variation of gene expression by measuring cDNA. Monarch® total RNA 

Miniprep Kit was used to purify RNA samples. GoTaq® 1-Step RT-qPCR System and iCycler 

Real-Time PCR machine (BioRad) were used for the PCR reaction according to the 

manufacturer’s protocols (398).  

2.5.2. Preparation of purified RNA sample using Monarch® total RNA Miniprep Kit 

Cell pellets from cultured cell lines were resuspended in RNA lysis buffer (300 µl) (Figure 22). 

The sample was transferred to the genomic DNA (gDNA) removal column and centrifuged for 

30 seconds to remove most of the gDNA. An equal volume of ethanol (≥95%) was added to  
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Figure 22: Sample disruption and homogenisation 

 

Disruption and lysis cultured cells using RNA lysis buffer (Adapted from New England Biolabs, 

2020). 
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the follow-through and mixed thoroughly by pipetting. After that, the mixture was transferred 

to an RNA purification column and centrifuged for 30 seconds. The column matrix was then 

incubated with DNase (5 µl DNase with 75 µl DNase reaction buffer) for 15 min. 500 µl of RNA 

priming buffer was added, centrifuged for 30 seconds, and the follow-through was discarded. 

The column was washed twice with RNA wash buffer and centrifugation for 30 seconds at 

12,225 x g followed by 2 min at 12,225 x g. RNA was eluded by adding 50 µl of nuclease-free 

water to the centre of the column matrix and centrifuging for 30 seconds (Figure 23). Purified 

RNA was collected in an RNase-free microfuge tube. All centrifugation steps were performed 

at 12,225 x g. 

To determine the concentration of the isolated RNA, the absorption of the RNA sample was 

measured at 260 nm using a spectrometer. The RNA concentration (μg/ml) was calculated 

according to the Beer-Lambert law using the equation: 

RNA concentration (μg/ml) = Absorption (260 nm) x 40 

The 260:280 ratio was also calculated to determine the purity of the RNA. An RNA sample 

with a ratio of 1.8-2.1 was deemed sufficient purity for RT-qPCR reactions. All samples were 

stored at -80 °C and used within 20 days of RT-qPCR.  

The RT-qPCR reaction was prepared by combining the GoTaq® qPCR Master Mix (10 µl), 

GoScript™ RT Mix (0.4 µl), specific primer (1 µl, 0.5 µM final concentration) and nuclease-free 

water (7.6 µl). The final reaction volume for this protocol is 20 µl. Following a brief vortex of 

the mixture, an appropriate volume of reaction mix was added to each PCR tube or well of an 

optical grade PCR plate. A purified RNA sample template (1 µl; 7.5-10 ng/µl final concentration) 

or water for no template control reaction was added to the appropriate wells of the reaction 

plate (Figure 24). A reaction without the GoScript™ RT Mix was performed in order to test for 

the presence of contamination or foreign DNA. Each reaction was divided between 2 wells in 

a 96-well PCR plate. The plate was sealed, centrifuged briefly to collect the content of the 

wells at the bottom and placed in the iCycler Real-Time PCR machine. The cycling parameters 

in Table 23 were used as a guideline for amplification. 
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Figure 23: RNA binding and elution 

 

Workflow for RNA Purification using the Monarch Total RNA MiniPrep Kit (Adapted from New 

England Biolabs, 2020). 
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Figure 24: Overview of the GoTaq® 1-Step RT-qPCR protocol 
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Table 23: Standard thermocycling conditions for RT-qPCR 

Step Cycles Temperature Time 

Reverse transcription 1 ≥ 37°C 15 min 

Reverse transcriptase inactivation and 

GoTaq® DNA Polymerase activation 

1 95°C 10 min 

 

Protocol for qPCR 

Cycle Step Number of cycles Temperature Time (min) 

1 Step 1 X 1 50°C 02:00 

2 Step 1 X 1 95°C 02:00 

3 Step 1 Denaturation X 40 95°C 00:15 

Step 2 Annealing 60°C 01:00 

Data collection 

4 Step 1 X 1 95°C 01:00 

5 Step 1 X 1 50°C 01:00 

6 Step 1 X 60 60°C 00:05 

Increase setpoint temperature after cycle 2 by 0.5°C 

Melt curve data collection 

7 Step 1 X 1 4°C HOLD 
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The iCycler iQ v3.1 software was used to calculate the cycle threshold (Ct) for each sample, 

and the relative gene expression levels were calculated using the following equation (399):  

2-((Ct(TE)-Ct(HE)) - (Ct(TC)-Ct(HC))) 

TE = Test gene experimental sample 

HE = Housekeeping gene experimental sample 

TC = Test gene control sample 

HE = Housekeeping gene control sample 

 

For all PCR experiments in this study, β-actin was used as the housekeeping gene. A melt curve 

was performed to ensure the presence of a single amplicon for each primer set. The Ct value 

of a well was not used if the melt curve peak temperature varied more than 0.5°C on either 

side of the predicted melt curve peak value, as this will indicate that an incorrect sequence 

was amplified. 

ln all RT-qPCR experiments the MIQE guidelines (400) were adhered to the best of our ability 

covering experimental design, sample quality and extraction, use of appropriate controls, 

normalisation, data analysis and reporting. 

2.6. Statistical analysis 

The graphical figures show the mean value of the experiments with the standard error of the 

mean (SEM) or standard deviation (SD) as stated in the legends. Statistical analysis was 

performed using the Statistical Package for the Social Sciences (SPSS) program v28 (IBM). 

Kolmogorov-Smirnov test was used to check for normal distribution, and a reading of p > 0.05 

indicated normal distribution. Levene's Test of Equality of Variance was used to check if the 

variances of the two groups were equal, and a reading of p > 0.05 indicated they could be 

treated as equal. For comparing two normally distributed groups with equal variables, the 

independent sample t-test was used, and a p-value of < 0.05 was considered significant. For 

experiments with multiple variables, a one-way ANOVA test was used, and a p-value of < 0.05 

was considered significant. 
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Chapter 3 

 

3. Investigation of tissue factor as an early indicator of malignant 

transformation in pancreatic cystic lesions 
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3.1. Introduction 

The Study of Tumour Regulatory Molecules as Markers of Malignancy in Pancreatic Cystic 

Lesions (TEM-PAC) is an umbrella study of tumour regulatory molecules in the context of 

malignant pancreatic transformation (REC reference number 18/LO/0736). The aim of this 

study is to identify novel regulatory molecules and genetic changes associated with PC 

development. The study employs conventional techniques and platform technologies to 

measure the levels of these molecules in pancreatic cysts of patients who are strongly 

suspected of having PC and have undergone EUS or surgery. The study aims to determine if 

these molecules can serve as markers for the early detection of pancreatic cancer. 

TF/ fVIIa tumour-regulatory signalling molecules were investigated under the umbrella of the 

TEM-PAC study and are the subject of the study of this thesis. A detailed review of these 

pathways and their signalling has been discussed in section 1.7.3. Briefly, TF can influence 

pathological processes through its ability to initiate intracellular signalling. It plays a central 

role in the coagulation cascade. It is consistently upregulated in a large spectrum of human 

malignancies, including pancreas, liver, brain, colon, gastric, bladder, prostate, melanoma, 

ovary, leukaemia and other haematopoietic malignancies (Table 10)(4).  

On tumour cells, flTF binds to an inactive precursor, fVII, leading to the formation of a complex, 

flTF:fVII. This complex rapidly converts fVII into an active enzyme, fVIIa. The flTF:fVIIa complex 

then activates another enzyme, Factor X, leading to the formation of a ternary complex called 

flTF:fVIIa:fXa. These complexes (flTF:fVIIa, flTF:fVII:fXa) cleave several PARs belonging to the 

seven-transmembrane G protein-coupled receptor family, which initiate a diverse array of 

functions via coagulation-dependent and independent mechanisms (section 1.7). 

Pre-clinical studies have revealed the impact of TF on gene expression and cell phenotype, 

tumour growth, angiogenesis, metastases and formation of cancer stem cell niches (13, 14). 

Likewise, the role of oncogenic transformation and TME as regulators of TF is also well 

recognised. TF serves as the primary initiator of the blood coagulation cascade due to its 

receptor activity for fVII, which helps in rapid haemostasis during organ damage. 
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Inflammatory cytokines, such as TNFα or ILs, can induce the expression of both flTF and asTF 

in endothelial and blood cells. Aside from its haemostatic function, TF has signalling activity 

and can stimulate various inflammatory responses via PARs with other coagulation factors. 

Activation of PARs can lead to the release of pro-inflammatory cytokines, chemokines, and 

growth factors, contributing to the amplification of the inflammatory response. Overall, TF 

and fVII play crucial roles in the complex interplay between coagulation, inflammation, 

immunity and cancer (Figure 25). 

 This suggests that TF is either an epiphenomenon associated with some common 

pathological occurrence during the malignant process or contributes to this process as an 

integral part or both (401). The elevated expression of TF in cancer may involve cancer cells, 

adjacent stroma (blood vessels, fibroblastic and inflammatory cells) and circulating blood (211, 

402). The shedding of TF+MV from cancer cells, their entry into the circulation and their role 

in the intercellular transfer of TF activity, cancer coagulopathy and other processes are of 

growing interest (403).  

Our team and others have already shown the relationship of TF+MV and TF expression in PC 

(404, 405), with a substantial reduction in circulating TF+MV levels being observed post 

resective surgery in pancreatic cancers with positive TF expression (404). 

Cancer cell TF expression and level in plasma have been correlated with histological grade, 

aggressiveness and poor prognosis. They can reach up to 1000-fold in pro-metastatic cells 

compared to their normal counterparts (4-6, 259, 406). Pro-oncogenic events, such as 

mutations in the tumour suppressor TP53 and proto-oncogene KRAS activate MAPK and 

PI3K/AKT signalling pathways, stimulating TF expression (212, 407). Amplification of EGFR or 

its constitutively active form, EGFRvIII (214, 408), loss of tumour suppressor Pten or E-

cadherin (216, 217, 408) leads to TF upregulation. Cancer-associated hypoxia also stimulates 

TF expression via hypoxia-associated signalling molecules (219, 220). 

Likewise, there is considerable evidence of an association between TF expression and tumour 

invasiveness (283), metastatic properties (409) and malignant phenotype (211), which  
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Figure 25: The interplay between cancer, coagulation and inflammation 

 

TF impacts various aspects of cancer biology, such as gene expression, cell phenotype, tumour 

growth, angiogenesis, metastasis, and cancer stem cell niches. TF is primarily involved in the 

blood coagulation cascade, leading to rapid haemostasis during organ damage. Inflammatory 

cytokines such as TNFα or ILs induce the expression of TF in endothelial and blood cells. TF 

also has signalling activity and can stimulate various inflammatory responses via PARs, leading 

to the amplification of the inflammatory response. TF and fVII play crucial roles in the complex 

interplay between coagulation, inflammation, immunity, and cancer. 
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suggests that TF is a major contributor to phenotypic alterations that induce cancer 

invasiveness as well as angiogenesis which is necessary for tumour growth (211, 410). 

In addition, the involvement of the coagulation system has been identified as a generic 

enabling mechanism for cancer progression affecting early, mid and late stages of cancer. 

There is evidence of early involvement of the coagulation system with the notion that tumour 

initiation could be blocked by TF-neutralizing antibodies (411). Blockade of TF-dependent 

signalling in colorectal, brain and breast cancer models resulted in reduced tumour growth 

and angiogenesis, thereby influencing early and intermediate stages of cancer (173, 412). 

Furthermore, there is evidence of the role of TF as a switch that may promote the transition 

from a dormant (non-tumourigenic) or latent (delayed-tumourigenic) state of cancer 

progression (413). The presence of TF at a biologically relevant level in the tumour 

microenvironments may lead to the cessation of dormancy by modifying the functional state 

and molecular evolution of tumour cells and driving the dynamic formation of growth-

promoting functional units. TF is well-known as a pro-inflammatory mediator (Section 1.7.3.6). 

During injury or other events that lead to a procoagulant or proinflammatory response, an 

enforced expression of TF can interrupt the state of cell dormancy (e.g. damaged endothelial 

cells) and induce mechanisms of angiogenesis, invasion and propagation which, when 

dysregulated, typically characterise the cancer cell state. The exact drivers for the malignant 

transformation from low-grade to HGD or invasive phenotype are not known in pancreatic 

cancer. A pro-inflammatory and pro-proliferative mediator like TF may play a crucial role in 

the initiation of early events of tumourigenesis.  

TF expression is high in localised pancreatic cancer. Its appearance in the early stages of 

pancreatic neoplastic transformation is confirmed by increased expression in pancreatic 

precursor lesions, including PanINs and IPMNs (5, 6, 259).  

The interaction between TF and fVIIa has been linked to the potential for cell proliferation. 

High levels of TF exposure can lead to cell cycle arrest at the G1/S checkpoint and induce cell 

apoptosis (414-416). EC and eosinophils lacking fVIIa have been shown to be more susceptible 
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to apoptosis when exposed to TF+MV (417, 418). During inflammation, disease, or injury, TF 

is released within MV, which interacts with EC and can be cleared by endocytosis. The inability 

of cells to effectively process TF is harmful to EC (419). A novel study from our lab (420) 

investigated the effects of different ratios of fVIIa to TF within MV on cultured primary 

endothelial cells. The researchers found that the fVIIa:TF ratio determined whether the cells 

underwent apoptosis or proliferation, with a transition from pro-apoptotic to proliferative 

properties occurring at an estimated ratio of 15:1. The study also showed that the 

concentration of TF with which the cells came into contact was a critical factor in determining 

the outcome, in addition to the fVIIa:TF ratio. The activation of PAR2 was necessary for the 

pro-apoptotic function of MV, and inhibition of PAR2 prevented this function. The study 

concluded that the ratio of fVIIa:TF determines the outcome in endothelial cells, resulting in 

either proliferation or apoptosis, and the pro-coagulant activity of TF is a pre-requisite for 

both proliferative and pro-apoptotic activities, requiring interaction with fVII. Higher molar 

ratios of 54:1 and 38:1 were observed in the HepG2 hepatocellular line and MCF-7 breast 

cancer, whereas the ratio was lower in the BxPC-3 pancreatic cancer cell line. However, the 

reported ratios may not accurately represent the real ratios for the transition from the 

proapoptotic to proliferative form since the study only used exogenous fVIIa and TF in 

calculating the ratios. Repeated exposure of EC to TF+MV resulted in the depletion of cellular 

fVII reserves, suggesting that chronic exposure to such MV may exhaust the ability of EC to 

counteract the proapoptotic property of TF. 

In this context, we examined the potential of TF and fVII concentrations within the pancreatic 

cystic fluid as an indicator of malignant cellular transformation from benign to malignant, with 

particular emphasis on distinguishing LGD from HGD/already malignant lesions. 

3.2. Aim 

The primary aim of this TEM-PAC sub-study was to assess the accuracy of TF and fVIIa as 

markers classifying resective (malignant and HGD requiring resection) vs non-resective 

(benign and LGD, not requiring resection). 
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The objectives were to: 

a) Assess cyst TF and fVIIa as co-markers of malignancy 

b) Compare cyst TF and (or) fVIIa with the conventional markers/criteria (radiological 

and pathological) currently in use 

c) Explore whether the levels of serum TF levels in patients reflected those detected in 

the cysts and had any diagnostic value compared to a control cohort as well as 

known locally advanced cancers  
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3.3. Study Design 

This is a sub-study of the TEM-PAC umbrella study.  

TEM-PAC is a prospective feasibility study. The main study aim is to collect samples from 50 

patients with a pancreatic cyst, 50 patients with localised PC (resectable and non-resectable) 

and 80 patients with benign hepatobiliary conditions and normal controls (age and gender 

matched, Appendix 1 & 2). The control population would comprise 20 patients with acute 

pancreatitis with non-resolving pseudocysts, 20 patients undergoing cholecystectomy for 

stones, 20 undergoing cholecystectomy for inflammation, and 20 undergoing endoscopy for 

dyspepsia. The dyspepsia group was classified as “normal controls” (Figure 26).  

Samples, including cyst fluids, serum and urine from the index cases, were collected before 

the commencement of any anti-cancer treatment. 

The present study focused on the analysis of cyst fluid to identify an indicator of malignant 

transformation from benign to an invasive phenotype. The profile of the available samples for 

this study can be seen in Figure 27.  

3.4. Ethical Approval 

The TEM-PAC study has approval from Research Ethics Committee (REC) and Health Research 

Authority (HRA) and had confirmation from the trust R&D capacity and capability. The REC 

reference number is 18/LO/0736, and the R&D reference number is R2224 with the  

amendments (Appendix 2) 

All samples were collected, maintaining patients’ safety and convenience. Cyst fluid obtained 

for this study was only provided if it was surplus to the sample amount needed for the 

requirements for routine analyses. Blood samples were collected at the same time as other 

routine tests. Urine samples were collected for the TEM-PAC study but were not used for the 

current study (Figure 26).  
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Figure 26: Study design within the umbrella study ‘TEM-PAC’ 

 

 

The study TEM-PAC aims to collect samples from 50 patients with a pancreatic cyst (Cyst fluid, 

serum/blood and urine), 50 patients with localised PC (resectable and non-resectable, 

serum/blood and urine) and 80 patients with benign hepatobiliary conditions and normal 

controls (serum/blood and urine). For this sub-study, samples collected till November 2021 

were released for analysis, 31 for the  cyst cohort, 29 for the cancer cohort and 12 for the 

control cohort. Cyst fluid and serum samples were analysed for indicator of malignant 

transformation (highlighted in blue dashed line).  
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Figure 27: Cyst study cohort  
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It is important to note that the initial protocol specified that blood serum, cystic fluid, and 

urine samples were required. However, subsequent amendments were made to include 

plasma and whole blood to accommodate the bioinformatics studies that were planned 

(Appendix 2). Figure 27 shows the number of patients included and the numbers breakdown 

between the resective and the non-resective groups. 

For this particular sub-study, blood serum was the only human tissue that was consistently 

available in all of the cases. As a result, it was used for this exploratory investigation. 

A unique patient identifier was allocated for all patients in this study to ensure anonymity. 

This unique number for the individual patient was used as a coding number for sample 

collection, data collection, and filling out the case report form (CRF). The same number was 

used for reporting results. A document linking the code numbers and patient’s identification 

is secured in a locked cabinet in the Queen’s Centre for Oncology and Haematology Trials 

Office at Castle Hill Hospital, Hull University Teaching Hospital NHS Trust. Only the authorised 

study team members had access to the information, and the researchers performing the 

laboratory analysis were blinded. In my position as an hepatopancreaticobiliary (HPB) fellow 

with clinical responsibilities (including HPB clinic and Hepatobiliary and 

Pancreatic Multidisciplinary Team (HPB MDT)), I played a key role in identifying and enlisting 

most of the participants for the study. Additionally, I oversaw the research nursing team, and 

my main focus was overseeing the acquisition of cystic fluid samples. However, due to the 

COVID-19 pandemic, the overall TEM-PAC study had to be put on hold for 9 months (March 

2020 - November 2020). During this time, I was redeployed to frontline clinical work within 

the Hull University Teaching Hospitals (HUTH) NHS trust, as per the guidance provided by 

Yorkshire & the Humber Health Education England (Y&H HEE) and the medical school. 

Similarly, the research nursing team was also reassigned to clinical work for a period of 8 

months. 

The study is conducted in accordance with the International Conference for Harmonisation of 

Good Clinical Practice (ICH GCP) guidelines and the Research Governance Framework for 
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Health and Social Care. All samples were registered in the university system (University of Hull) 

in line with the Human Tissue Act (HTA) regulations. 
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3.5. Materials and Methods 

3.5.1. Subject Selection 

Patients were recruited into three groups as part of the TEM-PAC study. This included a cyst 

cohort, a cancer cohort and a control cohort.  

The patients for the cyst cohort were selected from the patients who had a pancreatic cyst 

with suspected malignancy and were under follow-up for PCL. These patients are investigated 

further with EUS-FNA or undergo surgical resection, and this group is the main cohort for the 

sub-study in this thesis.  

The PC cohort included patients diagnosed with localised pancreatic cancer. This consisted of 

patients undergoing successful surgical resection, patients with whom resection was 

attempted but failed and patients with radiologically inoperable and locally advanced cancers. 

A control cohort is planned to be age, and gender-matched to the 50 ‘cyst’ patients with full 

set of samples. This group can only be completely recruited and mapped once the whole cystic 

cohort has accrued. The control cohort will include patients undergoing hepatobiliary surgery 

or endoscopic interventions for benign inflammatory conditions, for example, endoscopic 

retrograde cholangiopancreatography (ERCP), biliary drainage and stenting, endoscopic cyst 

gastrostomy for pancreatic pseudocyst. This group has also been delayed in recruitment due 

to the COVID-19 disruption of elective surgery and endoscopic lists.  

For the main protocol, please see appendix 1. Below is a summary of the main points. 

3.5.2. Inclusion and Exclusion Criteria 

The inclusion and exclusion criteria for the study are outlined in the main TEM-PAC protocol 

in Appendix. The general criteria for inclusion require participants to be at least 18 years old 

and capable of providing written informed consent. Exclusion criteria include the inability to 

provide written informed consent, known communicable diseases such as human 
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immunodeficiency virus (HIV) and hepatitis C virus (HCV), and a history of other malignant 

conditions within the last five years. 

For the pancreatic cyst cohort, individuals with cystic lesions that require further diagnostic 

intervention procedures, including EUS-FNA as agreed upon by the MDT, are eligible for 

inclusion. Alternatively, patients with resectable lesions suspicious of pancreatic malignancy 

and recommended for surgery by the MDT can also be included. 

In the PC cohort, participants with localised PC that can be removed through resection, such 

as distal pancreatectomy, total pancreatectomy, or Whipple's procedure, are eligible for 

inclusion. Additionally, patients with inoperable localised PC referred for further management, 

such as the malignant control subgroup, can be included. 

Lastly, the control cohort includes participants referred for endoscopic cystogastrostomy for 

complicated acute pancreatitis characterised by peripancreatic fluid collections and 

pseudocysts in development or matured, non-resolving and requiring further intervention. 

Those referred for cholecystectomy for cholecystitis/cholelithiasis or endoscopy investigation 

for dyspepsia are also included as part of the normal control subgroup. 

3.5.3. Subject recruitment 

The potential patients were identified through the pancreatic multidisciplinary meeting or 

outpatient clinic. Those eligible were approached by the research team member. A patient 

information leaflet (PIF) specific to each cohort of patients (see appendix) explaining the 

purpose and structure of the study was provided to all patients at the first contact. This was 

usually at the consultation with the specialist team after discussing their further treatment or 

diagnostic plan. In such a way, they had enough time to consider and discuss their 

participation with their family, friends and general practitioner. We ensured that the patients 

were fully informed on the conduct of the study and had access and contact to the research 

team with any questions.  
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3.5.3.1. Pancreatic cyst cohort 

The patients approached for the cyst cohort either had high stigmata features or ≥2 

worrisome features. High-risk stigmata include main pancreatic duct diameter (MPD) ≥10 or 

enhancing solid component within the cyst. The worrisome features had cyst size ≥ 3 cm, 

thickening or enhancing cyst wall, non-enhancing mural nodule, MPD 5-9 mm, and abrupt 

change in calibre of MPD diameter with distal atrophy.  

The research team approached the patients during the consultation, in which they were 

informed that they needed to have the cyst aspirated. After two to four weeks, they were 

consented when they attended the endoscopy procedure, and the study samples were taken. 

For cases who went directly to surgery, consent was taken on their scheduled appointment, 

and cyst fluid samples were taken ‘on the table’ (Figure 28).  

3.5.3.2. Pancreatic cancer cohort 

Most of the patients with resectable localised PC patients were inpatients in surgical wards. 

A research team member approached them in the hospital ward. They were given at least 24 

hours to consider participation before the designated research nurse took consent in 

accordance with Good Clinical Practice (GCP). Blood samples were taken at the same time as 

phlebotomy for regular investigations. Patients with non-resectable locally advanced PC were 

approached at their scheduled outpatient clinic appointment in Oncology. Participants who 

were interested consented at their pre-assessment appointment at the nurse-led 

chemotherapy clinic 1-2 weeks after the initial consultation. Samples were taken 

simultaneously with their first blood before commencing chemotherapy (Figure 29). 

3.5.3.3. Control Cohort 

Control patients due to have cholecystectomy were initially contacted by telephone with 

information about the study at least one week before they attended their pre-assessment 

appointment. The designated research nurse took consent at the pre-assessment 

appointment, and blood samples were taken at the same time as pre-assessment blood.  
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Figure 28: Cyst patient pathway 
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Figure 29: Pancreatic cancer patient pathway 
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Patients were given a urine sample bottle at this appointment and asked to bring a urine 

sample when they attended for cholecystectomy. 

Patients with complicated acute pancreatitis have a repeat CT scan at 6-8 weeks to determine 

whether the pseudocyst has resolved/was resolving. Control patients with non-resolving 

pseudocysts were approached with information about the study at their first clinic 

appointment after the repeat CT scan. Consent and study samples were taken when they 

attended the EUS suite for endoscopic cystogastrostomy. 

A research team member initially approached control patients with dyspepsia during an 

appointment at the EUS suite for an endoscopy. Consent was taken by the designated 

research nurse at the follow-up consultation in the gastric clinic one to two weeks after their 

endoscopy. Blood samples were taken at the same time as scheduled follow-up blood, and 

patients were asked to provide a urine sample at this appointment (Figure 30). 

3.5.4. Samples collection 

3.5.4.1. Cyst fluid Samples 

The top third of the drained cystic fluid (3 to 10 ml) was collected in a sterile tube with no 

preservatives; the amount was less for smaller cysts with a solid component. For a proportion 

of cases, there was no cystic fluid made available for research purposes. Fluid was stored at -

80°C freezer.  

3.5.4.2. Serum samples 

10 ml blood (2x yellow-top tubes) was collected per patient. Samples were centrifuged at 

1000-2000 x g to separate out serum fractions. The serum fraction was transferred to a fresh 

sterile container before storage in a -80°C freezer. 

3.5.5. Data collection 

All samples were coded with a unique identifier before transport to the laboratories. They 

were numbered consecutively, starting from CHH 001, CHH 002, CHH 003, etc. Laboratory  
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Figure 30: Control patient pathway 
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experiments were done in a blinded fashion. All data reported was anonymous and identified 

by a study number only. 

Data were collected on a CRF (see appendix), including the type of cyst, volume removed, 

final histological diagnosis and stage. Data were collected and retained in accordance with 

the Data Protection Act 2018 and the General Data Protection Regulation (GDPR).  

All data are stored on password-protected NHS computers, with user-restricted access and in 

adherence to the Trust Information Governance Policy. Data were transferred to the 

University of Hull encrypted over a secure network. IT Services Department has a backup 

procedure approved by auditors for disaster recovery. Study documents (paper and electronic) 

are retained in a safe location. 

3.5.6. Enzyme-linked immunosorbent assay (ELISA) 

The Bradford assay was used to measure the total protein concentration of cyst fluid samples 

(Section 2.4.1). Before assessing the protein concentration in cyst fluid samples, a test assay 

was performed using two cyst fluids at different concentrations. The fluid samples (019 and 

075) were diluted in PBS at 75% v/v, 50% v/v and 25% v/v. Without dilution, the protein 

concentration of one of the cyst fluids was outside the range of the upper end of the standard 

curve. Following this trial assay, the cyst fluid samples were diluted in PBS at 1:10 (10% v/v, 2 

µl cyst fluid in 18 µl of PBS) before running the Bradford assay to ensure the correct 

measurement of the cyst fluid protein concentration. 

The Quantikine® ELISA kit was used to measure the concentration of TF antigen in the 

patient’s cyst fluid and serum samples (Section 2.4.2). This kit is among several TF-ELISA kits 

that have been used in published reports, and their applications differ by study (421). The 

Quantikine kit was found to exhibit a significant correlation with TF levels, indicating that it is 

a suitable tool for detecting TF derived from cancer cells (422-425). This assay applies the 

quantitative sandwich enzyme immunoassay technique. All samples were 2-fold diluted with 

Calibrator Diluent RD5-20 (150 µl of sample + 150 µl of Calibrator Diluent RD5-20), and the 

test was performed in duplicates. Standards and samples are pipetted into the wells of a 
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monoclonal antibody specific for human Coagulation Factor III pre-coated microplate. The 

immobilised antibody binds any Coagulation Factor III present in the standards and samples. 

Any unbound substances are washed, and an enzyme-linked polyclonal antibody specific for 

human Coagulation Factor III is added to the wells. After a wash, a substrate solution is added 

to the wells to remove any unbound antibody-enzyme reagent. Colour develops in proportion 

to the amount of Coagulation Factor III bound in the initial step. The colour development is 

stopped, and the intensity of the colour is measured. 

The AssayPro Human Factor VII ELISA kit was used to determine the concentration of fVIIa 

antigen in the patient’s cyst fluid sample (Section 2.4.3). This assay employs a similar 

quantitative sandwich enzyme immunoassay technique except for a biotinylated polyclonal 

antibody specific for human fVII is used, which is recognised by a SP conjugate. 50 µl of each 

sample was used for this assay. 

The ELISA method was chosen as it has several advantages over other techniques. Firstly, it 

has a simple procedure, which makes it easy to use. Secondly, it is highly specific and sensitive 

due to the antigen-antibody reaction it employs. Thirdly, it is highly efficient since 

simultaneous analyses can be conducted without complex sample pre-treatment. Fourthly, it 

is generally considered safe and eco-friendly because it does not require radioactive 

substances or large amounts of organic solvents. Finally, the ELISA method is a cost-effective 

assay as it uses low-cost reagents. Overall, these advantages make ELISA a preferred choice 

for various research and diagnostic applications.  

Prior to conducting the analysis of the entire cyst cohort samples, the Quantikine® ELISA kit 

was tested on cyst and serum samples from four patients (007, 013, 027, 029) in order to 

optimise its application. The test was performed in duplicates, with all samples being diluted 

2-fold. In addition, Triton-X was added to the samples at a concentration of 1% v/v and again 

quantified using ELISA. It was necessary to investigate whether the use of Triton-X would 

result in a more accurate measurement of TF antigen by lysing the lipid bilayer of the MV and 

potentially releasing encrypted TF antigen. 
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3.5.7. Statistical analysis methods 

Data analyses were performed with SPSS v27, IBM Corp TM, STATA SE17 and PRISM GraphPad. 

Categorical variables were summarised using frequency and percentage. Comparisons 

between categorical variables were performed with Fisher’s exact test. The level of TF and 

fVIIa proteins were measured, and the fVIIa:TF ratios were calculated. Data were expressed 

as mean with a SEM and 95% confidence interval (CI) where applicable, and statistical 

significance was considered when p ≤0.05. An optimum cut-off value for TF concentration was 

determined using a receiver operating characteristic (ROC) curve and compared to the 

conventional assessment parameters, including radiological features, CEA and amylase. The 

odds ratio was calculated by logistic regression to evaluate the association of TF concentration 

with high-risk cysts. 
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3.6. Results 

From September 2018 to Nov 2021, patients with pancreatic cysts were screened for eligibility. 

50 patients with high-risk stigmata or ≥2 worrisome features were approached and consented 

to participation in the study. 44 patients underwent EUS-FNA, and 6 had cyst fluid aspiration 

at the surgical resection of the cystic lesions. In 19 patients, it was not possible to acquire cyst 

fluid samples as no excess samples remained following routine procedures or due to technical 

difficulties. The remaining 31 patients constituted our study cyst cohort (Figure 27). After the 

laboratory analysis of the TF and fVIIa cyst cohort, follow-up data for histopathologic cyst type 

were disclosed. For 4 patients, the histopathological cyst type were indeterminant; these 

cases remained suspicious but, due to comorbidity or age, have not proceeded to resection 

and remain on close follow up. In conclusion, 27 patients with clinical data and laboratory 

parameters (Figure 27, Figure 31) are the subject of the analyses in this study.  

3.6.1. Characteristics of the cyst cohort 

The clinical, radiographic and pathologic characteristics of the cyst cohort are summarised in 

Table 24, Table 25, Table 26 and Figure 32. The median age of the whole cyst cohort was 64 

years (interquartile range 53-73). 59.1% (14/27) were male. 25.9% (7/27) were diabetic, and 

7.4% (2/27) had pre-diabetes. 18.5% (5/27) had a history of chronic pancreatitis. 25.9% (7/27) 

had high-risk radiographic stigmata, 14.8% (4/27) ≥2 worrisome features, and 66.7% (18/27) 

had at least one worrisome feature. The pathological cyst type on follow-up revealed that the 

cyst cohort comprised of patients with IPMN (6/27), MCN (4/27), pseudocyst (7/27), serous 

cyst (2/27), IPMN with a solid mass (3/27), cyst with a solid mass (3/27) and unspecified 

benign cyst (2/27). Those with a solid mass (6) were confirmed to be malignant pancreatic 

cysts on follow-up and consisted of 4 adenocarcinomas, 1 mucinous adenocarcinoma and 1 

basaloid squamous cell carcinoma. 

3.6.2. The physical appearance of the cyst fluid 

The majority (44.4%) of the cyst fluid samples were clear; however, there were variations in 

the appearance of the cyst fluid (Table 27). 8 (29.6%) cyst fluid samples were bloodstained. 7  
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Figure 31: Study design 

 

 

Cyst fluid was collected from 27 patients with PCL and analysed in a blinded fashion. The 

concentration of TF and fVIIa proteins was quantified using ELISA, and the fVIIa:TF ratios were 

calculated. The findings were subsequently compared with the histopathological or 

cytological classification of the cyst type. 
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Table 24: Clinical characteristics of the cyst cohort (No=27) 

 

Characteristics 
Benign (13) 

n (%) 

LGD (5) 

n (%) 

HGD (3) 

n (%) 

Malignant (6) 

n (%) 

Sex     

   Female 5 (38.5) 3 (60) 3 (100) 2 (33.3) 

   Male 8 (61.5) 2 (40) 0 (0) 4 (66.7) 

Diabetes     

   Pre-diabetes 1 (7.7) 1 (20) 0 (0) 0 (0) 

   Diabetes 3 (23.1) 0 (0) 2 (66.7) 2 (33.3) 

History of chronic pancreatitis 4 (30.8) 1 (20) 0 (0) (0) 
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Table 25: Radiographic characteristics of cyst cohort (No=27) 

 

 Benign (13) LGD (5) HGD (3) Malignant (6) 

High-risk stigmata     

MPD ≥ 10 mm 1  1 2 

Enhancing solid components within 

cyst 

1  1 1 

Worrisome features     

Cyst ≥ 3 cm 8 3  2 

Thickened/enhancing cyst wall 4   1 

Non-enhancing mural nodule 1 1   

MPD 5-9 mm 1 1   

Abrupt change in calibre of MPD 

diameter with distal atrophy 
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Table 26: Pathological characteristics of cyst cohort (No=27) 

 

Pathological cyst type Benign (13) LGD (5) HGD (3) Malignant (6) 

IPMN (22.2%) 2 3 1  

MCN (14.8%) 2  2  

Pseudocyst (29.5%) 6 1   

Serous cyst (7.4%) 1 1   

Cyst with a solid mass (11.1%)    3 

IPMN with a solid mass (11.1%)    3 

Cyst (unspecified) (7.4%) 2    
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Figure 32: Radiological appearance of PCLs 

 

Example of imaging of PCLs; a- MRI scan showing unilocular cystic lesion arising from the 

uncinate process of the pancreas- serous cyst; b- CT scan showing pseudocyst; c- MRI showing 

main duct IMPN; d- MRI showing branch-duct IPMN in the tail of pancreas; e- CT scan showing 

solid cystic lesion on the tail of pancreas; f- CT scan showing IPMN with a solid mass within 

the cystic lesion in the head of the pancreas 
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Table 27: Physical appearance of the cyst fluid 

 

Appearance n (%) 

Clear 12 (44.4) 

Bloodstained 8 (29.6) 

Light brown 3 (11.1) 

Straw colour 1 (3.7) 

white 1 (3.7) 

yellow 1 (3.7) 

Dark brown 1 (3.7) 
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(25.9%) samples were viscous, and 2 (7.4%) appeared cloudy (Figure 33).  

The presence of mucin constitutes a part of the routine investigation following EUS-FNA of 

cyst fluid. These data were available only for 17 cyst samples. Mucin was detected on 7/17 

(41%) cyst fluids and given the missing data, was not included in these analyses. 

3.6.3. Pancreatic cyst patients stratification in risk groups 

The patients in the cyst cohort were stratified into two risk groups based on the pathological 

cyst type. The low-risk ‘non-resective’ group included patients with benign cysts and LGD, and 

the high-risk ‘resective’ group included patients with HGD and invasive/malignant cysts. The 

clinical, radiographic and pathologic characteristics of the cyst cohort stratified by disease risk 

are summarised in Table 28. The non-resective disease was identified in 18 (66.7%), and 9 

(33.3%) had resective disease. The median age at the aspiration of suspected cyst fluid was 

similar in both groups. Males represented 44.4% of the resective group. There was no gender-

specific difference in the disease risk groups. Diabetes was more common in the resective 

group, 44.4% (n=4), while a history of chronic pancreatitis was present in 27.8% (n=5) of the 

non-resective group. High-risk stigmata were associated with the resective group, present in 

55.6% (n=5). At least one radiographic worrisome feature was more frequent in the non-

resective group (n=15, 83.3%). 

3.6.4. Optimisation of the measurement of TF antigen with Quantikine® TF ELISA kit 

Samples from 4 patients were used to optimise the application of an ELISA kit for the analysis 

of TF concentration in cyst fluid and serum samples. The samples were diluted 2-fold and 

tested in duplicates, and Triton-X was added to study whether lysis of the samples would 

result in a more accurate measurement of TF antigen. The outcome was similar for serum 

samples when compared between untreated and Triton-X solubilised samples (Figure 34 & 

Figure 35). For most samples, TF concentration was within the standard curve range (Figure 

36). 

We used the Bland-Altman plot (426) to compare, evaluate, and visualise the differences in 

measurements between the two methods of processing cyst fluid and serum samples before  
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Figure 33: Appearance of the cyst fluids  

 

 

 

Variations in the appearance of the cyst fluid a- viscous light brown, b- clear yellow, c- clear 

brown, d- clear blood stained, e- clear straw, f- clear with mucous. 
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Table 28: Clinical, biologic, radiographic, and pathologic characteristics with univariate 

analysis, stratified by non-resective and resective groups 

 Total 
n=27 
n (%) 

Non-
resective 

n=18 
n (%) 

Resective 
n=9 

n (%) 
p value 

Sex (male) 14 (51.9) 10 (55.6) 4 (44.4) 0.603 

Median age: years (IQR) 64 (53-73) 66 (53-74) 63 (53-70) 0.726 

Co-morbidities     

  Diabetes 9 (33.3) 5 (27.8) 4 (44.4) 0.432 

  Chronic pancreatitis 5 (18.5) 5 (27.8) 0 (0) 0.136 

High-risk stigmata 7 (25.9) 2 (11.1) 5 (55.6) 0.023 

  MPD ≥ 10 mm 4 (14.8) 1 (5.6) 3 (33.3) 0.093 

  Enhancing solid components within 

cyst 

3 (11.1) 1 (5.6) 2 (22.2) 0.250 

Worrisome features (≥2) 4 (14.8) 4 (22.2) 0 (0) 0.268 

  Cyst ≥ 3 cm 13 (48.1) 11 (61.1) 2 (22.2) 0.103 

  Thickened/enhancing cyst wall 5 (18.5) 4 (22.2) 1 (11.1) 0.636 

  Non-enhancing mural nodule 2 (7.4) 2 (11.1) 0 (0) 0.538 

  MPD 5-9 mm 2 (7.4) 2 (11.1) 0 (0) 0.538 

  Abrupt change in calibre of MPD    

diameter with distal atrophy 

0 (0) 0 (0) 0 (0) . 
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Figure 34: Optimisation of TF ELISA in cyst fluid samples 

 

Cyst samples from four patients were assessed by TF-ELISA for TF concentration. (n=2, the 

data represent one experiment carried out in duplicate). 
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Figure 35: Assessment of the presence of TF in patient samples 

 

 

a- Cyst and b- serum samples from four patients were assessed by TF-ELISA for TF 

concentration. In addition, each sample was incubated with Triton-X (1% v/v) for 5 min before 

quantification of TF antigen. (n=2, the data represent one experiment carried out in duplicate; 

data = mean values ± SD; independent t-test, NS = not significant) 
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Figure 36: Standard curve for determining TF concentration using TF-ELISA 

 

 

 

The standard curve was constructed using a serial dilution (0-500 pg/ml) of recombinant TF 

provided with the kit. The standards (150 μl) were placed in 96-well plates and assessed by 

ELISA. The absorption of the samples was then measured at 450 nm using a plate reader (n=2). 
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assessing TF levels using ELISA. The plot displays the difference between the two measures 

against their averages (means). 

The Y-axis represents the difference in measurements between the untreated and Triton-X 

solubilised samples, while the X-axis shows the average of the two methods.  

In the case of cyst fluids, a one-sample t-test revealed a non-statistically significant p-value of 

0.493, allowing us to proceed with the Bland-Altman plot. Upon investigating proportional 

bias, we found no points outside the 95% confidence interval. Further regression analysis 

indicated a beta value for the mean of 0.02, close to '0', and yielded non-statistically 

significant results (p = 0.199), suggesting the absence of proportional bias (Figure 37(a)). 

For serum samples, the one-sample t-test showed a non-statistically significant p-value of 

0.074, permitting us to use the Bland-Altman plot. Similar to cyst fluid samples, no points fell 

outside the 95% confidence interval when investigating proportional bias. The regression 

analysis for serum samples resulted in a beta value for the mean of 0.15, close to '0', and 

yielded non-statistically significant results (p=0.718), indicating the absence of proportional 

bias (Figure 37(b)). 

Overall, the average discrepancy between the two methods is small, regardless of the four 

histopathological cyst types considered. The narrow limits of agreement suggest minimal bias, 

consistent variability across the graph, and a near-equivalence between the two methods. 

3.6.5. Measurement of protein concentration in the cyst fluid 

 The total protein concentration of cyst fluid samples were measured using the Bradford assay 

(Figure 38) (Section 2.4.1). The mean protein concentration between the four 

histopathological groups did not vary significantly (p=0.804). The mean concentration was 

3222 ± 584 µg/ml in the benign, 3285 ± 1050 µg/ml in LGD, 4671 ± 781 µg/ml in HGD and 

3796 ± 532 µg/ml in the malignant group. The median concentration was 4021 µg/ml (IQR 

3475) in the benign, 4002 µg/ml (IQR 4619) in the LGD, 4671 µg/ml in HGD and 3933 µg/ml 

(IQR 2313) in the malignant group (Figure 39). No significant difference in the median value 

of protein concentration was detected between the groups. These data indicate a  
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Figure 37: Bland-Altman plots assessing agreement in TF concentration measurements 

performed with and without Triton-X 

 

 

a- Cyst and b- serum samples from four patients were assessed by TF-ELISA for TF 

concentration. In addition, each sample was incubated with Triton-X (1% v/v) for 5 min before 

quantification of TF antigen. Bland-Altman plots were used to visualised the differences in 

measurements of TF concentration with and without Triton-X. 

a 

b 
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Figure 38: Standard curve for determining protein concentrations using the Bradford assay 

 

 

 

The standard curve was constructed using a serial dilution (0-500 μg/ml) of lipid-free BSA 

stock solution (10 mg/ml). The standards were placed in 96-well plates. The absorption values 

were measured at 584 nm using a plate reader (n=2). 
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Figure 39: Assessment of protein concentration in the cyst fluid samples 

 

 

Protein concentration in the four histological groups. Protein was measured using the 

Bradford assay (n= 2, the experiment was carried out in duplicate; data = median with 

interquartile range; the Kruskal-Wallis test, p not significant). 
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considerable variation in protein concentration within each group, with a comparable range 

of minimum and maximum protein levels between groups. 

3.6.6. Measurement of TF in the cyst fluid 

The Quantikine® ELISA kit was used to measure the concentration of TF antigen in the cyst 

fluid samples against a standard curve (Figure 40). There was a significant difference in mean 

and median TF concentration between the four histopathological groups (p=0.008 for the 

mean and p=0.019 for the median, Kruskal-Wallis test (Figure 41 (a)). The mean TF 

concentration was significantly higher (p=0.004, Kolmogorov-Smirnov test) in the resective 

group (HGD & malignant; 1.17 ± 0.22 ng/ml, 95% CI 0.68, 1.67) vs the non-resective group 

(benign & LGD; 0.27 ± 0.08 ng/ml, 95% CI 0.1, 0.44) (Figure 41(b)). 

3.6.7. Analysis of TF concentration per unit of total protein (TP)  

A ratio of TF and total protein concentration was calculated to assess the relative 

concentration of TF in the cyst fluid per unit of total protein. TF concentration was in pg/ml 

and TP concentration in µg/ml. Hence the proportion of TF in cyst fluid was represented as 

pg/µg. There was a significant difference in mean and median TF/TP ratio between the four 

histopathological groups (p=0.007 for the mean and p=0.006 for the median, Kruskal-Wallis 

test, Figure 42 (a)). The mean TF/TP ratio was significantly higher (p=0.006, Kolmogorov- 

Smirnov test) in the resective group (3.37 ± 0.67 pg/µg, 95% CI 1.18, 4.95) vs the non-resective 

group (0.8 ± 0.22 pg/µg, 95% CI 0.33, 1.27) (Figure 42). 

3.6.8. Measurement of fVIIa in the cyst fluid 

The AssayPro Human Factor VII ELISA kit was used to determine the concentration of fVIIa 

antigen in the patient’s cyst fluid sample against a standard curve (Figure 43). 

There was a trend of increase in the mean and median concentration of fVIIa with the 

progression of histological grade of disease in the four histopathological groups (p=0.251 for 

the mean and p=0.602 for the median, Kruskal-Wallis test, Figure 44) but the difference was 

not statistically significant. In addition, the degree of rise in fVIIa concentration was lesser  
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Figure 40: Standard curve for determining TF concentration in the cyst cohort using TF-ELISA 

 

 

 

The standard curve was constructed using a serial dilution (0-500 pg/ml) of recombinant TF 

provided with the kit. The standards (150 μl) were placed in 96-well plates and assessed by 

ELISA. The absorption of the samples was then measured at 450 nm using a plate reader (n=2). 
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Figure 41: Assessment of TF concentration in the cyst fluid samples 

 

TF concentration was measured using the ELISA test (one experiment was carried out in 

duplicates); a- in the four histological groups (data = median with interquartile range; the 

Kruskal-Wallis test, p = 0.008); b-in the two risk groups (data = median with interquartile range; 

Kolmogorov-Smirnov test, p = 0.004). 
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Figure 42: Analysis of cyst fluid TF/total protein ratio 

 

TF/TP analysis; a- in the four histological groups (data = median with interquartile range; the 

Kruskal-Wallis test, p = 0.007); b-in the two risk groups (data = median with interquartile range; 

Kolmogorov-Smirnov test, p = 0.006). 



[Type here] 
 

 

165 
 

 

 

 

 

 

Figure 43: Standard curve for determining fVIIa concentration using fVIIa-ELISA 

 

 

 

The standard curve was constructed using a serial dilution (0-200 ng/ml) of recombinant TF 

provided with the kit. The standards (50 μl) were placed in 96-well plates and assessed by 

ELISA. The absorption of the samples was then measured at 450 nm using a plate reader (n=2). 
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than TF. The mean fVIIa concentration was higher (p=0.187, Kolmogorov-Smirnov test) in the 

resective group (78.97 ± 24.59 ng/ml, 95% CI 22.25, 135.67) vs non-resective group (35 ± 

11.77 ng/ml, 95% CI 10.07, 59.72) (Figure 44). 

3.6.9. Analysis of the ratio of fVII:TF in the cyst fluid 

To investigate the possibility that the relative concentration of fVIIa and TF will differ in the 

histological groups, the ratio of fVIIa and TF was calculated. There was a gradual decline in 

the ratio of fVIIa and TF with the progression of histological grade of disease in the four 

histopathological groups (p=0.963 for the mean and p=0.743 for the median, Kruskal-Wallis 

test), but the difference was not statistically significant (Figure 45). The mean fVIIa:TF was 

marginally lower (p=0.744, Kolmogorov-Smirnov test) in the resective group (84.82 ± 43.8, 95% 

CI 0, 185.04) vs the non-resective group (437.46 ± 219.72, 95% CI 0, 901.0295% CI 10.07, 59.72) 

(Figure 45). 

3.6.10. Estimation of a cut-off value of TF as an indicator of malignancy 

A receiver operating characteristic curve, or ROC curve, was plotted to establish the 

diagnostic ability of TF to differentiate between non-resective and resective diseases. An area 

under the curve (AUC) of 0.5 suggests no discrimination, 0.7 to 0.8 is considered acceptable, 

0.8 to 0.9 is considered excellent, and more than 0.9 is considered outstanding. The ROC curve 

plotted for TF concentration (Figure 46) showed an AUC of 0.877 (95% CI 0.701, 1), p=0.002. 

This suggests that TF has high accuracy in distinguishing between resective and non-resective 

diseases. A cut-off point of 0.75 ng/ml (Table 29) achieved a 78% sensitivity, 94% specificity, 

positive predictive value (PPV) of 88%, negative predictive value (NPV) of 89% and an accuracy 

of 89%. 

3.6.11. Investigation of the diagnostic ability of fVIIa (ng/ml) concentration and fVIIa:TF  

A ROC curve was plotted to investigate the diagnostic ability of fVIIa to differentiate between 

non-resective and resective diseases. The ROC curve plotted for fVIIa concentration  
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Figure 44: Assessment of fVIIa concentration in the cyst fluid samples 

 

FVIIa concentration was measured using the ELISA test (one experiment was carried out in 

duplicates); a- in the four histological groups (data = median with interquartile range; the 

Kruskal-Wallis test, p =not significant (NS)); b-in the two risk groups (data= median with 

interquartile range; Kolmogorov-Smirnov test, p= NS). 
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Figure 45: Analysis of fVII:TF ratio 

 

fVIIa:TF ratio was calculated; a- in the four histological groups (data = median with 

interquartile range; the Kruskal-Wallis test, p = not significant (NS)); b-in the two risk groups 

(data = median with interquartile range; Kolmogorov-Smirnov test, p= NS). 
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Figure 46: ROC curve of TF (ng/ml) 

 

The cut-off value for TF concentration was determined by using the ROC curve. AUC of 0.877 

(95% CI 0.701, 1), p=0.002. 
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Table 29: Coordinates of the ROC curve for TF 

Positive if greater than or equal to Sensitivity 1 - Specificity 

-0.9900 1.000 1.000 

0.0150 1.000 0.944 

0.0250 1.000 0.889 

0.0400 1.000 0.833 

0.0550 0.889 0.833 

0.0650 0.889 0.778 

0.0900 0.889 0.667 

0.1200 0.889 0.556 

0.1500 0.889 0.500 

0.1750 0.889 0.444 

0.2050 0.889 0.389 

0.2700 0.889 0.333 

0.3350 0.889 0.278 

0.3800 0.889 0.222 

0.4500 0.889 0.167 

0.5500 0.778 0.167 

0.6350 0.778 0.111 

0.7550 0.778 0.056 

0.8450 0.667 0.056 

1.1200 0.556 0.056 

1.4500 0.556 0.000 

1.5150 0.444 0.000 

1.5650 0.333 0.000 

1.6150 0.222 0.000 

1.8450 0.111 0.000 

3.0700 0.000 0.000 
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 (Figure 47) showed an AUC of 0.698 (95% CI 0.484, 0.911), p=0.100. This indicates that the 

AUC is not significantly different from 0.5, and the fVIIa concentration was not suitable for 

this purpose. 

Similarly, the ROC curve plotted for fVIIa:TF ratio (Figure 47) showed an AUC of 0.451 (95% CI 

0.233, 0.668), p=0.681, which suggests that the ratio is not applicable as a diagnostic test.  

3.6.12. Analysis of the association of high-risk cyst 

The association of the resective group with current assessment parameters and exploratory 

proteins were analysed using nonparametric Spearman’s correlations. TF (≥ 0.75 ng/ml) 

showed a significant strong positive correlation with resective cysts (p <0.001). There was a 

significant moderate positive correlation of TF with radiographic high-risk stigmata (p= 0.004). 

A significant moderate positive correlation was found between the resective cysts and 

radiographic high-risk stigmata (p= 0.012) and CEA ≥ 192 ng/ml (p= 0.036). However, none of 

the radiographic features individually had a significant correlation. CEA of ≥192 ng/ml showed 

a significant moderate positive correlation with TF. There was no correlation between 

diabetes and resective cysts, and a moderate negative correlation was observed with chronic 

pancreatitis (not significant) (Table 30, Table 31). Logistic regression analysis showed the odds 

ratio for TF was 59.5 (95% CI 4.6, 767.2), which was significantly (p=0.002) higher compared 

to radiographic high-risk stigmata and CEA (≥ 192 ng/ml) (Table 32).  

3.6.13. Measurement of TF in the serum samples 

From September 2018 to November 2021, 71 patients were recruited in the study TEM-PAC. 

This included 29 in the cancer cohort (18 advanced and 11 resected), and 12 in the control 

cohort (cholecystectomies). The Quantikine® ELISA kit was used to measure the concentration 

of TF antigen in the serum samples from these cases and the 27 samples from the patients 

with cystic lesions. The mean serum concentration of TF between the four histopathological 

groups of cysts did not vary significantly (p=0.484); a similar outcome was observed for the 

median value of TF (p=0.277) (Figure 48). Furthermore, no significant difference in the mean 

(p=0.296) or median (0.424) value of TF was detected between the cyst, cancer and control  
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Figure 47: ROC for fVIIa (ng/ml) and fVIIa:TF 

 

 

 

AUC of fVIIa ROC 0.698(95% CI 0.484, 0.911), p=0.100; AUC of fVIIa:TF 0.451 (95% CI 0.233, 

0.668), p=0.681. 
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Table 30: Association of the high-risk cyst with current parameters 

Parameters Correlation Coefficient p-value 

High-risk stigmata 0.478 0.012 

  MPD ≥ 10 mm 0.369 0.059 

  Enhancing solid components within cyst 0.250 0.209 

Worrisome features -0.295 0.135 

  Cyst ≥ 3 cm -0.367 0.060 

  Thickened/enhancing cyst wall -0.135 0.502 

  Non-enhancing mural nodule -0.200 0.317 

  MPD 5-9 mm -0.200 0.317 

  Abrupt change in calibre of MPD diameter with 

distal atrophy 

. . 

Diabetes 0.167 0.406 

Chronic pancreatitis -0.337 0.086 

CEA ≥ 192 ng/ml 0.471 0.036 

Amylase 0.286 0.222 
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Table 31: Association of TF with resective cysts and current parameters 

Parameters Correlation Coefficient p-value 

TF with resective cysts 0.746 <0.001 

TF with radiographic high-risk stigmata 0.542 0.004 

TF with CEA ≥ 192 ng/ml 0.514 0.020 
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Table 32: Univariate analysis of factors associated with resective cysts 

Predicting resective cyst OR (95% CI) p 

Radiological high-risk feature  10 (1.4, 71.9) 0.022 

  MPD ≥ 10 mm 8.5 (0.7, 98.2) 0.087 

  Enhancing solid components within cyst 4.9 (0.3, 62.6) 0.226 

CEA (192 ng/ml) 11 (0.9, 130.3) 0.057 

TF (cut off 0.75 ng/ml) 59.5 (4.6, 767.2) 0.002 
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Figure 48: Assessment of TF concentration in the cyst patients’ serum samples 

 

 

TF concentration in the four histological groups (N=27). TF was measured using TF-ELISA (one 

experiment was carried out in duplicates; data = median with interquartile range; the Kruskal-

Wallis test, p not significant) 
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cohort (Figure 49). These data indicate an absence of considerable variation in TF 

concentration within the three study cohorts as well as between the groups of the cyst cohort.  
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Figure 49: Assessment of serum TF concentration in the three cohorts of patients 

 

 

 

 

TF concentration in the three study cohorts. TF was measured using TF-ELISA (one experiment 

was carried out in duplicates; data = median with interquartile range; the Kruskal-Wallis test, 

p not significant). 
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3.7. Discussion 

PDAC is a highly aggressive cancer that can only be cured through surgery for early-stage 

tumours. Precursor lesions, including PanIN, IPMN, and MCN, are associated with PDAC and 

affect disease biology, therapy efficacy, and prognosis. Physicians categorise precursor lesions 

and predict invasive disease risk based on international guidelines using symptoms, imaging 

modalities, and chemical and cytological findings (46, 427). Advanced imaging has led to more 

benign cases being identified, and the incidence of invasive carcinoma is low (428). Surgical 

removal of PCLs with ‘high-risk stigmata’ is the best cure but has significant morbidity and 

mortality (429). There are no definite criteria for determining surgical intervention for PCL 

patients. Moreover, a debate exists on managing asymptomatic pancreatic cysts (430). The 

current challenge is understanding the precursor lesion tumour biology and identifying 

indicators of invasive tumours that can be used as reliable biomarkers. The current guidelines 

for managing pancreatic cysts are not cost-effective and could potentially result in early 

mortality. However, if diagnostic specificity could be increased to above 67%, there could be 

a significant improvement in both cost-effectiveness and survival rates for pancreatic cyst 

surveillance management strategies (431). 

Pancreatic cancers are often metastatic by the time they are diagnosed, making them difficult 

to cure. Early detection and treatment offer the best opportunity for reducing pancreatic 

cancer mortality. For early detection, a curable lesion that gives rise to non-curable pancreatic 

cancers must be identified and characterised first. There is a significant window of 

opportunity to detect these curable precursor lesions (IPMN, PCN and PanINs) before they 

become non-curable. A method that can distinguish lesions that are likely to progress to 

advanced cancer rapidly (HGD) from those that are not (LGD) would be highly beneficial to 

identify the precursor cysts that need surgical intervention.  

This study of TF/ fVIIa tumour-regulatory signalling molecules was conducted under the TEM-

PAC study. TF is consistently upregulated in various human malignancies and plays a central 

role in the coagulation cascade. Its elevated expression in cancer may involve cancer cells, 

adjacent stroma and circulating blood. TF expression correlates with histological grade, 
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aggressiveness, and poor prognosis, and it is a major contributor to phenotypic alterations 

that induce cancer invasiveness and angiogenesis necessary for tumour growth. The presence 

of TF in the tumour microenvironment may promote the transition from a dormant or latent 

state of cancer progression to a tumourigenic state by modifying the phenotypic functional 

state and molecular evolution of tumour cells; thus making TF a probable marker of transition.  

The TF/fVIIa complex is known to affect cell proliferation, leading to cell cycle arrest or 

apoptosis. TF is released during inflammation, disease or injury, and TF+MV interact with 

endothelial cells, which can be harmful if not effectively processed. A recent study discovered 

that the concentration of TF and the ratio of fVIIa:TF in MV determine the outcome of 

endothelial or malignant cell exposure to the MV. Chronic exposure to TF+MV may exhaust 

the ability of endothelial cells to counteract the proapoptotic property of TF. As the malignant 

process progresses, TF levels are expected to increase while the counteractive mechanisms, 

such as fVIIa, may diminish. As a result, certain inflammatory cysts with elevated levels of TF 

may be classified as benign if they demonstrate strong counteraction. Overall, TF and fVII play 

crucial roles in the complex interplay between coagulation, inflammation, and cancer (Figure 

25). This is the rationale behind assessing TF and fVII levels and fVIIa:TF ratio in the PCyF as a 

marker for malignant transformation. 

This study analysed the clinical, radiographic, and pathologic characteristics of 27 patients 

with PCLs who underwent EUS and fine needle aspiration or cyst fluid aspiration at the 

surgical resection of the cystic lesions. The median age of the patients was 64 years, and 59.1% 

were male. The cyst cohort comprised of patients with various pathological cyst types, 

including IPMN, MCN, pseudocyst, serous cyst, IPMN with a solid mass, cyst with a solid mass, 

and unspecified benign cyst. 

The patients were stratified into two risk groups based on the pathological cyst type. The low-

risk ‘non-resective’ group included patients with benign cysts and LGD; the high-risk ‘resective’ 

group included patients with HGD and invasive/malignant cysts. The non-resective disease 

was identified in 66.7% of patients, while 33.3% had resective disease. Diabetes was more 
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common in the resective group, while a history of chronic pancreatitis was present in the non-

resective group. 

The TF antigen concentration in PCyF was significantly different between the four 

histopathological groups, with a significant (p=0.004) higher concentration observed in the 

resective group compared to the non-resective group. The mean TF concentration was 1.17 

± 0.22 ng/ml (95% CI 0.68, 1.67) in the resective group and 0.27 ± 0.08 ng/ml (95% CI 0.1, 0.44) 

in the non-resective group. Similarly, the TF/TP ratio was significantly higher in the resective 

group (3.37 ± 0.67 pg/µg) compared to the non-resective group (0.8 ± 0.22 pg/µg). 

The fVIIa concentration in the PCyF was found to increase with the progression of the 

histological grade of the disease. However, the degree of rise in fVIIa concentration was less 

than that of TF. The mean fVIIa concentration was higher in the resective group compared to 

the non-resective group. The ratio of fVIIa and TF decreased with the progression of 

histological grade. The mean fVIIa:TF ratio was marginally lower in the resective group (84.82 

± 43.8, 95% CI 0, 185.04) compared to the non-resective group (437.46 ± 219.72, 95% CI 0, 

901.0295% CI 10.07, 59.72) (Figure 45). But, these differences were not statistically significant. 

Hence there seems to be no added value to fVIIa assessment but remains as important 

findings considering the small sample size.  

TF at a cut-off value of 0.75 ng/ml showed high diagnostic ability in differentiating between 

resective and non-resective diseases, with an AUC of 0.877. This suggests that TF has a high 

accuracy in distinguishing between the two disease types, with a high specificity (94%) and 

high PPV (88%), indicating that TF is a reliable diagnostic test. On the other hand, fVIIa 

concentration (AUC 0.698) and fVIIa:TF ratio (AUC 0.451) showed low diagnostic accuracy for 

distinguishing between resective and non-resective diseases.  

ICG categorise IPMNs into low-risk, worrisome, and high-risk stigmata groups based on 

radiological features (45, 46, 430, 432) (Table 12, Table 13 & Table 14). These guidelines have 

a sensitivity of 50% and a specificity of 89.1% (430). EUS with FNA is recommended for further 

analysis. Although the guidelines have shown improved sensitivity and accuracy, up to 77% 

of patients may have noninvasive lesions and undergo pancreatic resection (362, 433-436). 
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This indicates the need for more objective tests to identify patients at the greatest risk of 

malignancy. 

Cyst fluid analysis can help distinguish between benign and malignant pancreatic lesions, and 

several tests are available to diagnose premalignant cysts. These tests include cytology, 

tumour markers (e.g., CEA), biochemical markers (e.g., amylase), and cyst fluid mucin. CEA is 

the most accurate for discriminating between mucinous and nonmucinous cysts but cannot 

distinguish between premalignant and malignant cysts (377-380). Amylase in PCyF can be 

particularly useful in identifying pseudocysts, as the amylase content of pseudocysts is usually 

high, while neoplastic cysts generally have low levels. However, elevated amylase levels can 

occur in cystic tumours of all types. Hence, the efficacy of amylase measurements in 

pancreatic cyst fluids is limited, though low values indicate a neoplastic tumour (378, 380, 

437, 438). It is essential to differentiate pseudocysts from malignant cystic tumours when 

selecting appropriate surgical procedures. Table 33 and Table 34 show the diagnostic 

performance of current predictors of malignancy in PCLs. A cut-off point of 0.75 ng/ml TF 

achieved a 78% sensitivity, 94% specificity, positive predictive value (PPV) of 88%, negative 

predictive value (NPV) of 89% and an accuracy of 89%, indicating that TF is a reliable 

diagnostic test for any PCLs that is at high risk of transforming into invasive malignancy. 

In this study, ‘high-risk stigmata’ could stratify the resective group, but individually the high-

risk features (MPD ≥ 10 mm, p=0.09; enhancing solid components within the cyst, p=0.25) or 

the ‘worrisome features’ could not stratify the resective and non-resective group. Though 

there was a significant moderate positive correlation between resective cysts and 

radiographic high-risk stigmata (p=0.012), none of the radiographic features individually had 

any significant correlation. Whereas TF (≥ 0.75 ng/ml) had a significant strong positive 

correlation (correlation coefficient 0.745) with resective cysts (p <0.001) and moderate 

positive correlation (correlation coefficient 0.514) with radiographic high-risk stigmata 

(p=0.004) and CEA of ≥192 ng/ml (correlation coefficient 0.514, p=0.02) (see Table 31 and  
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Table 33: Diagnostic performance of current cyst fluid markers used to identify a malignant 
cyst 

Cyst fluid marker Sensitivity (%) Specificity (%) 

CEA ≥ 192 ng/ml (382) 64 83 

Mucin (387) 80 40 

Amylase < 250 U/L (385) 62.5 69.4 

Cytology (375) 63 88 

TF (present study) 78 94 
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Table 34: Diagnostic performance of predictors of malignancy in BD-IPMNs 

 

 Sensitivity 

(95% CI) 

Specificity 

(95% CI) 

Positive PV 

(95% CI) 

Negative PV 

(95% CI) 

Worrisome features 95 46.3 18.1 98.7 

Size of cyst ≥30 mm 85 55.6 19.3 96.7 

Size of cyst ≥ 5 mm 25 87.5 20 90.3 

Presence of MN on EUS 33.3 94.7 33.3 94.7 

TF (current study) 78 94 88 89 

 

BD-IPMNs, branch-duct intraductal papillary mucinous neoplasms; CI, confidence interval; PV, 

predictive value; MPD, main pancreatic duct; MN, mural nodule; EUS, endoscopic 

ultrasonography. Worrisome features comprised pancreatic duct diameter of 5–9 mm or cyst 

size ≥30 mm. 
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Table 32). The odds of diagnosing a resective cyst were significantly high with TF (OR 59.5, 95% 

CI 4.6, 767.2, p=0.002) (Table 33). 

However, the serum TF levels in the cyst patients did not have any diagnostic value compared 

to the control cohort or known locally advanced cancers. One possible explanation for the 

lack of significant variation in TF concentration observed between cohorts and within cyst 

categories is that serum samples were used, whereas plasma is the preferred sample for 

assessing TF levels. However, as the TEM-PAC study aimed to investigate multiple tumour 

regulatory proteins, serum samples were initially collected. To address this issue, a recent 

protocol amendment was made to collect plasma samples for all cohorts, which will also be 

investigated for TF. 

The current clinical study is a pilot feasibility study. The crude number of samples in the cyst 

study cohort was calculated based on the expectation of the number of cystic lesions that 

could be recruited in the four-year study period. Once the whole cohort is recruited, a power 

calculation for the future definitive study will be performed. 

The level of CEA in the cyst fluid was accessed from the hospital record; these were measured 

as part of the standard protocol. Among the 27 cyst samples, CEA levels were unavailable for 

7 patients with viscous samples, and amylase levels were unavailable for 6 patients. Missing 

data for CEA and amylase could have affected their correlation with resective cysts and high 

TF levels. A definitive study with a larger sample size ensuring the availability of standard 

biochemical markers will provide a better comparative interpretation of the results.  

Once the recruitment for the TEM-PAC study is finished and the target sample size is met, 

additional analysis will be conducted encompassing all cohorts, including those with cysts, 

cancer, and controls. This expanded analysis will serve two main purposes. Firstly, it will 

enable the confirmation of the findings from the pilot study, providing a validation of the 

initial results. Secondly, it will allow for the calculation of statistical power for a larger study, 

ensuring that the sample size is appropriate to establish the validity of the study outcome 

with a higher degree of confidence. 
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In addition to validating the previous findings, the study will also continue its investigation 

into improved methods for classifying cystic lesions. The goal is to develop an approach that 

not only distinguishes between cysts that require resection and those that do not but also 

identifies specific molecular signatures associated with the four histopathological categories. 

By refining the classification methodology, the study aims to enhance diagnostic accuracy and 

enable more targeted and effective treatment strategies for patients with cystic lesions. 

Overall, in this current study, cyst fluid TF concentration correlates with progression to a 

malignant phenotype and can distinguish precursor PCLs with a high risk of malignancy. Our 

hypothesis that a reducing fVIIa:TF ratio across the range of transformation could suggest a 

decrease in the body’s ability to control the disease was not supported by the findings. 

However, there may be differential findings between the actual pre-malignant lesion gradings 

and the overtly malignant lesions but the limited sample size of did not allow for these sub-

analyses. This issue will be revisited once the whole cohort has accrued or if larger numbers 

of cystic lesions can be studied through collaborative projects with other centres.  

In conclusion, TF as a stand-alone marker could potentially improve the ability to identify the 

malignant potential of PCLs before surgery and provide a more robust method for monitoring 

ambiguous cystic lesions. However, additional research and a more definitive prospective 

study is required with a larger group of patients to verify these results. 
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Chapter 4 

 

4. Examination of the role of exogenous TF on EMT and pancreatic cancer 

progression  
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4.1. Introduction 

The clinical study found that TF levels significantly increased with the histological stage, 

indicating a progression from normal ductal epithelium to invasive adenocarcinoma. Cyst-

associated TF levels correlated with cytological progression to the malignant phenotype and 

differentiated between LGD and HGD. Therefore, this study aimed to investigate whether the 

concentration of TF that initiates EMT in pancreatic cell lines is comparable to the 

concentrations found in pancreatic cyst fluids. 

4.1.1. Epithelial-mesenchymal transition  

EMT is a cellular process where epithelial cells lose their epithelial characteristics and acquire 

mesenchymal properties in response to changes in gene expression and post-translational 

regulation mechanisms. This is triggered by signals from the microenvironment and leads to 

increased migratory capacity, fibroblast-like morphology, invasive properties, resistance to 

apoptosis, and significantly increased production of extracellular matrix components (439). 

EMT is a key normal step during embryogenesis and is closely linked to endodermic 

transformations, gastrulation, and the development of various organs and systems. In 

embryonic development, epithelial cells have high plasticity and can switch between an 

epithelial and mesenchymal phenotype. However, once organ development is complete, 

these cells usually have terminally differentiated and can no longer undergo this 

transformation (440). In adults, EMT is involved in wound healing, tissue regeneration, organ 

fibrosis, and the progression of cancer (441). Stable cell-cell junctions, apical-basal polarity, 

and interactions with the basement membrane characterise the epithelial state of the cells. 

The changes in gene expression and post-translational regulation mechanisms during EMT 

lead to the repression of these epithelial characteristics and the acquisition of mesenchymal 

characteristics.  

Induction of EMT plays a crucial role in the phenotypic progression towards increased 

invasiveness during the multistep progression of initially benign carcinomas (442-447). Cancer 

cells undergo a gradation of phenotypic states characterised by combinations of both 



[Type here] 
 

 

189 
 

 

epithelial and mesenchymal markers (442, 447, 448) (Figure 50). Several molecular processes 

are involved in initiating and completing EMT. These include the activation of transcription 

factors, the expression of specific cell-surface proteins, the reorganisation and expression of 

cytoskeletal proteins, the production of enzymes that degrade the extracellular matrix, and 

changes in the expression of certain microRNAs. In this process, epithelial cells undergo a loss 

of their epithelial markers (such as E-cadherin, occludin, claudin, and laminin 1) and acquire 

mesenchymal markers such as N-cadherin, vimentin, and fibronectin (439).  

The induction of the EMT program in both normal and neoplastic epithelial cells is governed 

by a core transcriptional network that involves a small group of master regulators known as 

EMT-TFs. These factors, including Slug, Snail, Twist, and Zeb1, play a significant role in 

orchestrating the different aspects of the EMT program (449, 450). The activation of various 

combinations of EMT-TFs can give carcinoma cells increased migratory and invasive 

capabilities, which facilitates their movement from primary tumour sites into the 

bloodstream, ultimately leading to the metastatic potential of EMT-responsive cells (451, 452). 

All these factors are often used as biomarkers to indicate that a cell has undergone EMT (Table 

35). 

The TME affects the phenotype of epithelial cancer cells through the mediation of various 

signalling molecules involved in heterotypic cell-cell interactions. Wnt, TGFβ, and Notch 

ligands are among the central signalling molecules that play a role in this process. As research 

on the connections between EMT and carcinomas advances, an increasing number of 

signalling molecules are being implicated in driving the EMT program. Growth factors, such 

as epidermal growth factor, insulin-like growth factor, hepatocyte growth factor, fibroblast 

growth factor and platelet-derived growth factor, have been shown to trigger the EMT 

program. In addition, hypoxia-inducible signals, inflammatory signals, and cytokines, such as 

hypoxia-inducible factor (HIF)1-α, NF-κB, IL-1β and TNFα, have also been implicated in EMT 

activation within individual carcinoma cells (449, 453, 454). The complex network of signals 

that determine EMT activation is facilitated by heterotypic interactions between carcinoma 

cells and cells in the tumour microenvironment. 
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Figure 50: Spectrum of EMT phenotypes in cancer  

 

Some epithelial cancer cells are not responsive to EMT-inducing signals and are unable to undergo the 

EMT (non-responsive epithelial cancer cell). Yet other epithelial cancer cells are responsive to EMT-

inducing signals (responsive epithelial cancer cell). Following disruption of the autocrine signals that 

previously maintained their epithelial cell state, the cells transition toward a mesenchymal cancer cell 

state. Once the cancer cells have undergone a complete EMT, autocrine signalling can maintain the 

resulting mesenchymal phenotype in the absence of the EMT-inducing signals. As epithelial cancer 

cells move toward that mesenchymal state, they transition through partial-EMT states, which are 

suggested to be transient and possibly reversible. Progression through the EMT is associated with the 

acquisition of tumour-initiating potential, and peaks at some point along the partial-EMT spectrum. 

However, further progression to a stable, highly mesenchymal cancer cell state diminishes tumour-

initiating potential. Below is a list of the main factors that favour residence in either the epithelial or 

mesenchymal cell states. (EMT, epithelial-to-mesenchymal transition; EMT-TF, EMT-transcription 

factors; MET, mesenchymal-to-epithelial transition). Taken from (447).
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Table 35: Markers of EMT in cancer  

 

 Cell-surface proteins Cytoskeletal 

markers 

Extracellular proteins Transcriptional 

factors 

MicroRNAs 

Acquired biomarkers N-cadherin 

OB-Cadherin 

α5β1 Integrin 

αVβ6 Integrin  

Syndecan–1 

FSP-1 

Vimentin 

α-SMA 

β-Catenin 

Fibronectin 

α1 (I) Collagen 

α1 (III) collagen 

Snail 

Snug 

ZEB1 

Twist 

LEF-1 

Ets-1 

miR-21 

Attenuated biomarkers E-cadherin 

ZO-1 

Cytokeratin α1(IV) Collagen  

Laminin 1 

 mir-200 family 

Taken from (455) 
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4.1.2. EMT signalling pathways in PDAC  

The activation of EMT during the progression of carcinomas depends on molecular signals produced 

by the tumour-associated stroma in PDAC, such as TGFβ, TNFα, and hepatocyte growth factor, via 

different signalling pathways. For instance, the EMT requires cooperation between the Ras oncogene 

and receptor tyrosine kinases, which induce a downstream hyperactive Raf/MAPK signal associated 

with endogenous TGFβ signalling (456). In mouse models, sustained signalling by TGF-β was essential 

for the maintenance of EMT in epithelial cells and for metastases (457). Snail and dEF1/ZEB1-

mediated regulation of E-cadherin is the target of K-Ras in PC cells (458). Wnt/b-catenin, Notch, and 

Hedgehog signalling pathways also play a central role in the EMT and cancer progression (459, 460). 

Aberrant activation of the Hedgehog signalling pathway in PC patients is associated with a loss of E-

cadherin expression and promotion of EMT (461). Inhibition of the Hedgehog cellular signalling 

pathway can down-regulate Snail and up-regulate E-cadherin, with subsequent inhibition of the EMT 

and a significant decrease in cell invasiveness in PC cell lines (462).  

4.1.3. Invasive behaviour precedes frank tumourigenesis in PDAC 

During the onset of EMT, cellular invasion and dissemination within the bloodstream may occur even 

before a malignant tumours are detectable. PanIN lesions exhibit invasive traits in vitro (463). Studies 

suggest that pancreatic cells can cross the basement membrane and enter the bloodstream before 

such invasive behaviour is detected macroscopically, which can lead to distant organ seeding. 

Circulating pancreatic cells (CPCs) are derived from acinar cells that are undergoing EMT, and these 

cells acquire stem cell-like characteristics and have tumour-initiating properties. A lineage labelling 

system used to tag and track pancreatic epithelial cells in a mouse model of PC showed that the 

tagged cells invaded and entered the bloodstream unexpectedly early before frank malignancy could 

be detected by rigorous histologic analysis. There seeding of distant organs may occur before and or 

concurrent with tumour formation at the primary site (463). These findings explain the high mortality 

rate observed in patients who had surgical resection of small pancreatic neoplasms without 

metastasis. In addition, metastatic PDAC has been observed in a group of patients who underwent 

pancreatectomy for chronic pancreatitis, with only PanIN lesions being detected upon examination 

of the surgically removed pancreas (464). 
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4.1.4. Inflammation promotes EMT in pre-malignant lesions 

Inflammation has a significant impact on tumour development, from initiation to metastasis. Immune 

cells such as macrophages and lymphocytes are recruited to the primary tumour and play a vital role 

in establishing the inflammatory TME (111). This inflammation facilitates the invasion and 

dissemination of CTC via EMT. Tumour-associated macrophages (TAMs) are known to interact 

significantly with tumour cells during invasion and dissemination, indicating a correlation with EMT 

(465, 466). There is a strong correlation between chronic pancreatitis and PC (467), and inflammation 

is considered a significant event during carcinogenesis and premalignant lesion progression (468, 

469). Studies in mice have shown that acute pancreatitis induces the formation of acinar-to-ductal 

metaplasia with inflammation, PanIN, and defects in epithelial characteristics, resulting in an increase 

in CD24+CD44+ CPCs in the circulation (463).  

At the molecular level, TNFα stabilises SNAIL via activation of the NF-κB pathway. TNFα also activates 

the NF-κB pathway, which promotes tumour cell motility, tumour development and metastatic 

progression (470, 471). The TGFβ pathway plays a role in inflammation, and the resulting 

inflammation regulates EMT. Studies have demonstrated that TGFβ signalling collaborates with the 

Wnt, Notch, and MAPK pathways to facilitate EMT during various morphological processes. The 

TGFβ/Smad pathway has been shown to compounds with Ras activation to promote EMT (472). 

However, as the inflammatory microenvironment increases the likelihood of mutations crucial in 

tumorigenesis, TGFβ suppresses epithelial cell proliferation and early tumour growth. This causes 

some tumours to acquire inactivating mutations in TGFβ signalling components. Thus, the stability of 

SNAIL expression and the TGFβ signalling pathway is promoted by inflammation, which in turn 

promotes EMT. Additionally, the effectiveness of anti-inflammatory agents in reducing mortality 

further supports the proposed association between inflammation and tumour progression (473). 

4.1.5. Role of TF on EMT 

The relationship between EMT and TF has not been widely explored. The expression of both flTF and 

asTF is strongly induced by inflammatory cytokines such as TNFα or ILs in endothelial and blood cells. 

Moreover, both coagulation-dependent and independent functions of TF contribute to the 

development of cancer and metastases. During EMT, TF expression is upregulated, providing tumour 
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cells with enhanced coagulant properties that facilitate the early stages of metastatic colonisation. 

In a study, CTCs expressing both vimentin and TF were identified in 86.3% of metastatic breast cancer 

(MBC) patients, while CTCs expressing only vimentin without TF were rare. The study also found that 

the EMT-TFs ZEB1 and Snail modulate TF expression, strengthening the EMT-TF axis (298). Other 

studies have reported that the enhanced TF expression and release of TF+MV from cancer cells 

induced EMT through EGFR activation and/or E-cadherin blockade (215, 276, 474). These support the 

observed correlation between vimentin and TF expression in triple-negative breast cancer (TNBC) 

biopsies (298). Most importantly, the association between vimentin and TF expression in a 

subpopulation of CTCs of MBC patients suggested that the local activation of coagulation triggered 

by increased TF expression could trap EMT+ CTCs in platelet/fibrin-microthrombi, thus enhancing 

their survival and early colonisation in organs. 

4.1.6. Ectopic synthesis of coagulation fVII influences cell migration and invasion 

FVII is the natural ligand to TF and partners in haemostatic and non-haemostatic functions. It is 

synthesised only in the liver and circulates as an inactive zymogen. The exact mechanisms underlying 

ectopic fVII synthesis in cancer cells are not fully understood. However, it has been suggested that 

cancer cells may acquire the ability to produce fVII as a result of genetic mutations or epigenetic 

changes that alter the expression of fVII and its regulatory factors. In addition, factors such as hypoxia 

and inflammation, which are commonly present in the tumour microenvironment, may also 

contribute to ectopic fVII synthesis in cancer cells. Various non-hepatic cancer cells are known to 

ectopically express the fVII gene. Furthermore, inhibition of the TF-fVII complex on these cancer cell 

surfaces reduces cell motility and invasion (163). In addition, fVII-expressing cells invariably express 

TF and γ-glutamyl carboxylase, the key enzyme for requisite posttranslational modification of fVIIa.  

Ectopically expressed functional fVIIa on the surface of cancer cells in turn form a TF-fVIIa complex 

that triggers fXa generation. In previous studies, fVII was found to be associated with TF-positive 

tumour cells (257, 475). Moreover, ectopic fVII expression was shown to be regulated by hypoxic 

conditions through the hypoxia-induced association of HIF2α with the fVII promoter in ovarian cancer. 

While hepatocyte nuclear factor (HNF)4 and specificity protein (Sp)1 have been identified as crucial 

regulators of fVII expression in hepatocytes (476-478), their contribution to ectopic fVII expression is 
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not clear. A study investigated the epigenetic mechanisms of fVII expression in breast cancer cells 

and found that, unlike in hepatocytes, HNF4 is not required for fVII expression in cancer cells. Instead, 

the recruitment of p300 and cyclic AMP–responsive element binding protein (CREB)–binding protein 

(CBP) to the active fVII promoter is selective in breast cancer cells, and Sp1 binding is necessary for 

both hepatic and cancer cell expression (479). These findings suggest that the induction of fVII 

expression in cancer cells depends on cancer type specific mechanisms. 

Current evidence indicates that TF plays a role in promoting EMT in cancer by enhancing the 

coagulant properties of tumour cells during the early stages of metastatic colonisation. Upregulation 

of TF expression during EMT and correlation with vimentin expression have been described in various 

cancers. Local activation of coagulation triggered by enhanced TF expression could trap EMT+ CTCs 

in platelet/fibrin-microthrombi, favouring their survival and early seeding in the colonised organ 

(Figure 13). Thus, investigating the influence of TF on pancreatic epithelial cells in vitro would allow 

us to correlate the clinical findings of high TF levels in PCyF with HGD. 

Precursor lesions like PanIN (LGD) expressing mutant KRAS undergo progression to higher grade 

lesions (HGD) and invasive PDAC after acquiring subsequent inactivating mutations in tumour 

suppressor genes such as CDKN2A and TP53 (and often SMAD4). Deletion of the CDKN2A gene 

responsible for p16INKa (p16) expression is one of the primary steps in advanced cancer formation and 

a hallmark of aggressive tumour behaviour. P16 is a member of the INK family (including p16INKa, 

p15INKb, p18INKc, and p19INKd) that is activated in response to various stimuli, blocking the activity of 

the cyclin D/Cdk 4/6 complex and preventing phosphorylation of the retinoblastoma protein. This, in 

turn, prevents the expression of genes required for the S-phase of cell cycle progression via the E2F 

transcription factor. Thus, p16 acts as a gatekeeper at the G1/S checkpoint of the cell cycle. The loss 

of the p16 function is the final regulatory step that commits cells to DNA synthesis during the cell 

cycle in response to pro-mitogenic signals. However, while the loss of the CDK2NA locus is linked to 

tumorigenesis, there is no automatic correlation between the loss of p16 function and the 

development of malignancy. Therefore, it is suggested that additional environmental factors may be 

required to trigger a malignant phenotype. Since TF was found to be an indicator in the cyst fluid 
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samples that could differentiate between LGD and HGD, it was relevant to examine whether TF had 

any impact on p16 expression. 

4.2. Aims 

• To investigate if TF can cause phenotypic changes in the pancreatic cell lines (normal 

epithelium and malignant cell lines) and whether the TF level initiating EMT is comparable 

to the concentrations found in the pancreatic cyst fluids. 

• To investigate if TF influences the expression of HNF4α and subsequent fVII expression. 

• To examine the influence of TF on the mediators of cell cycle and apoptosis. 

• To establish a spheroid model with a co-culture of pancreatic epithelial cells and CAF that 

can be used to reproduce in vivo characteristics of the PDAC tumour microenvironment. 
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4.3. Methods 

Five cell lines were used during this study which were hTERT-HPNE, hTERT-HPNE E6/E7/K-RasG12D, 

hTERT-HPNE E6/E7/K-RasG12D/st, AsPC-1 and BxPC-3 (see chapter 2). 

4.3.1. Optimisation of markers of EMT 

Three cell lines, hTERT-HPNE, hTERT-HPNE E6/E7/K-RasG12D and hTERT-HPNE E6/E7/K-RasG12D/st, 

were used to identify the appropriate marker of EMT for further experiments in this study. Cells (5 x 

104) were cultured in T25 flasks. The expression of markers of EMT, including vimentin, cadherin 11 

and fibronectin, was assessed with western blot assay. In addition, the expression of E-cadherin and 

N-cadherin on the surface of hTERT-HPNE cells was examined by fluorescence microscopy. 

4.3.2. Optimisation of TGFβ as a positive control to induce EMT 

TGFβ signalling plays an important role in EMT and is a convenient way to induce EMT in epithelial 

cells (480). In this study, TGFβ was used as a positive control treatment to induce EMT for several 

experiments in this study. To determine the optimal TGFβ concentration and duration of incubation 

with TGFβ, hTERT-HPNE and AsPC-1 cells were used. Cells (1.75 x 105) were incubated with TGFβ (3 

ng/ml) in 6-well plates and collected on day 2, day 4 and day 6. The cells were then lysed in Laemmli 

buffer, and the vimentin expression was assessed by western blot analysis (section 2.4.5) to establish 

the optimum incubation duration with TGFβ for future experiments. In addition, in order to optimise 

the concentration of TGFβ, cells (1.75 x 105) were incubated for 2 days with TGFβ at 0 - 6 ng/ml, and 

the expression of vimentin expression was assessed by western blot analysis. 

4.3.3. Examination of TF in cell lysate and media 

Prior to investigating the influence of TF on EMT, the baseline TF expression in the hTERT-HPNE and 

hTERT-HPNE E6/E7/K-RasG12D/st cell lines was examined. Cells (1 x 105) were seeded in T25 flasks, 

and conditioned media were collected at 24 and 72 hours. The cells were collected and lysed with 

cell lysis buffer at 24 hours. TF concentration was measured in cell lysate and the conditioned media 

using the Quantikine® ELISA kit (section 2.4.2). 
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4.3.4. Examination of the influence of TF and fVIIa on the expression of vimentin in cell lines 

The hTERT-HPNE, hTERT-HPNE E6/E7/K-RasG12D, hTERT-HPNE E6/E7/K-RasG12D/st and AsPC-1 cells 

(1 x 105) were seeded in 6-well plates and treated with TF (2 U/ml), fVIIa (5 nM), TF (2 U/ml) + fVIIa 

(5 nM) and PAR2-AP (20 µM) for 2 days. We incubated cells with TGFβ (5 ng/ml) as a positive control. 

Untreated cells were collected as a negative control. The expression of vimentin in cells was 

measured by western blot analysis.  

In addition, the expression of vimentin mRNA was assessed by RT-qPCR following incubation of 

hTERT-HPNE, AsPC-1 and BxPC-3 cells with PAR2-AP (20 µM). Cells (105) were treated with TGFβ (5 

ng/ml) as positive control. The cells were lysed after 2 days, and the mRNA was extracted using 

Monarch® total RNA Miniprep Kit and GoTaq® 1-Step RT-qPCR System (section 0). The expression of 

vimentin and β-actin mRNA were measured, and the relative vimentin expression levels were 

calculated against β-actin using the 2-ΔΔCt method. 

4.3.5. Examination of the induction of vimentin expression on treatment with TF 

The optimal TF concentration for the highest expression of vimentin was examined in hTERT-HPNE 

and AsPC-1 cells. Cells (5 x 104) were seeded in 24-well plates and incubated with TF at 0 - 4 U/ml or 

with TGFβ (5 ng/ml), along with untreated cells. Cells were collected after 2 days and lysed in Laemmli 

buffer, and the expression of vimentin was assessed by western blot analysis. 

Another set of cells (5 x 104) were seeded in 24-well plates and incubated with TF at 0 - 4 U/ml, or 

TGFβ (5 ng/ml). The cells were lysed after 2 days, and the mRNA was extracted using Monarch® total 

RNA Miniprep Kit and GoTaq® 1-Step RT-qPCR System. The expression of vimentin and β-actin mRNA 

were measured, and the relative vimentin expression levels were calculated against β-actin using the 

2-ΔΔCt method. 

4.3.6. Examination of the expression of fVII and HNF4α in cells 

The presence of fVII and HNF4α were examined in the hTERT-HPNE and AsPC-1 cells. Cells (105) were 

seeded in T25 flasks. Cells were collected after 2 days and lysed in Laemmli buffer, and the expression 

of full-length fVII, the heavy chain of fVII and HNF4α were assessed by western blot analysis. 
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In addition, hTERT-HPNE and AsPC-1 cells (105) were seeded in 6-well plates. The cells were lysed 

after 2 days, and the mRNA was extracted using Monarch® total RNA Miniprep Kit and GoTaq® 1-

Step RT-qPCR System (see methods chapter 2). The expression of fVII and β-actin mRNA were 

measured, and the relative fVII mRNA expression levels were calculated against β-actin using the 2-

ΔΔCt method. 

4.3.7. Examination of the influence of TF on the expression of HNF4α in different cell lines 

Next, the hTERT-HPNE and AsPC-1 cells (105) were seeded in 6-well plates and incubated with TF (2 

U/ml) and TGFβ (5 ng/ml). The expression of HNF4α was assessed by western blot analysis. 

Additionally, hTERT-HPNE cells (5 x 104) were seeded in 24-well plates and incubated with TF at 0.5 

U/ml. Cells treated with TF and untreated samples were collected after 2 days. The expression of 

HNF4α and β-actin mRNA were measured using RT-qPCR, and the relative HNF4α mRNA expression 

levels were calculated against β-actin using the 2-ΔΔCt method. 

4.3.8. Examination of the influence of different concentrations of TF on the mediators of cell 

proliferation and apoptosis 

hTERT-HPNE and AsPC-1 cells (5 x 104) were seeded in 21-well plates and incubated with TF at 0 - 4 

U/ml or with TGFβ (5 ng/ml), along with untreated samples. The cells were then lysed after 2 days. 

The expression of cyclin D1 mRNA was assessed using primers sequenced F- 3’-GAG ACC ATC CCC 

CTG ACG GC-5’ and R- 3’- TCT TCC TCC TCC TCG GCG GC-5’. Bax mRNA was assessed using primers 

sequenced F- 3’-TCA CCC AAC CAC CCT GGT CTT-5’ and R- 3’- TGG CAG CTG ACA TGT TTT CTG AC-5’. 

The quantity of each proteins mRNA was normalised against that of β-actin using RT-qPCR, and the 

relative analysis of cyclin D1 and bax mRNA was calculated using the 2-ΔΔCt method. 

4.3.9. Examination of the influence of TF on the expression of p16 protein 

The presence of the p16 protein was first assessed in hTERT-HPNE and AsPC-1 cells using western 

blot analysis to investigate the influence of TF on the cell cycle regulatory proteins. Then cells (105) 

were seeded in 6-well plates and incubated with TF (2 U/ml), TGFβ (5 ng/ml), along with untreated 

cells. Cells were collected after 2 days and lysed in Laemmli buffer, and the expression of the p16 

protein was assessed by western blot analysis. 
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4.3.10. Establish a spheroid model by co-culture of CAF and pancreatic cells 

To establish a spheroid model, hTERT-HPNE, hTERT-HPNE E6/E7/K-RasG12D, hTERT-HPNE E6/E7/K-

RasG12D/st cell lines were co-cultured with cancer associate fibroblast (CAF) cells. Pancreatic 

epithelial cells (0.1 x 105) were seeded in a Nunclon Sphera non-adherent 96-well plate at 

concentrations of 25%, 50%, 75% and 100%, along with the complementary percentage of CAF cells. 

The plate was incubated at 37°C for 1 day, the spheroids were observed by bright field microscopy at 

x10 magnification, and the diameter of the spheroids formed was measured using ImageJ. 
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4.4. Results 

4.4.1. Optimisation of detection of markers of EMT  

The expression of vimentin, cadherin 11 and fibronectin was assessed using western blot. The 

proteins were measured in hTERT-HPNE, hTERT-HPNE E6/E7/K-RasG12D and hTERT-HPNE E6/E7/K-

RasG12D/st cells and the culture media of the cells. Examination of the collected samples indicated 

a band corresponding to vimentin (~ 54 kDa) in all three cell lines and also the respective conditioned 

media (Figure 51). However, the examination of cadherin 11 and fibronectin did not produce clear 

bands (Figure 52). Therefore, vimentin was used as the marker of EMT in subsequent experiments. 

4.4.2. Utilisation of fluorescent microscopy for detection of E-cadherin and N-cadherin 

The expression of E-cadherin and N-cadherin on the surface of hTERT-HPNE cells were measured as 

indicators of EMT. Cells were incubated with TGFβ (5 ng/ml) or PAR2-AP (20 µM). Surface expression 

of E-cadherin and N-cadherin was assessed using PE-conjugated mouse monoclonal anti-E-cadherin 

antibody (diluted 1: 200 v/v in antibody diluent) and AF488-conjugated mouse monoclonal anti-N-

cadherin antibody (diluted 1: 200 v/v in antibody diluent). The stained cells were then examined by 

fluorescence microscopy. Examination of cells indicated the expression of N-cadherin in both 

untreated and in cells incubated with TGFβ or PAR2-AP. However, it was not possible to detect E-

cadherin in any of the cell samples (Figure 53). Consequently, measurement of E-cadherin and N-

cadherin protein with fluorescence microscopy was not adopted as a means of assessing markers of 

EMT. 

4.4.3. Determination of optimal concentration and duration of TGFβ for induction of EMT 

Sets of hTERT-HPNE and AsPC1 cells were incubated with 3 ng/ml TGFβ. Treated and untreated cells 

were collected on day 2, day 4 and day 6 and the expression of vimentin was assessed. Maximal 

expression of vimentin was observed on day 2 for both hTERT-HPNE (Figure 54) and AsPC-1 cells 

(Figure 55). In addition, the hTERT-HPNE and AsPC1 cells were incubated with different 

concentrations of TGFβ (0 - 5 ng/ml) and vimentin expression was examined on day 2. Western blot 

analysis of vimentin expression (normalised to GAPDH) indicated maximal expression with 5 ng/ml,  
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Figure 51: Detection of vimentin expression in cell line and conditioned media 

 

 

hTERT-HPNE, hTERT-HPNE E6/E7/K-RasG12D and hTERT-HPNE E6/E7/K-RasG12D/st cells (105) were 

collected. The cells were then lysed in Laemmli buffer and the proteins were separated by SDS-PAGE, 

and the vimentin expression was assessed by western blot using mouse anti-vimentin monoclonal 

antibody (diluted 1:3000 v/v in TBST). The membranes were incubated with AP-conjugated goat anti-

mouse immunoglobulin (Ig) G antibody (diluted 1:3000 v/v in TBST). The membranes were then 

developed using Western Blue stabilised substrate for AP. 
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Figure 52: Detection of cadherin 11 and Fibronectin expression in cell lines 

 

 

hTERT-HPNE, hTERT-HPNE E6/E7/K-RasG12D and hTERT-HPNE E6/E7/K-RasG12D/st cell (105) were 

collected. The cells were then lysed in Laemmli buffer; proteins were separated by SDS-PAGE, and 

the a- cadherin-11 and b- Fibronectin expression was assessed by western blot using mouse anti-

cadherin-11 monoclonal antibody and mouse anti-fibronectin antibody (diluted 1:3000 v/v in TBST). 

The membranes were incubated with AP-conjugated goat anti-mouse IgG antibody (diluted 1:3000 

v/v in TBST). The membranes were then developed using Western Blue stabilised substrate for AP. 
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Figure 53: Detection of cell surface N-cadherin by fluorescence microscopy 

 

 

hTERT-HPNE cells (1 x 105) were incubated in glass dishes with TGFβ or PAR2-AP along with untreated 

cells. N-cadherin was detected using an AF488-conjugated mouse monoclonal anti-N-cadherin 

antibody (diluted 1:200 v/v in antibody diluent). The cells were assessed by fluorescence microscopy 

at x 40 magnification. 
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Figure 54: Determination of the duration of incubation with TGFβ as a positive control in hTERT-

HPNE cells 

 

 

hTERT-HPNE cells (1.75 x 105) were incubated with TGFβ (3 ng/ml), and cells were collected on day 2, 

day 4 and on day 6, untreated cells were also collected. The cells were then lysed in Laemmli buffer; 

proteins were separated by SDS-PAGE, and the vimentin expression was assessed by western blot 

using mouse anti-vimentin monoclonal antibody (diluted 1:3000 v/v in TBST). The membranes were 

incubated with AP-conjugated goat anti-mouse IgG antibody (diluted 1:3000 v/v in TBST). The 

membranes were then developed using Western Blue stabilised substrate for AP (n=3, Images 

represent one experiment carried out in triplicates; data = mean values ± SEM; one-way ANOVA, * = 

p < 0.05 NS = not significant). 

 

R
el

at
iv

e 
vi

m
en

ti
n 

ex
p

re
ss

io
n

 



[Type here] 
 

 

206 
 

 

Figure 55: Determination of the duration of incubation with TGFβ as a positive control in AsPC-1 

cells 

 

 

AsPC-1 cells (1.75 x 105) were incubated with TGFβ (3 ng/ml), and cells were collected on day 2, day 

4 and on day 6, untreated cells were also collected. The cells were then lysed in Laemmli buffer; 

proteins were separated by SDS-PAGE, and the vimentin expression was assessed by western blot 

using mouse anti-vimentin monoclonal antibody (diluted 1:3000 v/v in TBST). The membranes were 

incubated with AP-conjugated goat anti-mouse IgG antibody (diluted 1:3000 v/v in TBST). The 

membranes were then developed using Western Blue stabilised substrate for AP (n=3, Images 

represent one experiment carried out in triplicates; data = mean values ± SEM; one-way ANOVA, NS 

= not significant). 
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for both hTERT-HPNE (Figure 56) and AsPC-1 cells (Figure 57). Subsequent studies were carried out 

with 5 ng/ml of TGFβ and incubated for 2 days. 

4.4.4. Examination of TF concentration in cell lysate and media 

The presence of TF in the hTERT-HPNE and hTERT-HPNE E6/E7/K-RasG12D/st cells and the 

conditioned media was examined using the Quantikine® ELISA kit (Figure 58). The mean 

concentration of TF did not vary significantly between hTERT-HPNE and hTERT-HPNE E6/E7/K-

RasG12D/st cells.  

The conditioned media of hTERT-HPNE E6/E7/K-RasG12D/st cells had a higher TF concentration than 

that of hTERT-HPNE, both at 24 hours and 72 hours, as shown in Figure 59. In addition, the TF 

concentration in the conditioned media of hTERT-HPNE E6/E7/K-RasG12D/st cells at 72 hours was 

greater than that at 24 hours. 

4.4.5. Examination of the influence of TF and fVIIa on the expression of vimentin in cell lines  

The expression of vimentin in cells following exposure to TF and fVIIa was measured by western blot 

analysis. The hTERT-HPNE, hTERT-HPNE E6/E7/K-RasG12D, hTERT-HPNE E6/E7/K-RasG12D/st and 

AsPC-1 cells were incubated with TF (2 U/ml) or fVIIa (5 nM) or TF (2 U/ml) + fVIIa (5 nM) or PAR2-AP 

(20 µM) or TGFβ (5 ng/ml) for 2 days.  

In hTERT-HPNE cells, treatment with TF or PAR2-AP resulted in an increase in vimentin expression, 

which was comparable to that caused by TGFβ. Treatment with fVIIa resulted in a decrease in 

vimentin expression. When the hTERT-HPNE cells were treated with a combination of TF and fVIIa, 

the expression of vimentin was moderated with the addition of fVIIa (Figure 60).  

In AsPC-1 cells, treatment of cells with TF or PAR2-AP or fVIIa resulted in vimentin expression levels 

that were similar to those observed in cells treated with TGFβ. Additionally, treating cells with the 

combination of TF and fVIIa did not lead to a decrease in vimentin expression (Figure 63). 

Cell lines with only K-RasG12D mutation did not exhibit any differences in vimentin expression when 

treated with TF or PAR2-AP or fVIIa compared to TGFβ (Figure 61, Figure 62). 
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Figure 56: Determination of the optimal TGFβ concentration as a positive control in hTERT-HPNE 

cells 

 

 

hTERT-HPNE cells (1.75 x 105) were incubated for 2 days with TGFβ at 0 ng/ml to 5 ng/ml. The cells 

were then lysed in Laemmli buffer; proteins were separated by SDS-PAGE, and the vimentin 

expression was assessed by western blot using mouse anti-vimentin monoclonal antibody (diluted 

1:3000 v/v in TBST). The membranes were incubated with AP-conjugated goat anti-mouse IgG 

antibody (diluted 1:3000 v/v in TBST). The membranes were then developed using Western Blue 

stabilised substrate for AP (n=3, Images represent one experiment carried out in triplicates; data = 

mean values ± SEM; one-way ANOVA, * = p < 0.05, NS = not significant).  
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Figure 57: Determination of the optimal TGFβ concentration as a positive control in AsPC-1 cells 

 

 

AsPC-1 cells (1.75 x 105) were incubated for 2 days with TGFβ at 0 ng/ml to 5 ng/ml. The cells were 

then lysed in Laemmli buffer; proteins were separated by SDS-PAGE, and the vimentin expression 

was assessed by western blot using mouse anti-vimentin monoclonal antibody (diluted 1:3000 v/v in 

TBST). The membranes were incubated with AP-conjugated goat anti-mouse IgG antibody (diluted 

1:3000 v/v in TBST). The membranes were then developed using Western Blue stabilised substrate 

for AP (n=3, Images represent one experiment carried out in triplicates; data = mean values ± SEM; 

one-way ANOVA, * = p < 0.05, NS = not significant).  
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Figure 58: Standard curve for the determination of TF antigen concentration  

  

 

 

The standard curve was constructed using a serial dilution (0-500 pg/ml) of recombinant TF provided 

with the kit. The standards (150 μl) were placed in 96-well plates and assessed by ELISA. The 

absorption of the samples was then measured at 450 nm using a plate reader (n=2). 
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Figure 59: Measurement of TF antigen in cells and corresponding media 

 

hTERT-HPNE and hTERT-HPNE E6/E7/K-RasG12D/st cells (2 x 105) were lysed with cell culture lysis 

buffer at 24 hours. The conditioned media from both cell lines were collected at 24 and 72 hours. TF 

concentration was measured using the ELISA test (n=2, the experiment was carried out in duplicates). 

a- TF concentration in the cell lysate (data = mean ± SD); b- TF concentration in the conditioned media 

of the cell lines at 24 hours and 72 hours (data= mean ± SD; independent samples t-test, * = p < 0.05, 

NS = not significant). 
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Figure 60: Examination of expression of vimentin in hTERT-HPNE cells 

 

 

hTERT-HPNE cells (105) were seeded in 6-well plates and incubated with TF (2 U/ml) or fVIIa (5 nM) 

or TF (2 U/ml) + fVIIa (5 nM) or PAR2-AP (20 µM), for 2 days. Treated and untreated cells were 

collected and lysed in Laemmli buffer; proteins were separated by SDS-PAGE, and the vimentin 

expression was assessed by western blot using mouse anti-vimentin monoclonal antibody (diluted 

1:3000 v/v in TBST). The membranes were incubated with AP-conjugated goat anti-mouse IgG 

antibody (diluted 1:3000 v/v in TBST). The membranes were then developed using Western Blue 

stabilised substrate for AP (n=6, Images represent three experiments carried out in duplicates; data 

= mean values ± SEM; one-way ANOVA, * = p < 0.05 NS = not significant). 
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Figure 61: Examination of expression of vimentin in hTERT-HPNE E6/E7/K-RasG12D cells 

 

hTERT-HPNE E6/E7/K-RasG12D cells (105) were seeded in 6-well plates and incubated with TF (2 U/ml) 

or fVIIa (5 nM) or TF (2 U/ml)+ fVIIa (5 nM) or PAR2-AP (20 µM), for 2 days. Treated and untreated 

cells were collected and lysed in Laemmli buffer; proteins were separated by SDS-PAGE, and the 

vimentin expression was assessed by western blot using mouse anti-vimentin monoclonal antibody 

(diluted 1:3000 v/v in TBST). The membranes were incubated with AP-conjugated goat anti-mouse 

IgG antibody (diluted 1:3000 v/v in TBST). The membranes were then developed using Western Blue 

stabilised substrate for AP (n=6, Images represent three experiments carried out in duplicates; data 

= mean values ± SEM; one-way ANOVA, * = p < 0.05 NS = not significant). 
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Figure 62: Examination of expression of vimentin in hTERT-HPNE E6/E7/K-RasG12D/st cells 

 

hTERT-HPNE E6/E7/K-RasG12D/st cells (105) were seeded in 6-well plates and incubated with TF (2 

U/ml) or fVIIa (5 nM) or TF (2 U/ml)+ fVIIa (5 nM) or PAR2-AP (20 µM), for 2 days. Treated and 

untreated cells were collected and lysed in Laemmli buffer; proteins were separated by SDS-PAGE, 

and the vimentin expression was assessed by western blot using mouse anti-vimentin monoclonal 

antibody (diluted 1:3000 v/v in TBST). The membranes were incubated with AP-conjugated goat anti-

mouse IgG antibody (diluted 1:3000 v/v in TBST). The membranes were then developed using 

Western Blue stabilised substrate for AP (n=6, Images represent three experiments carried out in 

duplicates; data = mean values ± SEM; one-way ANOVA, * = p < 0.05 NS = not significant). 
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We examined vimentin mRNA expression in hTERT-HPNE, AsPC-1, and BxPC-3 cells treated with 

PAR2-AP using RT-qPCR. PAR2-AP exposure led to the upregulation of vimentin expression in the 

malignant cell lines. In AsPC-1 cells treated with PAR2-AP, vimentin mRNA was upregulated (1.9 ± 0.6) 

compared to untreated cells (1 ± 0.2) or those treated with TGFβ (1.4 ± 0.6). Similarly, vimentin mRNA 

expression was upregulated in PAR2-AP treated BxPC-3 cells (1.8 ± 0.7) compared to untreated cells 

(1.1 ± 0.3) and TGFβ treated cells (1.1 ± 0.3) (Figure 64).  

4.4.6. Examination of the influence of TF concentration on vimentin expression  

hTERT-HPNE and AsPC-1 cells were incubated with a range of TF concentration (0.1 – 4 U/ml) along 

with a set treated with TGFβ (5 ng/ml) used as a positive control. In hTERT-HPNE cells, western blot 

analysis of vimentin protein revealed that the expression of vimentin did not differ with exposure to 

different concentrations of TF when compared to TGFβ (Figure 65). Similarly, we observed no 

significant changes in vimentin expression in AsPC-1 cells treated with different concentrations of TF 

(Figure 66).  

hTERT-HPNE and AsPC-1 cells were incubated with TF at 0.5 U/ml or 2 U/ml or 4 U /ml or TGFβ (5 

ng/ml). The vimentin mRNA expression was examined using RT-qPCR. In hTERT-HPNE cells, exposure 

to TF at a concentration of 0.5 U/ml resulted in the upregulation of vimentin mRNA expression 

compared to TGFβ (5 ng/ml) or untreated cells. Treatment with TF at 2 U/ml or 4 U/ml, as well as 

TGFβ (5 ng/ml), did not lead to significant changes in vimentin mRNA expression in hTERT-HPNE cells 

(Figure 67). In the AsPC-1 cells, expression of vimentin mRNA on exposure to TF 0.5 U/ml, TF 2 U/ml, 

TF 4 U /ml or TGFβ (5 ng/ml) showed a small increase when compared to untreated cells; however, 

these were not statistically significant (Figure 68). 

4.4.7. Examination of the level of expression of fVII  

The presence of fVII was assessed using western blot in hTERT-HPNE and AsPC-1 cells. Clear bands 

indicating the presence of both full-length fVII (~ 50 kDa in molecular weight) and its active form, fVII 

heavy chain (~ 30 kDa in molecular weight), were detectable in both cell lines. (Figure 69, Figure 70). 

The expression of activated fVII (fVIIa) was higher in the AsPC-1 cells compared to the hTERT-HPNE 

cells (Figure 71). 



[Type here] 
 

 

216 
 

 

Figure 63: Examination of expression of vimentin in AsPC-1 

 

   

AsPC-1 cells (105) were seeded in 6-well plates and incubated with TF (2 U/ml) or fVIIa (5 nM) or TF 

(2 U/ml) + fVIIa (5 nM) or PAR2-AP (20 µM), for 2 days. Treated and untreated cells were collected 

and lysed in Laemmli buffer; proteins were separated by SDS-PAGE, and the vimentin expression was 

assessed by western blot using mouse anti-vimentin monoclonal antibody (diluted 1:3000 v/v in 

TBST). The membranes were incubated with AP-conjugated goat anti-mouse IgG antibody (diluted 

1:3000 v/v in TBST). The membranes were then developed using Western Blue stabilised substrate 

for AP (n=6, Images represent three experiments carried out in duplicates; data = mean values ± SEM; 

one-way ANOVA, * = p < 0.05 NS = not significant). 
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Figure 64: Examination of expression of vimentin mRNA in cell lines 

 

a- hTERT-HPNE (105), b- AsPC1 (105), and c- BxPC3 (105) cells were incubated with PAR2-AP or TGFβ 

for 2 days. The treated and untreated cells were then lysed, and the mRNA extracted using Monarch® 

total RNA Miniprep Kit and GoTaq® 1-Step RT-qPCR System was used. The expression of vimentin and 

β-actin mRNA were measured using RT-qPCR, and the relative vimentin mRNA expression levels were 

calculated against β-actin using the 2-ΔΔCt method (n=6, three experiments carried out in duplicates; 

data = mean values ± SEM; independent t-test, NS = not significant). 
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Figure 65: Expression of vimentin following the incubation of hTERT-HPNE cells with TF 

 

 

hTERT-HPNE cells (5 x 104) were seeded in 24-well plates and incubated with TF (0 - 4 U/ml) or with 

TGFβ (5 ng/ml), along with untreated control. Cells were collected after 2 days and lysed in Laemmli 

buffer and the proteins were separated by SDS-PAGE. The vimentin expression was assessed by 

western blot using mouse anti-vimentin monoclonal antibody (diluted 1:3000 v/v in TBST). The 

membranes were incubated with AP-conjugated goat anti-mouse IgG antibody (diluted 1:3000 v/v in 

TBST). The membranes were then developed using Western Blue stabilised substrate for AP (n=3, 

Images represent three experiments; data = mean values ± SEM; Independent samples t-test). 
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Figure 66: Expression of vimentin following the incubation of AsPC-1 cells with TF 

 

 

 

AsPC-1 cells (5 x 104) were seeded in 24-well plates and incubated with TF (0 - 4 U/ml) or with TGFβ 

(5 ng/ml), along with untreated control. Cells were collected after 2 days and lysed in Laemmli buffer 

and the proteins were separated by SDS-PAGE. The vimentin expression was assessed by western 

blot using mouse anti-vimentin monoclonal antibody (diluted 1:3000 v/v in TBST). The membranes 

were incubated with AP-conjugated goat anti-mouse IgG antibody (diluted 1:3000 v/v in TBST). The 

membranes were then developed using Western Blue stabilised substrate for AP (n=3, Images 

represent three experiments; data = mean values ± SEM; Independent samples t-test). 
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Figure 67: Expression of vimentin mRNA following the incubation of hTERT-HPNE cells with TF 

 

 

 

hTERT-HPNE cells (5 x 104) were seeded in 24-well plates and incubated with TF (0 - 4 U/ml) or with 

TGFβ (5 ng/ml), along with untreated control. Cells were collected after 2 days and lysed. The mRNA 

extracted using Monarch® total RNA Miniprep Kit and GoTaq® 1-Step RT-qPCR System was used. The 

expression of vimentin and β-actin mRNA were measured using RT-qPCR, and the relative vimentin 

mRNA expression levels were calculated against β-actin using the 2-ΔΔCt method (n=3, three 

experiments carried out; data = mean values ± SEM; one-way ANOVA, * = p < 0.05 NS = not significant). 
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Figure 68: Expression of vimentin mRNA following the incubation of in AsPC-1 cells with TF 

 

 

 

AsPC1 cells (5 x 104) were seeded in 24-well plates and incubated with TF (0 - 4 U/ml) or with TGFβ 

(5 ng/ml), along with an untreated control. Cells were collected after 2 days and then lysed. The 

mRNA extracted using Monarch® total RNA Miniprep Kit and GoTaq® 1-Step RT-qPCR System was 

used. The expression of vimentin and β-actin mRNA were measured using RT-qPCR, and the relative 

vimentin mRNA expression levels were calculated against β-actin using the 2-ΔΔCt method (n=3, 

three experiments carried out; data = mean values ± SEM; one-way ANOVA, * = p < 0.05 NS = not 

significant). 
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Figure 69: Examination of the presence of fVII and HNF4α in hTERT-HPNE cells 

 

 

 

hTERT-HPNE cells (105) were seeded in a T25 flask and collected after 2 days. The cells were then 

lysed in Laemmli buffer and the proteins were separated by SDS-PAGE. Expression of fVII was 

assessed by western blot using rabbit anti-fVII polyclonal antibody (1:3000 v/v in TBST), the 

membranes were incubated with AP-conjugated mouse anti-rabbit IgG antibody 1:3000 v/v in TBST). 

The expression of HNF4α was assessed by western blot using mouse anti-HNF4α monoclonal 

antibody (diluted 1:3000 v/v in TBST), the membranes were incubated with AP-conjugated goat anti-

mouse IgG antibody (diluted 1:3000 v/v in TBST). The membranes were then developed using 

Western Blue stabilised substrate for AP. 
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Figure 70: Examination of the presence of fVII and HNF4α in AsPC-1 cells 

 

 

 

AsPC-1 cells (105) were seeded in a T25 flask and collected after 2 days. The cells were then lysed in 

Laemmli buffer and the proteins were separated by SDS-PAGE. Expression of fVII was assessed by 

western blot using rabbit anti-fVII polyclonal antibody (1:3000 v/v in TBST), the membranes were 

incubated with AP-conjugated mouse anti-rabbit IgG antibody 1:3000 v/v in TBST). The expression of 

HNF4α was assessed by western blot using mouse anti-HNF4α monoclonal antibody (diluted 1:3000 

v/v in TBST), the membranes were incubated with AP-conjugated goat anti-mouse IgG antibody 

(diluted 1:3000 v/v in TBST). The membranes were then developed using Western Blue stabilised 

substrate for AP. 
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Figure 71: Assessment of fVII levels in hTERT-HPNE and AsPC-1 cells 

 

 

 

hTERT-HPNE and AsPC-1 cells (105) were seeded and incubated in T25 flasks. Cells were collected 

after 2 days and lysed in Laemmli buffer and proteins were separated by SDS-PAGE. The expression 

of a- full-length fVII and b- heavy chain of fVII were assessed by western blot assay using rabbit anti-

fVII polyclonal antibody (diluted 1:3000 v/v in TBST). The membranes were incubated with AP-

conjugated mouse anti-rabbit IgG antibody (diluted 1:3000 v/v in TBST). The membranes were then 

developed using Western Blue stabilised substrate for AP (n=6, Images represent three experiments 

carried out in duplicates; data = mean values ± SEM; independent samples t-test). 
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The level of fVII mRNA expression was examined in both hTERT-HPNE and AsPC-1 cells using RT-qPCR. 

AsPC-1 cells showed a higher expression of fVII mRNA compared to hTERT-HPNE cells (Figure 72). 

4.4.8. Examination of the level of expression of HNF4α  

The presence of HNF4α was assessed using western blot in hTERT-HPNE and AsPC-1 cells. Clear bands 

indicating the presence of HNFα (molecular weight ~ 53 kDa) were observed in both cell lines (Figure 

69, Figure 70). The expression of HNF4α was significantly higher in the AsPC-1 cells than in the hTERT-

HPNE cells (Figure 73). 

4.4.9. Examination of the influence of TF on the expression of HNF4α in cell lines  

Next, to examine the influence of TF on the expression of HNF4α, hTERT-HPNE and AsPC-1 cells were 

incubated with TF (2 U/ml) and TGFβ (5 ng/ml) along with an untreated control. Cells were collected 

after 2 days. The level of HNF4α was assessed using Western blot analysis. Treatment of the cells 

with TF (2 U/ml) resulted in an increase in HNF4α expression in the hTERT-HPNE cells, which was 

comparable to that by TGFβ (Figure 74). However, incubation of AsPC-1 cells with TF (2 U/ml) did not 

result in any alteration in the expression of HNF4α (Figure 75).  

In addition, incubation of hTERT-HPNE cells with a lower concentration of TF (0.5 U/ml) resulted in 

upregulation in the HNF4α mRNA expression compared to the untreated sample (Figure 76). 

4.4.10. Examination of the influence of various concentrations of TF on cyclin D1  

To examine the influence of various concentrations of TF (0.5 - 4 U/ml) on cell proliferation, 

expression of cyclin D1 mRNA was assessed by RT-qPCR in hTERT-HPNE and AsPC-1 cells. Incubation 

of hTERT-HPNE with 0.5 U/ml TF resulted in significant upregulation of cyclin D1 (12.1 ± 2.4) 

compared to the untreated sample (1 ± 0.2) or the TGFβ treated sample (1 ± 0.2). Exposure of hTERT-

HPNE with higher concentrations of TF (2 U/ml or 4 U/ml) did not lead to an increase in the expression 

of cyclin D1 mRNA expression (Figure 77).  

In the same way, treating AsPC-1 with 0.5 U/ml TF resulted in a significant increase in cyclin D1 

expression (6.9 ± 1.7) when compared to the untreated sample (1 ± 0.6) or TGFβ-treated sample (0.4  
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Figure 72: Examination of the expression of fVII mRNA in hTERT-HPNE and AsPC-1 cells 

 

 

 

hTERT-HPNE and AsPC-1 cells (105) were seeded in 6-well plates. The cells were collected after 2 days 

and lysed. The mRNA extracted using Monarch® total RNA Miniprep Kit and GoTaq® 1-Step RT-qPCR 

System was used. The expression of fVII and β-actin mRNA were measured using RT-qPCR, and the 

relative fVII mRNA expression levels were calculated against β-actin using the 2-ΔΔCt method (n=3, 

three experiments carried out; data = mean values ± SEM; independent samples t-test, NS = not 

significant). 
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Figure 73: Assessment HNF4α levels in hTERT-HPNE and AsPC-1 cells 

 

 

 

hTERT-HPNE and AsPC-1 cells (105) were seeded and incubated in T25 flasks. Cells were collected 

after 2 days and lysed in Laemmli buffer and proteins were separated by SDS-PAGE. The expression 

of HNF4α was assessed by western blot using mouse anti-HNF4α monoclonal antibody (diluted 

1:3000 v/v in TBST). The membranes were incubated with AP-conjugated goat anti-mouse IgG 

antibody (diluted 1:3000 v/v in TBST). The membranes were then developed using Western Blue 

stabilised substrate for AP (n=6, Images represent three experiments carried out in duplicates; data 

= mean values ± SEM; independent samples t-test, * = p < 0.05). 
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Figure 74: Examination of the influence of TF on HNF4α expression in hTERT-HPNE cells 

 

 

hTERT-HPNE cells (105) were seeded in 6-well plates and incubated with TF at 2 U/ml or TGFβ (5 

ng/ml), along with untreated controls. Cells were collected after 2 days and lysed in Laemmli buffer; 

proteins were separated by SDS-PAGE. The expression of HNF4α was assessed by western blot, using 

a mouse anti-HNF4α monoclonal antibody (diluted 1:3000 v/v in TBST). The membranes were 

incubated with AP-conjugated goat anti-mouse IgG antibody (diluted 1:3000 v/v in TBST). The 

membranes were then developed using Western Blue stabilised substrate for AP (n=6, Images 

represent three experiments carried out in duplicates; data = mean values ± SEM; one-way ANOVA, 

NS = not significant). 
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Figure 75: Examination of the influence of TF on HNF4α expression in AsPC-1 cells 

 

 

AsPC-1 cells (105) were seeded in 6-well plates and incubated with TF at 2 U/ml or TGFβ (5 ng/ml), 

along with untreated controls. Cells were collected after 2 days and lysed in Laemmli buffer; proteins 

were separated by SDS-PAGE. The expression of HNF4α was assessed by western blot, using a mouse 

anti-HNF4α monoclonal antibody (diluted 1:3000 v/v in TBST). The membranes were incubated with 

AP-conjugated goat anti-mouse IgG antibody (diluted 1:3000 v/v in TBST). The membranes were then 

developed using Western Blue stabilised substrate for AP (n=6, Images represent three experiments 

carried out in duplicates; data = mean values ± SEM; one-way ANOVA, NS = not significant). 
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Figure 76: Examination of the influence of TF on HNF4α mRNA expression in hTERT-HPNE cells  

 

 

 

hTERT-HPNE cells (5 x 104) were seeded in 24-well plates and incubated with TF at 0.5 U/ml along 

with untreated samples. The cells were collected after 2 days and then lysed, mRNA was extracted 

using Monarch® total RNA Miniprep Kit and GoTaq® 1-Step RT-qPCR System. The expression of 

HNF4α and β-actin mRNA were measured using RT-qPCR, and the relative amount of HNF4α mRNA 

expression levels were calculated against β-actin using the 2-ΔΔCt method (n=3, three experiments 

carried out; data = mean values ± SEM; independent samples t-test, NS = not significant). 
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± 0.1). However, exposing hTERT-HPNE to higher concentrations of TF (1 U/ml or 2 U/ml) did not 

induce an increase in cyclin D1 mRNA expression (Figure 77). 

4.4.11. Examination of the influence of various concentrations of TF on bax  

To examine the influence of various concentrations of TF (0.5 - 4 U/ml) on cell apoptosis, the 

expression of bax mRNA was assessed by RT-qPCR in hTERT-HPNE and AsPC-1 cells. Incubation of 

hTERT-HPNE with 4 U/ml TF resulted in upregulation of bax (6.3 ± 4.5) compared to the untreated 

sample (1 ±0.6) or the TGFβ treated sample (0.6 ± 0.1). Exposure of hTERT-HPNE with a lower 

concentration of TF (0.5 U/ml) did not increase the expression of bax mRNA (Figure 78). 

Treating AsPC-1 with 2 U/ml TF resulted in an increase in bax expression (7.4 ± 5.3) when compared 

to the untreated sample (1 ± 0.5) or TGFβ-treated sample (0.8 ± 0.1). However, exposing AsPC-1 cells 

to lower concentrations of TF (0.5 U/ml) did not induce an increase in bax mRNA expression (Figure 

78). 

4.4.12. Examination of the influence of TF on the expression of p16 protein 

Both hTERT-HPNE and AsPC-1 cells were initially examined for the presence of p16 protein using 

western blot. Bands indicated the presence of p16 bands was detectable in both cell lines (Figure 79). 

To examine the influences of TF on the expression of p16, hTERT-HPNE and AsPC-1 cells were 

incubated with TF (2 U/ml) or TGFβ (5 ng/ml) along with a set of untreated samples. Cells were 

collected after 2 days and the level of p16 protein was assessed using western blot. In hTERT-HPNE 

cells, treatment with TF (2 U/ml) led to an increase in p16 protein expression compared to that of the 

untreated cells, which was similar to the effects of TGFβ (Figure 80). However, incubation of AsPC-1 

cells with TF (2 U/ml) did not result in any alteration in p16 expression (Figure 81). 

4.4.13. Establishing a spheroid model by the co-culture of CAF and the pancreatic cells  

Cancer-associated fibroblast (CAF) cells were co-cultured with hTERT-HPNE, hTERT-HPNE E6/E7/K-

RasG12D, hTERT-HPNE E6/E7/K-RasG12D/st cell lines to establish a compact spheroid model that can 

be used to reproduce in vivo characteristics or interaction. We co-cultured pancreatic epithelial cells 

(Pan) with CAF cells in different ratios (1:3, 1:1, 3:1 Pan:CAF) to capture the spectrum of varying  
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Figure 77: Examination of the influence of different concentrations of TF on cyclin D1  

 

a- hTERT-HPNE and b- AsPC-1 cells (5 x 104) were seeded in 24-well plates and incubated with TF (0 - 

4 U/ml) or TGFβ (5 ng/ml), along with untreated samples. The cells were collected after 2 days and 

then lysed; the mRNA extracted using Monarch® total RNA Miniprep Kit and GoTaq® 1-Step RT-qPCR 

System was used. The expression of cyclin D1 and β-actin mRNA were measured using RT-qPCR, and 

the relative amount of cyclin D1 mRNA expression levels were calculated against β-actin using the 2-

ΔΔCt method (n=3, three experiments carried out; data = mean values ± SEM; one-way ANOVA, * = 

p < 0.05 NS = not significant). 
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Figure 78: Examination of the influence of different concentrations of TF on bax 

 

a- hTERT-HPNE and b- AsPC-1 cells (5 x 104) were seeded in 24-well plates and incubated with TF (0 - 

4 U/ml) or TGFβ (5 ng/ml), along with untreated samples. The cells were collected after 2 days and 

then lysed; the mRNA extracted using Monarch® total RNA Miniprep Kit and GoTaq® 1-Step RT-qPCR 

System was used. The expression of bax and β-actin mRNA were measured using RT-qPCR, and the 

relative amount of bax mRNA expression levels were calculated against β-actin using the 2-ΔΔCt 

method (n=3, three experiments carried out; data = mean values ± SEM; one-way ANOVA, * = p < 

0.05, NS = not significant). 
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Figure 79: Examination of the presence of p16 protein in hTERT-HPNE and AsPC-1 cells 

 

 

 

a- hTERT-HPNE and b- AsPC-1 cells (105) were seeded in T25 flask. Cells were collected after 2 days 

and lysed in Laemmli buffer; the proteins were separated by SDS-PAGE. Expression of p16 was 

assessed by western blot using goat polyclonal anti-p16 antibody (1:3000 v/v in TBST), the 

membranes were incubated with AP-conjugated mouse anti-goat IgG antibody 1:3000 v/v in TBST). 

The membranes were then developed using Western Blue stabilised substrate for AP. 
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Figure 80: Examination of the influence of TF on the expression of p16 protein in hTERT-HPNE cells 

 

 

hTERT-HPNE cells (105) were seeded in 6-well plates and incubated with TF at 2 U/ml or TGFβ (5 

ng/ml), along with an untreated control. Cells were collected after 2 days and lysed in Laemmli buffer; 

the proteins were separated by SDS-PAGE. The expression of the p16 protein was assessed by 

western blot using goat polyclonal anti-p16 antibody (diluted 1:3000 v/v in TBST). The membranes 

were incubated with AP-conjugated mouse anti-goat IgG antibody (diluted 1:3000 v/v in TBST). The 

membranes were then developed using Western Blue stabilised substrate for AP (n=6, Images 

represent three experiments carried out in duplicates; data = mean values ± SEM; one-way ANOVA, 

* = p < 0.05). 
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Figure 81: Examination of the influence of TF on the expression of p16 protein in AsPC-1 cells 

 

 

 

AsPC-1 cells (105) were seeded in 6-well plates and incubated with TF at 2 U/ml or TGFβ (5 ng/ml), 

along with an untreated control. Cells were collected after 2 days and lysed in Laemmli buffer, the 

proteins were separated by SDS-PAGE. The expression of the p16 protein was assessed by western 

blot using goat polyclonal anti-p16 antibody (diluted 1:3000 v/v in TBST). The membranes were 

incubated with AP-conjugated mouse anti-goat IgG antibody (diluted 1:3000 v/v in TBST). The 

membranes were then developed using Western Blue stabilised substrate for AP (n=6, Images 

represent three experiments carried out in duplicates; data = mean values ± SEM; one-way ANOVA, 

* = p < 0.05). 
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Figure 82: hTERT-HPNE and CAF cells for spheroid formation 

 

hTERT-HPNE and CAF cells (105) were seeded in a non-adherent 96-well plate at ratios of 1:3, 1:1, and 

3:1 (Pan:CAF). The hTERT-HPNE cells were also monocultured. The plate was incubated at 37°C for 1 

day. a- the spheroids were analysed by bright field microscopy at x10 magnification, b- the diameter 

of the spheroids formed was measured using ImageJ (n=3, three experiments carried; data = mean 

values ± SEM; independent t-test, NS = not significant * = p < 0.05). 
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stromal content in human primary PDACs. All three cell lines were also monocultured to compare 

with the co-culture model. The size and shape of the spheroids were analysed using bright field 

microscopy after 1 day. The diameters of the spheroids formed were measured using imageJ and 

volume of the spheroids were calculated (Volume = 4/3 π r³, r is the radius). 

The hTERT-HPNE cells formed spheroids when co-cultured with CAF cells at 1:3, 1:1, and 3:1 ratios, 

while they did not form spheroids in monoculture. The spheroid of hTERT-HPNE cells with CAFs at a 

ratio of 1:1 was less compact compared to when co-cultured at 3:1 ratio Figure 82. The hTERT-HPNE 

E6/E7/K-RasG12D cells formed spheroids both when co-cultured with CAF cells at ratios of 1:3, 1:1, 

3:1 and when monocultured. However, the spheroids were less intact when they were monocultured 

(Figure 83). The hTERT-HPNE E6/E7/K-RasG12D/st cells also formed spheroids both in co-culture with 

CAF cells at all ratios and in monoculture, and the intactness of spheroids was maintained in both 

conditions (Figure 84). However, for hTERT-HPNE E6/E7/K-RasG12D and hTERT-HPNE E6/E7/K-

RasG12D/st cells, spheroids were less compact at 1:3 and 1:1 ratios with CAFs when compared to 

monoculture (Figure 83, Figure 84). 
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Figure 83: hTERT-HPNE E6/E7/K-RasG12D and CAF cells for spheroid formation 

 

hTERT-HPNE E6/E7/K-RasG12D and CAF cells (105) were seeded in a non-adherent 96-well plate at 

ratios of 1:3, 1:1 and, 3:1 (Pan:CAF). The hTERT-HPNE E6/E7/K-RasG12D cells were also monocultured. 

The plate was incubated at 37°C for 1 day. a- the spheroids were analysed by bright field microscopy 

at x10 magnification, b- the diameter of the spheroids formed was measured using ImageJ (n=3, three 

experiments carried; data = mean values ± SEM; independent t-test, NS = not significant, * = p < 0.05). 
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Figure 84: hTERT-HPNE E6/E7/K-RasG12D/st and CAF cells for spheroid formation 

 

hTERT-HPNE E6/E7/K-RasG12D/st and CAF cells (105) were seeded in a non-adherent 96-well plate at 

ratios of 1:3, 1:1 and, 3:1 (Pan:CAF). The hTERT-HPNE E6/E7/K-RasG12D/st cells were also 

monocultured. The plate was incubated at 37°C for 1 day. a- the spheroids were analysed by bright 

field microscopy at x10 magnification, b- the diameter of the spheroids formed was measured using 

ImageJ (n=3, three experiments carried; data = mean values ± SEM; independent t-test, NS = not 

significant, * = p < 0.05). 
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4.5. Discussion 

Metastasis occurs early during tumour development, as evidenced by the appearance of metastatic 

lesions years after the resection of small tumours with no evidence of metastasis at diagnosis (481). 

This concept is particularly relevant to pancreatic cancer, where most patients are diagnosed with 

metastatic disease. Even patients who undergo surgical resection of small pancreatic tumours with 

clear margins and no evidence of metastasis have a high mortality rate due to metastatic disease 

within five years (482). Studies in breast and lung cancers (483, 484) suggest that metastatic seeding 

may be mediated by cells that do not meet the agreed definition of cancer. A lineage-labelling system 

used to identify cells of pancreatic epithelial origin during stochastic tumour progression also 

revealed EMT in premalignant lesions, primarily in PanIN 2 and 3 lesions (2.7% and 6.8%, respectively), 

but not in PanIN 1 lesion (463). Additionally, EMT was prevalent in ADM areas, especially in lesions 

surrounded by abundant inflammatory cells. These findings suggest that cellular dissemination 

leading to metastasis may occur before an identifiable primary tumour forms, which has significant 

clinical and biological implications. 

Inflammation can promote changes in the microenvironment of the primary site of neoplasia and 

enhance invasion and dissemination through EMT. TF expression is known to be induced by 

inflammatory cytokines, and it can also trigger a variety of cellular responses that promote 

inflammation. TF promotes the recruitment of inflammatory cells to the site of injury or infection, 

facilitating their migration through the extracellular matrix. Therefore, TF contributes to the 

development and maintenance of an inflammatory microenvironment, which in turn may promote 

cancer progression. TF has also been shown to participate in EMT, for example, TF-induced activation 

of the Wnt/β-catenin signalling pathway in retinal pigment epithelium ARPE-19 cells (485). 

Additionally, TF increases β-catenin expression through the AKT/glycogen synthase kinase (GSK)3β 

signalling in breast cancer (486) and inactivates E-cadherin expression and upregulation of vimentin 

expression through EGFR in human epidermal squamous cell carcinoma (215). Finally, TF regulated 

human coronary artery smooth muscle cell migration via Wnt signalling (487). In this context, the 

capability of the inflammatory actions of TF to modulate EMT was investigated. In order to achieve 

this, a marker for the progression of cells through EMT was required. The increased expression of 
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vimentin was selected as the marker of EMT in this current study. Various other methods can also be 

used for detecting epithelial to mesenchymal transition (EMT) in cellular models. Some commonly 

used techniques include immunofluorescence staining, which involves using fluorescently labelled 

antibodies to detect and visualise the expression and localisation of EMT markers. It allows for 

assessing changes in protein expression and cellular morphology associated with EMT. Common EMT 

markers include E-cadherin, claudins, occludins, catenins, desmoglein and desmocollin (epithelial 

marker) and N-cadherin, vimentin, fibronectin, smooth muscle actin (SMA) (mesenchymal markers). 

Immunofluorescence staining can provide spatial information on EMT marker expression within cells 

and tissues. Quantitative PCR (qPCR): This method allows for measuring changes in mRNA expression 

levels of EMT-related genes. It provides quantitative information on gene expression changes 

associated with EMT. Commonly studied genes include Slug, Snail, Twist, and Zeb1, mir-200. Flow 

cytometry technique allows for the quantification of cell surface marker expression, including EMT 

markers, at the single-cell level; for e.g.- surface markers expressed in cells in an epithelial state 

(EpCAM and CD24/CD104), protein markers expressed in cells in a mesenchymal state (CD44). It 

enables the identification and characterisation of distinct cell populations within a heterogeneous 

cell population based on their surface marker expression profiles.  

Vimentin is an intermediate filament protein commonly used as a marker for mesenchymal cells. It 

is a frequent marker for identifying cancer cells that undergo EMT (488, 489). Vimentin expression 

positively correlates with enhanced cell invasiveness and metastasis (490). While optimising the 

detection of EMT markers in this study, vimentin was found to be expressed in all cell lines. However, 

E-cadherin, cadherin 11 and fibronectin were not. This finding suggests that vimentin may be a more 

reliable marker of EMT and was used as a marker of EMT in subsequent experiments. The maximal 

expression of vimentin was observed on day 2 with 5 ng/ml of TGFβ in both hTERT-HPNE and AsPC-

1 cells. This was consistent with the concentration and incubation period of EMT induction with TGFβ 

reported in the literature (491, 492). Therefore, subsequent studies were carried out with 5 ng/ml 

TGFβ and incubated for 2 days as a positive control. 

Once the increased expression of vimentin as the marker of EMT was verified, the effect of TF and 

fVIIa on vimentin expression was examined in different cell lines, which showed that TF and fVIIa 
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could modulate vimentin expression. TF and fVIIa had differential effects on the expression of 

vimentin. In hTERT-HPNE cells, treatment with TF or PAR2-AP led to an increase in vimentin 

expression, while treatment with fVIIa led to a decrease in vimentin expression. Interestingly, when 

hTERT-HPNE cells were treated with a combination of TF and fVIIa, the expression of vimentin was 

moderated with the addition of fVIIa resulting in a decrease in vimentin expression. However, 

treating AsPC-1 cells with the TF and fVIIa did not alter vimentin expression, which suggests a 

differential behaviour of already transformed cells. This supports the notion that induction of EMT 

by TF might be an early event at the pre-invasive stage. In addition, PAR2-AP exposure led to the 

upregulation of vimentin mRNA expression in malignant cell lines. These findings suggest that PAR2, 

which is activated by a variety of serine proteases, may play a role in regulating EMT in PC cells, as 

also evident in other cancer cells (493). 

This in vitro study has shown that the effects of TF on vimentin expression may be concentration-

dependent in benign cells. In hTERT-HPNE cells, exposure to TF at a concentration of 0.65 ng/ml 

resulted in the upregulation of vimentin mRNA expression, indicating induction of EMT. This TF 

concentration is comparable to that identified in the clinical samples as a cut-off value (TF = 0.75 

ng/ml) distinguishing between non-resective (benign and LGD) and resective (HGD and invasive 

cancer) disease. However, in AsPC-1 cells, vimentin expression was not dependent on TF 

concentrations. This indicates that the influence of TF on EMT occurs early during the formation of 

precursor lesions. Further assessment is needed to establish this concept. Several pre-clinical models 

of PDAC are currently available for EMT-studies (494). We should shift the focus from primarily 

monitoring changes in a few easily observable molecular markers and instead describe EMT and MET 

as functional alterations in the biological properties of cells. By adopting this perspective, the true 

role of EMT in animal development and pathological processes can be better understood. Therefore, 

whenever possible in experiments, the assessment of EMT should involve the consideration of both 

cellular properties and the use of multiple molecular markers. This comprehensive approach will 

provide a more accurate and faithful representation of the function of EMT in various biological 

contexts. 
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Both hTERT-HPNE and AsPC-1 cells expressed full-length fVII and its active form, fVIIa. However, the 

expression of fVIIa was higher in AsPC-1 cells compared to hTERT-HPNE cells. This supports the 

suggestion that cancer cells may acquire the ability to produce fVII as a result of genetic mutations 

or epigenetic changes that alter the expression of fVII and its regulatory factors. Furthermore, the 

expression of HNF4α was higher in AsPC-1 cells compared to hTERT-HPNE cells, suggesting that 

HNF4α is one of the transcription factors responsible for promoting the expression of fVII in these 

cell types. This adds to previous studies that found that ectopic expression of fVII in PC can also be 

induced by the recruitment of p300/CBP and Sp1 (479). Incubation of hTERT-HPNE cells with TF 

resulted in an increase in HNF4α expression, however, had no influence on the AsPC-1 cells. These 

findings indicate that TF increases the expression of HNF4α in pancreatic epithelial cells before they 

become invasive.  

Finally, the current study demonstrated that the expression of cyclin D1 (a protein involved in cell 

cycle regulation), bax (a pro-apoptotic protein), and p16 (a tumour suppressor protein) can be 

influenced by TF in hTERT-HPNE and AsPC-1 cells. However, the outcomes vary based on the 

concentration of TF. Incubating hTERT-HPNE or AsPC-1 cells with low TF concentration (0.65 ng/ml) 

significantly increased cyclin D1 mRNA expression, while higher concentrations (5.2 ng/ml) increased 

bax mRNA expression. TF exposure increased p16 protein expression in hTERT-HPNE cells but not in 

malignant cells. These results suggest that TF can modulate the expression of genes/proteins related 

to cell proliferation and apoptosis in a concentration-dependent manner, with varying effects on 

benign and malignant cells. Further investigation is needed to explore the effect on cell cycle 

regulators on long-term exposure to TF.  

Co-cultures of cancer cells with CAFs are often used as in vitro models of EMT (Figure 85) (495). The 

spheroid assay, also known as the 3D cell culture assay or tumour spheroid assay, is a widely used 

technique in cell culture experiments to study cell behaviour and interactions in a more 

physiologically relevant environment than traditional 2D cell cultures. While the spheroid assay has 

several advantages, it also has some limitations (496). For example, spheroids are complex structures 

with cells in different layers and gradients of nutrients and oxygen. The variability in size, shape, and 

cellular composition among different spheroids can make it challenging to obtain consistent and  
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Figure 85: Summary of advantages and limitation of currently available pre-clinical models of PDAC (494) 
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reproducible results. As spheroids grow larger, nutrient and oxygen diffusion becomes limited, 

leading to gradients of these essential factors within the spheroid. This limitation can affect the 

viability and functionality of cells in the core of the spheroid, making it difficult to study their 

behaviour accurately. The outer layer of cells in a spheroid may differ from the inner cells due to 

differences in nutrient and oxygen availability (497). This can pose challenges when studying drug 

penetration or evaluating the response of all cells to experimental treatments. Spheroid cultures 

require specialised techniques, such as hanging-drop cultures, low-adherent plates, or specialised 

scaffolds, which may involve additional equipment, expertise, and resources compared to traditional 

2D cell cultures. Imaging and analysing spheroids can be more challenging than 2D cultures due to 

the three-dimensional nature of the structures. It may require specialised microscopy techniques or 

image analysis algorithms to accurately assess spheroid characteristics. Despite these limitations, the 

spheroid assay remains a valuable tool in cell culture experiments, offering more physiological 

relevance than 2D cultures and providing insights into cell behaviour, drug efficacy, and tissue 

development.  

A spheroid model was established by co-culturing pancreatic epithelial cells with CAF cells. A 1:3 to 

3:1 ratio of cancer cells to CAF cells was used as it was in the range reported to have in vivo relevancy, 

where the ratios of 1:1 to 1:3 have commonly been used (495, 498, 499). The findings in this study 

suggest that co-culture with CAF cells can enhance the formation of spheroids in pancreatic epithelial 

cells at a ratio of 1:1. On the other hand, the degree of compactness and intactness was highest at a 

ratio of 1:3 in malignant cell lines (hTERT-HPNE E6/E7/K-RasG12D/st). Our model of co-culturing 

cancer cells and CAFs in the form of spheroids could provide a more physiologically relevant model 

to study the EMT. EMT can be induced in the co-culture spheroids using various approaches. This can 

include adding specific growth factors, cytokines, or other factors known to induce EMT. Optimise 

the treatment conditions, such as concentration and duration, based on previous 2D studies or 

preliminary experiments. EMT-related changes can be monitored or assessed in the co-culture 

spheroids by analysing the expression of EMT markers, such as epithelial markers (e.g., E-cadherin) 

and mesenchymal markers (e.g., N-cadherin, vimentin), through techniques like 

immunofluorescence staining, Western blotting, quantitative PCR or flow cytometry. Additionally, 

changes in cell morphology, cell migration, invasion, and metastatic potential can be assessed.  
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Transwell migration and invasion assays can be used to evaluate the migratory and invasive potential 

of cells within the spheroids by assessing the ability of these cells to migrate or invade through a 

porous membrane towards chemoattractants or extracellular matrix components. Advanced 

microscopy techniques like 3D imaging and confocal microscopy can be utilised to visualise the 

spheroids in three dimensions and assess changes in morphology, cell-cell interactions, and cellular 

distribution of EMT markers. Confocal microscopy can provide high-resolution images of spheroids, 

enabling detailed analysis of cellular behaviour and EMT-associated changes. Additionally, it is 

essential to validate the observed EMT changes using multiple techniques and controls to ensure the 

robustness of the findings. 

Several studies demonstrate the use of spheroid co-culture models involving pancreatic cancer cells 

and stromal components, such as CAFs, to investigate EMT and its role in pancreatic cancer 

progression (500-502). Using the spheroid model developed as part of our study, we will further 

investigate the role of TF on EMT and explore the effect of TF inhibition on EMT. 

This study described the influence of TF on EMT and cell cycle regulators. Exogenous TF induced EMT 

at a concentration of 0.65 ng/ml, which is comparable to the concentration found in the resective 

precursor lesions (> 0.75 ng/ml). Understanding the mechanisms by which TF influence EMT or 

regulates the G1/S checkpoint may provide essential knowledge for future investigations of TF-

targeted diagnostic tool and therapy. 
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Chapter 5 

 

5. General discussion 
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Pancreatic cancer is the seventh leading cause of cancer death globally in both sexes (503). It 

accounts for almost as many deaths (466,000) as cases (496,000) because of its poor prognosis. 

Incidence is highest in Europe, Northern America, and Australia/New Zealand. Due to the increasing 

prevalence of obesity, diabetes, and alcohol consumption, both incidence and mortality rates have 

either been stable or have slightly increased. However, improvements in diagnostic and cancer 

registration practices may also be in play in some countries. It has been projected in a study of 28 

European countries that pancreatic cancer will surpass breast cancer as the third leading cause of 

cancer death by 2025. PDAC is highly aggressive, and surgical intervention is currently the only 

curative option for early-stage tumours. PDAC is associated with distinct precursor lesions (41), 

including PanIN, IPMN, and MCN, which may impact disease biology, prognosis, and therapy efficacy. 

Physicians rely on symptom assessment, imaging techniques, and cytological findings to categorise 

precursor lesions and predict the risk of progression to invasive disease based on the International 

Association of Pancreatology (IAP) and the European Study Group on Cystic Tumours of the Pancreas 

guidelines (46, 427). Despite the increasing identification of incidental cystic radiopathology with 

advanced imaging, the incidence of lesions associated with invasive carcinoma remains low (~10%). 

Among histologically confirmed IPMN cases, approximately 30% of resected cases are found to have 

invasive tumours. Patients with "high-risk stigmata", as defined by the IAP guidelines, have a 5-year 

risk of PDAC development of approximately 50% (428). Another notable feature of PDAC is its 

multifocal nature and the appearance of recurrences distant from the resection margin (504, 505). 

While surgical removal of precursor lesions is currently the best option for a cure, it can be associated 

with significant morbidity and mortality (429), and disease recurrence rates range from 1.3% - 8% 

and 46% - 67% for noninvasive IPMNs and invasive carcinomas associated with IPMN, respectively 

(506-508). At present, there are no definite criteria besides those of broad morphological features to 

guide surgical intervention for PCLs or IPMN patients (46, 509). Moreover, there is still uncertainty 

about the appropriate guidelines for the management of asymptomatic pancreatic cysts (430). 

Therefore, major unmet needs in the field include a better understanding of the biology of precursor 

lesions, as well as identifying a reliable indicator for the development of invasive tumours. 
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In 2006, the initial guidelines for managing IPMN were published as Sendai guidelines (432), which 

were later updated to the Fukuoka guidelines in 2012 (45) and later again in 2017 (46). These 

guidelines, also called ICG, categorise IPMNs as MD-IPMN, BD-IPMN, and mixed-type IPMNs based 

on imaging and histology. The guidelines classify all IPMNs into three categories: low-risk, those with 

"worrisome features," and those with "high-risk stigmata." Additionally, the American 

Gastroenterological Association (AGA) guidelines (430) for pancreatic cysts define high-risk lesion 

characteristics as a size of ≥3 cm, a dilated MPD, and mural nodules. The AGA guidelines recommend 

EUS with a FNA of cyst fluid for further analysis of high-risk lesions, which helps decide whether to 

observe or resect the lesion. The AGA guidelines have shown improved sensitivity (50%) and accuracy 

(73.7%) compared to the Fukuoka guidelines but are less specific for managing pancreatic cysts (430). 

However, despite improved criteria, a significant percentage of patients still undergo pancreatic 

resection for noninvasive lesions, which may be either benign or have LGD on postoperative 

pathological examination (up to 77%) (362, 433-436). 

The increase in the detection of pancreatic cysts has exerted a significant strain on the healthcare 

system due to the complexity of pancreatic surgery and the capacity consumption of radiological 

surveillance. Over the past decade, there has been a sharp rise in the surgical treatment of pancreatic 

cysts, partly due to incidental detection. During 2014 in the US, about 31% of pancreatic resections 

were performed to remove cysts, up from just over 10% in 2001 (510). However, this increase has 

not resulted in a decrease in the number of invasive cancers detected, indicating overdiagnosis 

and/or overtreatment. The current diagnostic procedures do not accurately distinguish LGD from 

HGD or invasive cancers, which leads to clinical uncertainty and further contribution to overdiagnosis 

and overtreatment. 

Despite the low probability of benign cysts becoming malignant and the risks associated with 

pancreatic resection, surgeons and patients often choose to surgically remove cysts even more 

frequently than suggested by guidelines. Consequently, the overtreatment leads to associated 

morbidity, mortality, and healthcare costs (431). Therefore, the question arises whether the benefits 

of treating pancreatic cysts outweigh the harms to the patient. 
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A recent study reported that both surveillance and surgery for a newly diagnosed incidental 

pancreatic cyst are costly, with surveillance based on consensus guidelines being the least cost-

effective strategy (431). This study suggests that improved specificity would prevent the resection of 

low-grade cysts and avoid overtreatment and should be a key focus in managing pancreatic cysts. 

Importantly, the study reported that at 89% specificity, the benefits of avoiding overtreatment 

outweigh the low risk of missing potential cancers. Therefore, improvements in specificity level 

should be the target for new diagnostic tests to ameliorate current practice.  

A recent systematic review indicates that high-risk individuals attain positive psychological outcomes 

from participating in PC screening programs (511). However, a later study addressed several potential 

harms of surveillance, including false positive test results, complications and side effects of diagnostic 

investigations and overtreatment. Cancer worries appear to be significantly higher during intensified 

surveillance. This is a further health facet that would benefit from more objective tests to guide clear 

decision making by identifying and intervening where the risk of malignancy is greatest (512). 

In this study, TF/ fVIIa tumour-regulatory signalling molecules were examined under the TEM-PAC 

study. TF plays a central role in the coagulation cascade and is consistently upregulated in various 

human malignancies. TF activates several PARs that initiate a diverse array of functions and also 

influence pathological processes via coagulation-dependent and -independent mechanisms together 

with other coagulation factors. This study also explored if TF promotes a more invasive phenotype, 

including EMT, through in vitro experiments with various cell lines. The impact of TF on the regulation 

of fVII expression and cell proliferation was also examined. 

The involvement of the coagulation system in cancer progression was reported has been identified 

from early to late stages, affecting tumour initiation, growth, and angiogenesis. In addition, different 

ratios of fVIIa to TF within MV could lead to varying outcomes in cultured primary endothelial cells. 

Both the concentration of TF with which the cells came into contact and the fVIIa:TF ratio appear to 

be critical in determining the fate of endothelial cells (section 1.7.5). The presence of TF in the tumour 

microenvironment may promote the transition from a dormant or latent state of carcinogenesis to a 

tumorigenic state by modifying the phenotypic functional state and molecular evolution of tumour 

cells. 
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 Evidence suggests that EMT may be prevalent in pancreatic lesions even before the formation of an 

identifiable primary tumour (section 4.1.3). Inflammation can promote cancer progression by 

inducing changes in the microenvironment of the primary site and enhancing cellular invasiveness 

and dissemination through EMT. TF plays a crucial role in this process by promoting cancer 

progression through activating signalling pathways and regulating EMT-related gene expression. 

Studies in breast and lung cancers suggest that metastatic seeding may be mediated by cells that do 

not meet the standard definition of cancer (483, 484).  

In the clinical study of this thesis, the potential of measuring TF and fVIIa levels in the pancreatic cyst 

fluids as an indicator of the malignant transformation of precursor cystic lesions was explored. The 

data was compared to the current parameters used during the diagnostic work-up of PCL. PCyF 

samples were examined from 27 patients with PCLs who underwent EUS and FNA or cyst fluid 

aspiration during surgical resection. The cohort included patients with various pathological cyst types, 

such as IPMN, MCN, pseudocyst, serous cyst, IPMN with a solid mass, cyst with a solid mass, and 

unspecified benign cyst. Patients were divided into two risk groups based on cyst type. The low-risk 

group had benign cysts and LGD, while the high-risk group had HGD and invasive/malignant cysts. 

Two-thirds of patients had the non-resective disease, and one-third had resective disease.  

The concentration of the TF antigen in PCyF increased with the progression of the four 

histopathological stages, with a significantly higher concentration found in the resective group than 

in the non-resective group (p=0.004). The mean TF concentration was 1.17 ± 0.22 ng/ml (95% CI 0.68, 

1.67) in the resective group and 0.27 ± 0.08 ng/ml (95% CI 0.1, 0.44) in the non-resective group. The 

TF/TP ratio was also higher in the resective group (3.37 ± 0.67 pg/µg) than in the non-resective group 

(0.8 ± 0.22 pg/µg). The fVIIa concentration in the PCyF increased with the progression of histological 

grade, but the rise was less than that of TF. The fVIIa and TF ratio decreased with histological grade 

progression. The mean fVIIa:TF ratio was marginally lower in the resective group (84.82 ± 43.8, 95% 

CI 0, 185.04) than in the non-resective group (437.46 ± 219.72, 95% CI 0, 901.02), but this difference 

was not statistically significant (Figure 45).  

The diagnostic ability of TF at a cut-off value of 0.75 ng/ml was significantly high in differentiating 

between resective and non-resective diseases. The AUC at this cut-off value was 0.877, indicating 
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high accuracy in distinguishing between the two disease types. On the other hand, the fVIIa 

concentration (AUC 0.698) and fVIIa:TF ratio (AUC 0.451) had low diagnostic accuracy. TF at a cut-off 

point of 0.75 ng/ml achieved a 78% sensitivity, 94% specificity, PPV of 88%, negative NPV of 89%, and 

an accuracy of 89%, indicating that TF is a reliable diagnostic test for any PCL that is at high risk of 

transforming into invasive malignancy and could meet the criteria set for minimum accuracy.  

'High-risk stigmata', if combined (MPD ≥ 10 mm and enhancing solid components within cyst), could 

stratify the resective group, but individually the high-risk features or the 'worrisome features' could 

not stratify the resective and non-resective group. Although a significant moderate positive 

correlation was found between resective cysts and radiographic high-risk stigmata, none of the 

radiographic features on their own had any significant correlation. On the other hand, a TF 

concentration of ≥ 0.75 ng/ml had a significantly strong positive correlation (correlation coefficient 

0.745) with resective cysts (p <0.001) and a moderate positive correlation (correlation coefficient 

0.514) with radiographic high-risk stigmata (p=0.004) and CEA of ≥192 ng/ml (correlation coefficient 

0.514, p=0.02) (see Table 31 and Table 32). The odds of diagnosing a resective cyst were significantly 

high with TF (OR 59.5, 95% CI 4.6, 767.2, p=0.002) (Table 33). 

The in vitro work of this thesis investigated how TF and fVIIa alter vimentin expression, a 

mesenchymal marker of EMT, in various cell lines. The results showed that TF and fVIIa have 

differential effects on vimentin expression. In hTERT-HPNE (benign) cells, treatment with TF led to an 

increase in vimentin expression, while treatment with fVIIa led to a decrease in vimentin expression. 

The addition of fVIIa to TF moderated vimentin expression. In benign cells, the effects of TF on 

vimentin expression appear to be concentration-dependent, with a concentration of 0.65 ng/ml 

inducing EMT. In contrast, not unexpectedly, as they are already transformed, vimentin expression 

was not dependent on TF concentration in malignant cells. TF may also regulate the expression of 

HNF4α, a transcription factor involved in the expression of fVII, in pancreatic epithelial cells. 

Additionally, cancer cells may acquire the ability to produce fVIIa through increased expression of 

HNF4α. Prior work from our lab laboratory had shown that there is a shift from pro-apoptotic to 

proliferative properties in endothelial cells when the molar ratio of fVIIa to TF reaches approximately 

15:1. It is plausible that frequent exposure to high levels of TF, coupled with depleted reserves of fVII 
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(resulting in a low fVIIa:TF ratio), may prompt cellular apoptosis. This, in turn, could trigger the signals 

necessary to induce EMT in pre-malignant cells, thereby facilitating their ability to leave the hostile 

tumour microenvironment and metastasise to a more favourable environment. Furthermore, it was 

found that TF can influence the expression of genes related to cell proliferation and apoptosis in a 

concentration-dependent way. Low concentrations (0.65 ng/ml) of TF increased cyclin D1 mRNA 

expression, while high concentrations (5.2 ng/ml) increased bax mRNA expression in hTERT-HPNE or 

AsPC-1 cells. The finding in the in-vitro study suggests that a concentration of 0.65 ng/ml of 

exogenous TF could induce EMT. This is comparable to the cut-off value of TF concentration found in 

the clinical study, which identified resective precursor lesions. Further investigations are needed to 

explore the long-term effects of TF exposure on EMT and cell cycle regulators.  

Pancreatic cancer is challenging as it has usually metastasised by the time it is diagnosed. Therefore, 

early diagnosis and treatment are critical for reducing pancreatic cancer-related deaths. To achieve 

early detection and treatment of pancreatic neoplasms, several challenges need to be addressed. 

First, it is essential to identify curable lesions such as HGD that can lead to advanced and incurable 

pancreatic cancers. Second, the progression from localised curable lesions to advanced cancers must 

be at a phase where reasonable opportunity exists to detect potentially curable localised lesions that 

have not metastasised or advanced to a point where surgical removal fails to produce a curative 

outcome due to early involvement of other tissues despite macroscopic (including PET CT) evidence. 

Thirdly, a method must be established to differentiate localised lesions with a reasonable risk of 

progressing to advanced cancer from those with little or no risk of progression, i.e. HGD and LGD. 

Given the complexities of treating pancreatic lesions, it is crucial to distinguish between the two types 

of lesions to avoid unnecessary treatments. 

As the cyst-associated TF levels appear to correlate with cytological progression to the malignant 

phenotype and may allow better discrimination of the ‘resective’ cystic lesion, TF should be 

considered for further research in larger prospective studies to confirm its potential as a diagnostic 

marker for pancreatic cancer. In addition, incorporating TF into the standard PCyF markers of 

malignancy or creating a prediction model with multiple PCyF markers and radiographic high-risk 

stigmata could potentially enhance the diagnostic precision of current malignancy predictors. Further 
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research is required to understand the mechanism behind how TF triggers EMT. To investigate this, 

multiple EMT markers and the co-culture model could be used to examine the effects of TF on cells. 

Understanding how TF promotes EMT could also provide a basis for developing new therapeutic 

interventions to inhibit its activity, potentially slowing or halting pancreatic cancer progression. It is 

also important to explore the potential role of HNF4α dysregulation in the development of EMT and 

whether it could be a target for intervention. By pursuing these lines of research, we may better 

understand the underlying mechanisms of pancreatic cancer and develop more effective treatments 

for this aggressive disease. 

The next steps following the current study are to verify the role of TF in the biological process of EMT, 

as discussed in the previous chapters. This confirmation will provide a deeper understanding of TF's 

involvement in cellular transformations and its potential implications in various biological contexts 

and pathological events. Furthermore, the study has expanded its scope to employ a multi-omics 

approach in examining cystic lesions. This broader approach incorporates multiple omics disciplines, 

such as genomics, proteomics, and metabolomics, to gain a comprehensive understanding of the 

molecular mechanisms underlying cystic lesions. By utilising a multi-omics approach, researchers can 

explore various molecular aspects simultaneously, providing a more comprehensive and integrated 

view of the complex nature of cystic lesions. This expansion allows for a deeper exploration of the 

underlying molecular pathways and potential biomarkers associated with these lesions, paving the 

way for more targeted and personalised diagnostic and therapeutic strategies in the future. 

 

In conclusion, TF has a pivotal role in the inflammatory microenvironment of PDAC, and our work 

suggests a driver of the phenotypic malignant state through EMT transformation. Clinically as a stand-

alone marker in PCyF, it demonstrated in this study the kind of high specificity (94%) that would meet 

the criteria to potentially improve the ability to identify the malignant potential of PCLs before 

surgery and provide a more reliable method for classifying ambiguous cystic lesions, leading to 

substantial improvements in healthcare costs. The work in this thesis suggests that this is a 

reasonable marker to be included in further research within the context of a larger prospective study 

to confirm this potential. 
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MBC Metastatic breast cancer 

MCN Mucinous Cystic Neoplasm  

MDSC Myeloid derived suppressor cells  

MET Mesenchymal-to-epithelial transition 

min Minute 

MMRD Mismatch repair deficiency 

MPD Main pancreatic duct diameter 

MRCP Magnetic resonance cholangiopancreatography  

MRI Magnetic resonance imaging  

mRNA Messager Ribonucleic acid 

myCAFs Myofibroblast-type fibroblasts  

n Nano 

N Normality 

NET Neutrophil extracellular trap 

NF-kB Nuclear factor-kappa B 

NICE National Institute of Health and Care Excellence  

NPV Negative predictive value 

NS Not significant 

p16 p16INKa  

PanIN Pancreatic intraepithelial neoplasia  

PAR Protease-activated receptor 

PBS Phosphate buffer saline 

PBST  PBS containing Tween-20 
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PC Pancreatic cancer  

PCL Pancreatic cystic lesions 

PCN Pancreatic cystic neoplasm 

PDAC Pancreatic ductal adenocarcinoma  

PD-L1 Programmed death ligand 1  

PE R-phycoerythrin 

PI3K Phosphoinositide 3-kinases  

PIF Patient information leaflet 

PIK3CA Phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha 

PKC Protein Kinase C  

PPV Positive predictive value 

PSC Pancreatic stellate cells  

PTEN Phosphatase and Tensin Homolog deleted on Chromosome 10 

RAS Rat sarcoma 

REC Research Ethics Committee 

RNA Ribonucleic acid 

ROC Receiver operating characteristic  

ROS Reactive oxygen species 

RT-qPCR Reverse transcription-quantitative polymerase chain reaction 

SCT Serous cystic tumour  

SDS Sodium dodecyl sulphate 

SDS-PAGE Sodium dodecyl sulphate - polyacrylamide gel electrophoresis 

SEM Standard error of mean 

Ser Serine 

SP Streptavidin-peroxidase 

SPN Solid pseudopapillary neoplasm 

STAT Signal transducer and activator of transcription  

TAM Tumour-associated macrophages. 

TBS Tris-HCl buffered saline 

TBST TBS containing Tween-20 

TEMED N,N,N’,N’-tetramethylethylenediamine 

TF Tissue factor  

TF+MV TF-bearing microvesicles 

TGFβ Transforming growth factor β 

TME Tumour microenvironment  

TNBC Triple-negative breast cancer 

TNFα Tumour necrosis factor α 

Treg Regulatory T-lymphocytes  

Tris Tris(hydroxymethyl)aminomethane 

TNM stage Tumour, Node, Metastasis stage  

UK United Kingdom 
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v/v Volume to volume 

VCAM-1  Vascular cell adhesion molecule-1 

VEGF Vascular endothelial growth factor  

VTE Venous thromboembolism  

vWF von Willebrand factor 

w/v Weight to volume 

WHO World Health Organisation  

α Alpha 

β Beta 

μ  Micro  

  

 

  



[Type here] 
 

 

293 
 

 

Appendix 1 

 

 

 

 

 

 

 

 

 

 

Study of Tumour Regulatory Molecules as Markers of 
Malignancy in Pancreatic Cystic Lesions (TEM-PAC)  

 

Protocol 
 

Version 1.9 

REC Reference Number:  18/LO/0736 

R&D Reference Number: R2224 

 

Chief Investigator: Professor Anthony Maraveyas 

   Department of Academic Oncology    

Queen’s Centre for Oncology and Haematology 

   Castle Hill Hospital 

   Castle Road, Cottingham 

   Hull, HU16 5JQ 

    

   Tel:  01482 461245 

   Email:  anthony.maraveyas@nhs.net 

Queen’s Centre for Oncology and Haematology 

Castle Hill Hospital 

Castle Road 

Cottingham 

HU16 5JQ 

 



[Type here] 
 

 

294 
 

 

 

This trial will be conducted in compliance with the protocol, GCP and the applicable regulatory 
requirements. 
 
Signature  ………………………………………………….. Date  …………………….. 
 
 
The study Sponsor is Hull University Teaching Hospitals NHS Trust 
 
Sponsor:  Hull University Teaching Hospitals NHS Trust    

R&D Department 
   Office 13, 2nd Floor Daisy Building 

Castle Hill Hospital 
   Castle Road, Cottingham 
   Hull, HU16 5JQ 
 
 
Signature  ………………………………………………….. Date  …………………….. 

 

 

Contact details: 

Chief 

Investigator 

Professor Anthony Maraveyas, 

Professor and Honorary Consultant in 

Oncology 

Queen’s Centre for Oncology & Haematology 

Castle Hill Hospital 

Castle Road, Cottingham 

Hull, HU16 5JQ, UK 

Tel:  01482 461245 

 

Email: 

anthony.maraveyas@nhs.net 

 

Co-Investigators Dr Camille Ettelaie 

Lecturer in Biomedical Sciences 

Faculty of Health Science 

University of Hull 

Cottingham Road 

Hull, HU6 7RX, UK 

Tel:  01482 465528 

 

Email: 

C.Ettelaie@hull.ac.uk 

 Dr Leonid Nikitenko 

Faculty of Health Sciences 

University of Hull 

Cottingham Road 

Hull, HU6 7RX, UK 

Tel: 

 

Email:   

L.Nikitenko@hull.ac.uk 

 Dr Abdul Razack Tel: 



[Type here] 
 

 

295 
 

 

Consultant Gastro-intestinal and Abdominal 

Radiologist 

Department of Radiology 

Castle Hill Hospital 

Castle Road, Cottingham 

Hull, HU16 5JQ, UK 

 

Email:   

abdul.razack@nhs.net 

 Mr Pavlos Lykoudis 

Consultant HPB Surgeon 

Department of Upper Gastrointestinal Surgery 

Castle Hill Hospital 

Castle Road, Cottingham 

Hull, HU16 5JQ, UK 

Tel: 

 

Email:  

pavlos.lykoudis@nhs.net 

 Dr Alexander Buchanan 

Specialist Registrar in General Surgery 

Castle Hill Hospital 

Castle Road, Cottingham 

Hull, HU16 5JQ, UK 

Tel: 

 

Email: 

alex.buchanan1@nhs.net 

Study Statistician Dr Chao Huang 

Senior Lecturer in Statistics 

Allam Medical Building 

University of Hull, Cottingham Road 

Hull, HU6 7RX, UK 

Tel:  01482 463281 

 

Email:  

Chao.Huang@hyms.ac.uk   

  



[Type here] 
 

 

296 
 

 

Study Summary 

The effective diagnosis of pancreatic cancer is often quite challenging, due to a lack of disease-specific 
symptoms, resulting in the majority of patients presenting with advanced disease, with an associated dismal 
prognosis. Earlier detection of pancreatic cancer, at a stage where surgery is feasible, would greatly increase 
the 5-year survival rate. Detecting pancreatic cancer early is therefore vital to improve the prognosis for 
these patients. 

Pre-cancerous pancreatic cysts are an early indicator of malignant transformation. The ideal screening test 
would be capable of detecting pancreatic cancer at these initial stages. Current procedures for pancreatic 
cancer diagnosis are invasive, uncomfortable and costly, and can be considered unnecessary in those cysts 
found to be benign. 

We propose to study a number of tumour regulatory molecules that have been the subject of research in 
laboratories at the University of Hull (e.g., tissue factor (TF), adrenomedullin (AM) using enzyme-linked 
immunosorbent assays (ELISA) tests) that have been studied in the context of carcinogenic transformation in 
more common malignancies but have yet to be fully tested in pancreatic malignant transformation. The 
recent introduction of platform technologies at the University of Hull has broadened this area of 
investigation by giving us access to next generation genomic sequencing and proteomic analyses of small 
amounts of tissue samples. We intend to analyse pancreatic cystic fluid samples using these technologies to 
discover new regulatory molecules.  

Altogether, this study will measure the levels of novel regulatory molecules and genetic changes involved 
with pancreatic cancer carcinogenesis using a combination of conventional techniques (e.g. ELISA) and state-
of-the-art platform technologies in pancreatic cysts from those patients in whom cancer may be suspected, 
to determine the potential of these molecules to serve as markers to detect early changes towards 
pancreatic cancer. 

Lay Summary 

Pancreatic cancer is difficult to diagnose early as it does not usually cause any signs or symptoms in these 
early stages. Once it reaches a more advanced stage, it is very difficult to treat and survival is poor. 
Diagnosing pancreatic cancer often requires a number of different tests, some of which can be invasive and 
uncomfortable. A non-invasive test capable of detecting pancreatic cancer in its earliest stages would 
therefore increase chances of survival and improve patient quality of life. Cysts found in the pancreas are 
often not cancerous, but on occasions are found to develop into pancreatic cancer. Detecting changes in 
these cysts before a cancer develops may provide a good way to detect cancer early. 

We intend to use new laboratory tests that measure the levels of different proteins and also the changes in 
genes in blood, urine and cystic fluid samples. Initial studies in common cancers such as in breast, prostate 
and colon have shown promise for these protein-based or gene-based techniques to detect changes in cells 
that indicate early stages of development of a cancer. So we now intend to see if these tests are also 
effective in early detection of pancreatic cancer. In this study, these proteins will be measured in urine, 
blood and, where available, cystic fluid samples from patients diagnosed with cancer, or having 
investigations for pancreatic cysts, to determine whether they can serve as markers for early pancreatic 
cancer. 

Background Information 

Pancreatic cancer (PaC) is relatively rare, with a reported crude incidence rate in the UK for 2016-2018 of 
15.8 per 100,000 population [1]. Despite this, it currently stands as the fifth leading cause of cancer death in 
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the UK. While a marked improvement in survival over time has been observed with other cancer types, the 
5-year survival rate for PaC remains fairly dismal at 5%, with only moderate improvement in over 40 years. 
Of particular note, progress is hampered by its remarkably high incidence-to-mortality rate. Figures from 
2016-2018 acknowledged an incidence of 10,500 newly diagnosed cases each year, which was almost 
matched by 9,600 deaths each year, for the same period [1]. 

The dismal prognosis associated with PaC can be largely attributed to the fact that disease-specific 
symptoms are rarely clinically apparent until the advanced stages of the disease [2] and consequently, of 
those patients with known stage at diagnosis, the majority (79%) present with stage III or IV disease [3]. At 
this point tumours have progressed beyond a stage where surgery is feasible, with almost half (46%) in 
England diagnosed after presenting as an emergency [4]. The most common type, pancreatic ductal 
adenocarcinoma (PDAC) is deemed resectable at the time of diagnosis in only 15-20% patients [2], and a 
margin-negative (R0) resection is achieved in only a small minority (less than 10%) [5]. 

For unresectable cancers, realistic therapy options are very limited, and can offer palliation only [6]. Systemic 
chemotherapy in this setting can only achieve a modest survival gain of 4-6 months. The best prospect for 
long-term survival is surgical resection followed by adjuvant chemotherapy, which extends median survival 
to 14-22 months, but still rarely offers a cure [5]. There has been some progress from the current standard of 
care of single-agent gemcitabine, with the introduction of new combination chemotherapy regimens, such 
as GEM-CAP [7], FOLFIRINOX [8] and nab-paclitaxel plus gemcitabine [9]. Although these have improved 
overall and progression-free survival, they also had a tendency to increase toxicity, and ultimately brought 
little long-term survival advantage. 

The key point is that patients diagnosed in time for surgery have a much more favourable prognosis and 
have a much improved chance of surviving beyond 5 years after diagnosis. Within a population of resectable 
PaC, 5-year survival has been reported to exceed 75% in a subset with well-differentiated stage I cancers of 
<1 cm [10].  It is therefore vital to develop an effective screening method that is capable of accurately 
detecting PaC in its early stages (preinvasive or early invasive), as this could potentially dramatically improve 
prognosis for PaC patients. For successful adoption, the ideal screening test should, with appropriately high 
sensitivity and specificity, detect tumours which are small (preferably T1N0M0 margin-negative PaC) and 
confined to the pancreas, as well as high-grade dysplastic precursor lesions (pancreatic intraepithelial 
neoplasias [PanINs], intraductal papillary mucinous neoplasms [IPMNs] and mucinous cystic neoplasms 
[MCNs] [11, 12], collectively recognised as cystic lesions of the pancreas with malignant potential. 

Recent advancements in imaging technology have led to the more frequent, often incidental detection of 
these cystic pancreatic lesions [13]. Indeed incidental pancreatic cysts are identified in approximately 1% of 
all patients undergoing cross-sectional imaging of the abdomen for unrelated indications [14]. However, 
while some lesions may indeed represent significant precursors of invasive adenocarcinoma, many of the 
small, asymptomatic lesions detected may in fact be completely benign or inconsequential. 

The vast majority of potentially malignant lesions are of the IPMN type, and exhibit varying degrees of 
dysplasia. They are typically seen to form in either the main pancreatic duct (“main duct type”; MD-IPMN) or 
in one of its side branches (“branch duct type”; BD-IPMN). The associated risk of malignancy is high for MD-
IPMNs (60-70%) and therefore the mainstay of treatment is surgical resection [15]. However the risk is 
generally much lower in BD-IPMNs (15-20%) [15, 16], and management of these lesions is more complicated; 
a large majority are found to be indolent at long-term follow-up, while the mean time interval for significant 
growth of these lesions is longer than two years [17]. Indeed one study found 77% of resected BD-IPMNs 
were benign, and another indicated only 4% of patients with BD-IPMN developed cancer after a 4-year 
surveillance period [16]. As such, observation alone may be adequate for a large proportion of these lesions 
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[16]. The surveillance approach carries costs, and also impacts on the psychological wellbeing of patients, 
who may be undergoing regular scans for what may ultimately prove to be a benign condition. 

In the context of curative surgery being a serious procedure with high levels of morbidity and complications 
(30-50%), and mortality between 2-4% [16, 18], one recognises the challenges of surgery for patients with 
benign lesions. Therefore the risks associated with surgery must be carefully weighed against the potential 
benefits of resecting these lesions. 

The key is to target all IPMNs displaying high-grade dysplasia or invasive cancer for surgical resection, but at 
the same time avoiding any unnecessary surgery and “overtreatment” of benign pancreatic cysts [16]. 
Despite the high sensitivity in detecting cystic lesions, the specificity unfortunately remains low, and current 
imaging modalities are unable to accurately differentiate between malignant, premalignant and benign cysts 
[18, 19], with insufficient predictive value to affirm resectability [20]. Current guidelines recommend larger 
lesions (>3 cm) that raise suspicion of malignancy should undergo diagnostic workup, often consisting of 
more invasive diagnostic procedures, which can impact on patient morbidity, as well as incur significant 
healthcare costs. Smaller lesions (<3 cm), which may be more difficult to characterise, often require 
continuous radiological follow-up at regular intervals; this prolonged uncertainty can result in considerable 
anxiety. 

For pancreatic cysts, the amount of fluid removed for diagnostic tests varies from 10 to 50 ml and is sent for 
various tests (amylase, carcinoembryonic antigen [CEA] and mucin). Even when these investigations are 
implemented, their diagnostic accuracy is suboptimal, leaving a number of patients with equivocal findings 
that then need close costly follow-up and repeat investigations upon suspicion of changing characteristics of 
the cystic lesion. 

Detecting PaC in its early stages will involve screening asymptomatic individuals. However, conventional 
population-based screening methods, as have been established, for example, for breast, cervical and bowel 
cancers, are not viable for PaC due to its comparatively low prevalence. Confirmative diagnosis of PaC is 
currently reliant upon costly and invasive procedures, such as endoscopic ultrasound (EUS) with fine needle 
aspiration (FNA), which would be impractical to implement as a general population screening method and 
itself carries a 2-6% risk of adverse events including pancreatitis and infection [21, 22]. Therefore, identifying 
early changes in easy to access tissue samples (such as urine and blood) would be a major breakthrough. 

Tissue Factor (TF) 

It has been established that localised pancreatic tumours are often characterised by high levels of tissue 
factor (TF) expression, which have been further correlated with histologic grade and poor prognosis [23-25], 
and are also predicted to contribute to the hypercoagulable state found in malignancy. This increased TF 
expression is also detectable in pancreatic precursor lesions (PanINs and IPMNs) [25], yet is absent from 
normal pancreas [23-25], confirming its appearance in early pancreatic neoplastic transformation. 

Furthermore, our own data indicates that positive TF expression in tumours of PaC patients can be 
significantly correlated with elevated circulating levels of TF-bearing microparticles (TF+MPs) [26], which are 
further associated with risk of mortality [27, 28]. Our own study [26], and an earlier study by Zwicker et al. 
[29] further showed that the levels of TF+MP in PaC patients are reduced following pancreatectomy.  

The presence of tissue factor (TF) in urine has been reported as a potential diagnostic marker for several 
cancers, including bladder, prostate, breast and colorectal cancers [30-32]. TF is synthesised initially as an 
unphosphorylated protein, but can subsequently undergo phosphorylation at two serine positions (Ser253 
and Ser258) [33, 34]. Phosphorylation of TF is critically involved in intracellular signal transduction pathways, 
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regulates TF procoagulant activity in vivo and has been implicated in cell migration, signalling and tumour 
metastasis [35]. We have been at the forefront of understanding the serine switches involved in the signal 
transduction of TF and how it is released in TF-bearing MP into the circulation [33, 34, 36, 37] and then into 
the urine. 

Adrenomedullin (AM)  

We and others have established the role of a multifunctional secreted peptide adrenomedullin (AM), 
encoded by ADM gene, in carcinogenesis through its contribution to tumour angiogenesis and metastatic 
spread [38-40]. The expression of ADM mRNA and AM protein is upregulated in PDAC tissues in comparison 
to normal pancreatic tissues [39, 41, 42].  In other studies, the 5 candidate gene (including ADM) list 
demonstrated significant power to predict patient survival in two distinct patient cohorts and was 
independent of AJCC TNM staging [43]. AM mediates its activities through binding to G-protein-coupled 
receptor (GPCR) calcitonin receptor like-receptor (CLR, encoded by the CALCRL gene) [44]. Our recent work 
suggests that CLR is up-regulated in invasive front in pancreatic cancer tissues (Nikitenko LL, unpublished). 
These findings warrant the need for exploring the potential for AM as a marker for detection of PaC at early 
stages of malignant transformation, including the analysis of its levels in pancreatic cysts. 

We recognise that this field is changing and there will be opportunity to study new promising protein 
markers on these rare and valuable samples; some of these targets may be generated by the platform based 
analyses. 

Genomic Analysis 

Next generation sequencing (NGS) is a state-of-the-art technology that has been successfully applied for the 
detection of different types of cancer using liquid biopsies [45]. NGS has been used on PaC cystic fluid, 
although the progress with early detection of this type of cancer has been limited by detection of alteration 
in know oncogenes and tumour suppressors [46-48]. NGS approaches include whole genome sequencing 
(WGS), a comprehensive method for analysing entire genomes. WGS has been successfully used for analysis 
of many cancer types, including PaC [49, 50]. However, to date WGS has not yet been applied for testing the 
feasibility of its use for cystic fluid to detect changes that would indicate early stages of development of PaC. 
This warrants the need for exploring WGS in our study for analysing entire genome using DNA obtained from 
pancreatic cystic fluid and comparing it to DNA derived from peripheral blood mononuclear cells (PBMCs) 
from the same patient, with a potential for identifying changes associated early stages of malignant 
transformation.    

Proteomic Analysis 

To our knowledge, the proteomic analysis of PaC samples has been extremely limited to date. In particular, 
research efforts have been focussed on identification of global protease activity, glycomic and proteomic 
profiling of a limited number of MCN and IPMN cystic fluid samples [51, 52]. Only one study was conducted 
to analyse proteome and phosphorylome in PaC on a limited number of tissue samples [53]. To our 
knowledge, the global scale proteomic analysis (including post-translational modifications, such as 
phosphorylation, oxidation, acetylation etc.) of pancreatic cystic fluid from suspected PaC patients has not 
yet been conducted. This warrants the need for exploring this (liquid chromatography-tandem mass 
spectrometry (LC-MS/MS) - based proteomic approach) platform technology for analysing entire proteome 
(unmodified and modified proteins) obtained from pancreatic cysts, with a potential for identifying changes 
associated early stages of malignant transformation. 



[Type here] 
 

 

300 
 

 

In summary, a non-invasive diagnostic biomarker test (or tests) that can detect the presence of early stage 
PaC would be invaluable and could allow targeting of patients when the disease is in its earliest and most 
treatable stages, but could also spare morbid surgery for patients that do not need it, thereby reducing the 
number, cost and associated morbidity of subsequent work-up procedures and surgery. 

The study is intended to test the accuracy of promising biomarkers, existing and those that may arise from 
platform technologies, in early PaC detection, gathering preliminary data to inform the design of a larger 
trial. Additionally, demonstration of the use of these assays in PaC will complement the already tested 
cancer types and may have relevance to other cancer types with indeterminate lesions. 

Pancreatic Stellate Cells 

The tumour stroma consists of extracellular matrix and also particularly, pancreatic stellate cells which exist 
as fibroblast-like cells [54]. The break-up of the tumour and release of cells into the bloodstream begins at 
the early stages of metastasis [55]. Consequently, the presence of the stellate cells in the bloodstream has 
been proposed as an early warning for metastatic processes, leading to poor prognosis. We propose that 
measuring the number of stellate cells in blood samples, could be an indicator of the disease spreading. 
Moreover, characterising the properties of the tumour-associated stellate cells by NGS, could produce an 
insight into the tumour environment and the state of the cancer cell functions. 

PancRISK Score for Urinary Biomarkers 

A panel of three genes (LYVE1, REG1A and TFF1) were identified as potential biomarkers for pancreatic 
cancer after being shown to be present in significantly higher concentrations in the urine of PDAC patients (n 
= 192) compared to healthy individuals (n = 87) [56]. The REG1A gene belongs to a family of REG 
(regenerating) glycoproteins which are expressed in pancreatic acinar cells and act as both autocrine and 
paracrine growth factors. REG1A was later substituted in the panel for REG1B which enhanced the 
performance of the panel to detect resectable PDAC [57]. TFF1 belongs to a family of gastrointestinal 
secretory peptides which interact with mucins and are expressed at increased levels during reconstitution 
and repair of mucosal injury. In PDAC, TFF1 has been reported in both sporadic [58, 59] and familial PanINs 
[60] and it has been associated with early stages (I and II) of the disease. LYVE1 (lymphatic vessel endothelial 
hyaluronan receptor) binds hyaluronan (HA), an extracellular matrix mucopolysaccharide, and transports it 
across the lymphatic vessel wall, particularly in the lymph nodes, a site of HA degradation. 

The PancRISK score was developed to utilise the biomarker panel within a risk stratification model for the 
earlier detection of PDAC [61]. PancRISK is a logistic regression model based on the 3 biomarkers, urine 
creatinine and age, which enables stratification of patients into those with ‘normal’ or ‘elevated’ risk for 
developing PDAC. In a study of the 590 urine specimens, 183 were from control individuals (control group) 
who had no known pancreatic conditions or malignancies or history of renal diseases at the time of 
collection, 208 were from patients with benign hepatobiliary diseases (benign group), and 199 were from 
PDAC patients [57]. Higher concentration of all 3 biomarkers were found in PDAC urine specimens at all 
stages (102 I–II and 97 III–IV), when compared with both benign and control samples though this difference 
was not found to be statistically significant in the earlier stages of PDAC. The main limitation of this study 
was that almost half of the PDAC cases (97) included were late-stage patients (Stage III – IV) owing to the 
difficulty of finding pancreatic cancer patients with early stage disease (Stage I – II). 

All 3 biomarkers have been reported as upregulated in PDAC precursor lesions (i.e., PanINs) and involved in 
cancer progression and metastasis. Therefore, testing the urine samples from patients with pancreatic cystic 
lesions in this study could i) further validate the use of the 3 biomarkers and the PancRISK score in 



[Type here] 
 

 

301 
 

 

differentiating risk of developing PDAC and ii) show that this method is a feasible, non-invasive way of 
determining prognosis in patients with precursor lesions. 

Aims and Objectives 

The primary aim of the study is to assess the accuracy of some existing protein markers (e.g., TF, AM) in the 
detection of early stages of pancreatic cancer. Patients with a known cancer diagnosis, compared to 
controls, will be used to determine whether a suitable cut-off for each assay can be found for accurate 
detection.  

 

Secondary aims: 

1. To ascertain whether the determined cut-off for each assay is effective in the classification of 
precancerous cystic lesions. 

2. To compare specificity, sensitivity and diagnostic accuracy of TF, AM and other protein markers as 
they arise to current conventional assays performed on cystic fluid (i.e. CEA, mucin, amylase). 

3. To assess the amount of fluid required for platform diagnostics (WGS and proteomics) and how 
many of the cysts are deemed suitable for this approach. 

4. To generate a list of promising markers by analysing the data from platform based technologies on 
cystic fluid from a suitable cohort of patients and consider which of these have potential as genetic and 
protein markers. 

5. To compare circulating levels of TF, AM and other protein markers as they arise from the platform 
technologies detected in serum from patients with cystic lesions to those in other groups (i.e. benign, early 
pancreatic, malignant). 

6. To compare the urinary profile of these markers in benign vs malignant pathology. 

7. To capture serial data of how many cysts come through the unit and how many of these cysts can be 
studied (to provide feasibility data to allow planning of later definitive study). 

8. To examine the cyclical feedback between cancer cells and associated pancreatic stellate cells (from 
blood samples and pancreatic cancer tissue). 

9. To analyse the urine samples from patients with pancreatic cystic lesions for three biomarkers 
(LYVE1, REG1B, and TFF1). 

Study Design 

This will be a prospective feasibility study based on the laboratory analysis of collected urine, blood and 
cystic fluid samples. Samples will be taken from 50 patients with pancreatic cysts on follow-up, 50 from 
localised (resectable and non-resectable) pancreatic cancers, and 80 age- and sex-matched control patients 
to include patients with benign hepatopancreatobiliary conditions (cholocystitis/chololethiasis/acute 
pancreatitis [non-resolving pseudocysts]) as well as normal controls. Samples for the index cases will be 
taken prior to commencement of any anti-cancer therapy. 

The control population will comprise 20 patients with acute pancreatitis that have non-resolving 
pseudocysts, 20 undergoing cholecystectomy for stones, 20 undergoing cholecystectomy for inflammation, 
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and 20 patients undergoing endoscopy for dyspepsia. The latter will be classified as “normal controls” and 
will not be derived from any of the other benign groups. 

Patients with cystic lesions: 

For patients who have highly suspicious cystic lesions, cystic fluid will be obtained through cystic drainage of 
the IPMN/MCN, and blood samples will be obtained prior to the procedure. The group will comprise patients 
with lesions where a smaller amount of fluid is taken for diagnostic purposes, and patients with lesions 
already identified as suspicious, which will be totally drained during surgery and sent for analysis to look at 
histology. 

Study Endpoints 

The ELISAs and platform technologies will provide measurements of the markers (e.g. TF,AM) concentrations 
in patient urine, serum/blood and cystic fluid samples. This will then be immediately linked to information 
on the pancreatic cancer diagnosis where it is known (i.e. cancer and control groups) and, for patients with 
pancreatic cysts, linked to information obtained following diagnostic work-up (and over the follow-up 
period), to determine the accuracy of these markers in the potential early detection of pancreatic cancer 
within the Hull University Teaching Hospitals NHS Trust (HUTH) pancreatic cancer population. 

Subject Selection 

Patients will be recruited into 3 groups. A group of pancreatic cancer patients will be selected from those 
diagnosed with localised pancreatic cancer, including both those undergoing successful resection, and those 
undergoing biopsy only (localised, but radiologically inoperable) or where resection was attempted. A 
control group will be formed from age- and sex-matched patients receiving hepatobiliary surgery or 
endoscopic intervention (ERCP, PTCA, instrumentation of the biliary tree, endoscopic cystogastrostomy for 
pancreatic pseudocyst) for benign inflammatory conditions. A third group of patients will be derived from 
those with suspected pancreatic cancer who are undergoing follow-up for pancreatic cystic lesions. HUTH 
provides an EUS service that at this point investigates about 40 such cystic lesions annually with paracentesis 
and has a significant number of cystic lesions under close follow-up. 

Inclusion and Exclusion Criteria 

Inclusion Criteria (General) 

• Capable of giving written informed consent 

• Age ≥18 years 

Exclusion Criteria (General) 

• Inability to provide written informed consent 

• Other known malignant condition, either active or in complete remission ≤5 years 

• HIV, hepatitis C, or any other known communicable disease 

Inclusion Criteria (Pancreatic Cancer Cohort) 

• Diagnosed with localised pancreatic cancer amenable to resection (distal pancreatectomy, total 

pancreatectomy or Whipple’s procedure). 
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OR 

• Diagnosed with inoperable localised pancreatic cancer and referred for further management 

(malignant control subgroup). 

Inclusion Criteria (Pancreatic Cysts Cohort) 

• Presence of cystic lesions where MDT have agreed further diagnostic intervention procedures 

(including FNA/EUS) necessary. 

OR 

• Patient the MDT have agreed have resectable lesions suspicious for pancreatic malignancy and going 

to surgery. 

Inclusion Criteria (Benign Cohort) 

• Referral for endoscopic cystogastrostomy for complicated acute pancreatitis characterised by 

peripancreatic fluid collections and pseudocysts in development or matured (non-resolving and 

requiring further intervention). 

OR 

• Referral for cholecystectomy for cholocystitis/chololethiasis. 

OR 

• Patient planned to have endoscopy investigation for dyspepsia (normal control subgroup). 

Subject Recruitment 

Potential participants will be identified through the pancreatic multidisciplinary team (MDT) meetings or 
outpatient clinic. Once eligibility has been confirmed, they will be approached by a member of the research 
team. For those patients with cystic lesions, specialist time will include discussion of the study in their 
consultation relating to either further treatment plans (for patients who go to surgery) or further diagnostic 
plans (for patients who need further diagnostic investigation of cysts). All potential participants will be 
provided with a copy of the patient information leaflet outlining the purpose and exact nature of the study. 
This will give them ample time to consider and discuss their participation with family/friends/their GP, etc., 
and to contact the research team if necessary with any questions that may arise, to ensure they are fully 
informed on the conduct of the study.  

The majority of patients with resectable pancreatic cancer will be inpatients and therefore will be 
approached by a member of the research team on the hospital ward. They will be given at least 24 hours to 
consider participation before consent is taken by the designated research nurse in accordance with Good 
Clinical Practice (GCP). Samples will be taken at the same time as phlebotomy for regular investigations. 

Patients with non-resectable pancreatic cancer will be approached at their scheduled outpatient clinic 
appointment. For interested participants, consent will be taken at their pre-assessment appointment at the 
nurse-led chemotherapy clinic 1-2 weeks after the initial consultation. Blood and urine samples will be taken 
at the same time as their first bloods before commencing chemotherapy. Pancreatic tumour tissue will be 
taken as surplus to the patients’ resected or biopsied tumour sample during the patients scheduled surgical 
procedure, study samples will be taken ‘on table’. 
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Patients with complicated acute pancreatitis have a repeat CT scan at 6-8 weeks to determine whether the 
pseudocyst has resolved. Control patients with non-resolving pseudocysts will be approached with 
information about the study at their first clinic appointment after the repeat CT scan. Consent and study 
samples will be taken when they attend the EUS suite for endoscopic cystogastrostomy. 

Control patients due to have cholecystectomy will be initially contacted by telephone with information about 
the study at least 1 week before they attend for their pre-assessment appointment. Consent will be taken by 
the designated research nurse at the pre-assessment appointment, and blood samples will be taken at the 
same time as pre-assessment bloods. Patients will be provided with a urine sample bottle at this 
appointment and asked to bring a urine sample when they attend for cholecystectomy. 

Control patients with dyspepsia will initially be approached by a member of the research team during an 
appointment at the EUS suite for endoscopy. Consent will be taken by the designated research nurse at the 
follow up consultation in the gastric clinic 1-2 weeks after their endoscopy. Blood samples will be taken at 
the same time as scheduled follow-up bloods and patients will be asked to provide a urine sample at this 
appointment. 

Patients with pancreatic cysts will initially be approached by a member of the research team during the 
consultation in which they are informed they need to have the cyst aspirated. Consent and study samples 
will then be taken either when they attend the EUS suite for the endoscopy procedure, which is generally 2-4 
weeks later, or for cases who go directly to surgery, consent will be taken on the day of their scheduled 
appointment, and study samples will be taken ‘on table’.  

Pancreatic cyst patients that have already been recruited to the study will be re-consented by the study 
research nurse by telephone or by post, provided with the most up-to-date version of the patient 
information leaflet, and, if they provide consent to do so, an additional ‘buffy coat’ blood sample and a 
whole-blood sample will be taken at a scheduled clinic appointment. Due to the COVID-19 pandemic it is 
irresponsible to ask patients to attend the hospital to provide these blood samples if they do not have a 
scheduled appointment, thus samples will not be taken from these patients in this instance. 

Retrospective samples from pancreatic cyst patients who provided their consent to participate in the TEM-
PAC study and either 1) died before the TEM-PAC substantial amendment 002 (dated 15.01.21) was 
approved, or 2) died before they were able to be re-consented for WGS analysis, will be analysed via WGS 
without the participant’s specific consent. 

Patients from all patient cohorts that have already been recruited to the study will be re-consented by the 
study research nurse by telephone or by post, provided with the most up-to-date version of the patient 
information leaflet, and, if they provide consent, will have their already collected sample sent to Queen 
Mary University of London (QMUL) for laboratory analysis.  

Retrospective urine samples from all patient cohorts from patients who provided their consent to participate 
in the TEM-PAC study and died before the TEM-PAC substantial amendment 005 (dated 12.10.22) was 
approved will be analysed by the laboratory at QMUL without the participant’s specific consent. 

All patients approached have the right to refuse participation without giving reasons, and without detriment 
to their subsequent treatment. Those patients still interested in participating in the study will then be 
provided with an informed consent form to sign to indicate their willingness to participate and to permit 
their enrolment in the study. Informed consent must be obtained from every patient prior to participation in 
the study. 
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Subject Follow-Up 

Patients with pancreatic cysts but no confirmed cancer will be followed up for a period of 3 years to check 
for any subsequent diagnoses that may have been missed or occurred since the original diagnostic workup. 
This is based on current MRI recommendations where repeat imaging is performed at 2-3 years. Any results 
will be obtained through reference to patients’ medical records only. 

Withdrawal of Subjects 

Patients have the right to withdraw from the study at any time without giving reason, and without this 
decision jeopardising their future care. Their reasons for withdrawal should be detailed on the relevant CRF 
where possible. 

Safety Reporting 

Patient participation will consist of the provision of a urine and serum sample for pancreatic cancer and 
benign patients, and also of a cystic fluid sample and whole blood sample for those with pancreatic lesions. 
The urine sample can be obtained non-invasively, while the blood samples will be obtained at the same time 
as routinely collected blood samples. The cystic fluid sample will be taken as excess from the surplus fluid 
remaining following a routine procedure, and therefore will not require any additional intervention. 

Therefore we anticipate no safety-related issues during the conduct of the study and no adverse event data 
will be collected. 

Samples 

Urine samples: for each sample, about 40 ml will be collected in a clearly labelled container tube with no 
preservatives. Urine samples will be aliquoted equally into two fresh sterile bottles. All urine samples will be 
stored at -80°C prior to shipping. Samples (20 ml) will be transported on dry ice to a laboratory at the 
University of Hull and stored in a locked -80°C freezer prior to batch analysis. Samples (20 ml) will be 
transported on dry ice to a laboratory at the Centre for Cancer Biomarkers and Biotherapeutics, Barts Cancer 
Institute, Queen Mary University of London, London, UK. 

Serum samples: 10 ml (2x yellow-top tubes) blood will be collected per patient. Samples will be centrifuged 
to separate out the serum fraction, prior to storage in a -80°C freezer. They will then be transported in 
batches to the University of Hull laboratory, where they will be stored in a locked -80°C freezer prior to batch 
analysis. 

Buffy coat blood samples: 10 ml (2x purple-top EDTA tubes) blood will be collected per pancreatic cyst 
patient. Samples will be stored in a -80°C freezer. They will then be transported in batches to the University 
of Hull laboratory where they will be stored in a locked -80°C freezer prior to batch analysis. These samples 
will be collected only from pancreatic cyst patients that consent to genetic testing. 

Whole-blood samples: 10 ml (2x purple-top EDTA tubes) blood will be collected per patient. Samples will be 
stored in a -80°C freezer. They will then be transported in batches to the University of Hull laboratory where 
they will be stored in a locked -80°C freezer prior to batch analysis. These samples will be collected only from 
pancreatic cyst patients that consent to genetic testing. 

Pancreatic tumour tissue samples: If it is deemed that there is a sufficient surplus of tumour tissue available 
for research purposes by the pathologist, then a tissue sample will be collected from the Pathology 
Department after the pancreatic cancer patients’ surgical procedure. The tissue will be snap-frozen and 
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stored in a -80°C freezer. They will then be transported in batches to the University of Hull laboratory where 
they will be stored in a locked -80°C freezer prior to analysis. 

Cystic fluid samples: The top third of drained cystic fluid will be collected. The majority of cysts will have a 
volume of 30 cm3 or more, but there may also be smaller cysts with solid elements of concern. Cysts are 
expected to generate between 3 to 10 ml fluid for research purposes, which will be collected in a sterile 
tube. The cystic fluid samples will be stored at -80°C. They will then similarly be transported in batches to the 
University of Hull laboratory and stored in a locked -80°C freezer prior to batch analysis.  

For genomic analysis, DNA will be extracted and subsequently tested by Novogene Company Limited, 25 
Cambridge Science Park, Milton Road, Cambridge, UK. 

For proteomic analysis, samples will be prepared at the University of Hull and then analysed by Target 
Discovery Institute, Nuffield Department of Medicine, Roosevelt Drive, University of Oxford, Oxford OX3 FZ, 
UK. 

The University of Hull will be responsible for sending samples to Novogene and the Target Discovery 
Institute. On receipt, all samples will be stored at -80°C until required for analysis. All samples will be 
analysed anonymously. 

Data Collection 

All samples will be coded with a unique identifier prior to transport to the respective laboratories. Samples 
will be numbered consecutively, starting CHH 001, CHH 002, CHH 003, etc. Laboratory researchers will 
therefore by blinded to the nature of all samples received. All data reported will therefore be anonymous, 
identified by study number only. 

Source Data 

As a minimum, the following information will be recorded in patients’ case notes for study visits or 
telephone contacts: 

• Clearly written date of visit or contact, brief study title/acronym and visit number 

• Date patient given patient information leaflet 

• Date consent form signed 

• Date of screening 

• Medical history, concomitant diseases and medication 

Case Report Forms 

The following data will be collected on a Case Report Form (CRF) for each patient: 

• Study identification number 

For patients with cystic lesions only: 

• Type of cyst 

• Volume of fluid removed 

• Final histological diagnosis and stage 
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Protocol Deviations/Serious Breaches 

All deviations from the protocol or GCP will be recorded by investigators on the Protocol Deviation Form for 
the study available from HUTH R&D. A serious breach is likely to affect to a significant degree either the 
safety or physical or mental integrity of a study subject or the scientific value of the study. Major deviations 
or serious breaches will be reported by investigators to HUTH R&D by telephone (tel. 01482 461883) or in 
person within 24 hours of the deviation or breach being identified. HUTH R&D will notify the REC within 7 
days of becoming aware of a serious breach. Investigators will take into account all protocol deviations and 
any serious breaches in the final study analysis and publication. 

End of trial 

The end of the study is the date of the last follow-up assessment of the last patient enrolled on the study. 

An end of study declaration form (using the NRES form) will be submitted to the REC and HUTH R&D within 
90 days from completion of the study and within 15 days if the study is discontinued prematurely. A 
summary of the study report/publication will be submitted to the REC and HUTH R&D within 1 year of the 
end of the study. 

Sample size calculation 

This is a feasibility study and therefore no formal power calculation has been performed. 

Statistical analysis 

Baseline clinical and demographic characteristics of the 50 pancreatic cancer patients and 80 benign control 
patients will be described and summarised. For potential markers of early pancreatic cancer (e.g., TF and 
AM) from urine and serum samples, the sensitivity, specificity, negative predictive value (NPV) and positive 
predictive value (PPV) of biomarkers will be calculated with different cut-off levels. The receiver operating 
characteristics (ROC) curves will be plotted with calculated areas under the curve (AUC). The optimal cut-off 
levels will be determined as the one maximising the value of the sum of sensitivity and specificity. 

For the 50 pancreatic cyst patients, baseline clinical and demographic characteristics will also be described 
and summarised. ELISAs will measure the concentration of markers in patients’ cystic fluid. With the usual 
pathological diagnosis (radiological features plus conventional markers) as the benchmark, at the end of 
three years follow-up, we will analyse the sensitivity, specificity, NPV and PPV of these markers with 
different cut-off levels. The ROC curves will be plotted with calculated AUC. The optimal cut-off levels will be 
determined as the one maximising the value of the sum of sensitivity and specificity. The markers in urine 
and serum samples will also be collected and analysed for comparisons. 

For genomic data, the first steps of bioinformatics analysis will be conducted by the service provider 
(Novogene, Cambridge) and the rest will be done at the University of Hull using the High Performance 
Computer VIPER. Professor David Chang at the University of Glasgow, Glasgow will advise on the analysis of 
the data. 

For proteomic analysis data, the first steps of bioinformatics analysis will be conducted by collaborators 
(Target Discovery Institute, Oxford ) and the rest will be done at the University of Hull using the High 
Performance Computer VIPER. 

Feasibility features of this study, such as the consent rate, retention rate, analysable rate (how many cysts 
come through the unit and how many of these cysts can be studied), will also be calculated for future 
definitive trial consideration. 
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Monitoring 

The study may be monitored in accordance with HUTH R&D department’s standard operating procedures to 
ensure compliance with the International Conference for Harmonisation of Good Clinical Practice (ICH GCP) 
and the Research Governance Framework 2005. All study-related documents will be made available upon 
request for monitoring by R&D monitors. 

Ethical considerations 

The patient samples required in this study are either surplus from routine samples already indicated (i.e. 
cystic fluid, tumour tissue), will be obtained at the same time as other routine tests (i.e. blood) or can be 
obtained easily and non-invasively (i.e. urine). Therefore the risks to patients will be minimal, and patient 
inconvenience can be avoided. 

To ensure anonymity, all patients enrolled in the study will be allocated a unique patient identifier which will 
serve as the coding number for data collection, the CRF form and all samples, and also for the reporting of 
any results. A code sheet linking the patient to their code number will be held in a locked filing cabinet in the 
Queen’s Centre for Oncology and Haematology Trials Office at Castle Hill Hospital, Hull. Only authorised 
members of the study team will have access to this information, and the researchers performing the 
laboratory analysis will be blinded to it. 

Study Approvals 

The study will be performed subject to Research Ethics Committee (REC) favourable opinion, Health 
Research Authority (HRA) approval, and confirmation of local HUTH R&D capacity and capability. In the event 
that a protocol amendment needs to be made that requires REC and HRA approval, the changes in the 
protocol will not be implemented until the amendment and revised study documentation have been 
reviewed and receive a favourable opinion/approval. 

Research Governance 

The study will be conducted in accordance with the ICH GCP guidelines and the Research Governance 
Framework for Health and Social Care. 

Data handling and record keeping 

All data will be stored on password-protected NHS computers, with user-restricted access and in adherence 
to the Trust Information Governance Policy. 

Transfer of any data between the University of Hull or a commercial institution or the University of Glasgow 
and members of the research team at Castle Hill Hospital will be in an encrypted format over a secure 
network. 

IT Services Department has a backup procedure approved by auditors for disaster recovery. Servers are 
backed up to disk media each night. The disks run on a 4 week cycle. Files stay on the server unless deleted 
by accident or deliberately. Anything deleted more than 4 weeks previously is therefore lost. Additional 
‘archive’ backups are taken for archived data, so data should not be lost from this type of system e.g. 
FileVision which stores Medical Records. Disks are stored in a fireproof safe. 

Study documents (paper and electronic) will be retained in a secure location during and after the trial has 
finished. All essential documents including source documents will be retained for a period of 5 years after 
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study completion. A sticker stating the date after which the documents can be destroyed will be placed on 
the inside front cover of the case notes of the study participants. 

Data will be collected and retained in accordance with the Data Protection Act 2018 and the General Data 
Protection Regulation (GDPR). 

Access to Source Data 

Patient information is confidential and will only be disclosed to third parties as permitted by the informed 
consent form. Direct access to the source data and study documents will be made available by the Chief 
Investigator to authorised representatives from the Sponsor, host institution and regulatory inspection 
authorities if requested to permit monitoring, audits and/or review by the REC as appropriate. 

Annual progress report 

An annual progress report will be submitted to the main REC 12 months following HUTH Trust approval and 
thereafter until the end of the study. 

Indemnity 

This is an NHS-sponsored research study. If there is negligent harm during the study when the NHS body 
owes a duty of care to the person harmed, NHS indemnity covers NHS staff and medical academic staff with 
honorary contracts only when the trial has been approved by HUTH R&D department. NHS indemnity does 
not offer no-fault compensation and is unable to agree in advance to pay compensation for non-negligent 
harm. 

Ownership 

Patient-related data will remain within HUTH, where the analysis with patient diagnosis will be undertaken. 

Reporting and Dissemination 

The results of the study will be analysed as soon as possible after the completion of the study, and will be 
submitted for publication in a peer-reviewed journal, and presented at national and international 
conferences where possible. 
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