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i. Summary 
 

 

Gastroesophageal junction adenocarcinomas (GEJA) have increased in incidence in the 

Western world over the last 50 years, a trend largely attributed to lifestyle factors 

including obesity and gastroesophageal reflux disease. Their prognosis is poor, and 

treatment is often complicated by resistance to conventional anti-cancer therapies. 

Current drug therapies and management strategies used in GEJA have been largely 

inferred from studies looking at gastric and oesophageal adenocarcinomas, however, a 

growing school of thought exists which believes that GEJAs have a distinct molecular 

profile. Investigation of the molecular biology of these tumours may therefore provide 

us with a novel target for drug therapies, in addition to potential prognostic biomarkers 

for use in the clinical setting. 

Cancer stem cells (CSC) have been extensively investigated across a range of solid 

organ and haematological malignancies due to their known role in tumorigenesis, 

invasion, metastasis and drug resistance, yet little is known about their role in GEJA. 

This thesis investigates the presence of CSC-like cells in GEJA by analysis of the 

expression patterns of mRNAs, miRNAs and proteins which have previously been 

described as CSC markers. Molecular markers of EMT were additionally investigated 

using the same techniques due to the known role of EMT in the regulation of CSCs. 

This expression data was analysed to seek a significant molecular expression pattern 

that may be of use in identification, prognostication and/or treatment of aggressive 

disease.  

Chapter 1 presents a background on GEJA, with particular emphasis on advances in 

tumour classification and drug therapies currently used in the treatment of this disease. 
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Chapter 2 describes the lab techniques used throughout this work, including quantitative 

real time PCR and immunohistochemical analysis of tissue microarrays. Chapter 3 

presents the expression data for each mRNA, miRNA and protein analysed in this study 

and correlates each individual marker with patient-specific clinical outcomes. Chapter 4 

describes the clinical utility of a predictive model based upon the combined expression 

data from the previous chapter. This chapter additionally interrogates the mRNA and 

miRNA expression data to determine the signalling pathways involved in the regulation 

of CSC-like cells in GEJA. Finally, chapter 5 discusses the significance of these 

findings in the context of the current literature.   
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Chapter One: Introduction 
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1.1 Gastroesophageal Junction Adenocarcinoma 

1.1.1 Introduction  

Gastroesophageal junction adenocarcinomas (GEJA) are cancers which straddle the 

junction between the oesophagus and stomach, sharing similar epidemiological 

characteristics and risk factors to oesophageal adenocarcinoma (OAC) (Bray et al., 2018). 

The incidence of GEJA has dramatically increased by approximately 600% since the 

1970s (Rubenstein & Shaheen, 2015). The Irish 5 year survival rate is 22.6%, which is 

on par with the international rate of 19.9%, however the prognosis remains poor 

irrespective of geographic region (NCRI, 2019; SEER, 2019). Despite early advances in 

treatment modalities, rates of disease recurrence and resistance to anti-cancer therapies 

remain high (Brungs et al., 2019). Extensive research into the biological nature of GEJA 

is required to improve both therapeutic options and survival rates. 

 

1.1.2 Epidemiology 

Oesophageal and proximal gastric cancers are malignancies with a poor prognosis, 

regardless of histologic subtype, accounting for combined global deaths in excess of 1.2 

million in 2018 (Ferlay et al., 2019). Gastroesophageal junction (GEJ) cancers are those 

which involve the lower oesophagus, proximal stomach and the junction between the 

two. This junction is defined histologically as the transition point between stratified 

oesophageal squamous epithelium and columnar gastric epithelium. The two primary 

GEJ cancer subtypes are adenocarcinoma and squamous cell carcinoma (SCC), with stark 

contrast between the two in terms of aetiology and geographic distribution. SCC accounts 

for 90% of oesophageal cancers worldwide, with major risk factors including alcohol and 
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tobacco smoking (Smyth et al., 2017; Trivers, Sabatino, & Stewart, 2008). It is 

predominantly observed in lower income countries including parts of Asia and Sub-

Saharan Africa (Smyth et al., 2017). By comparison, adenocarcinomas represent the 

majority of GEJ malignancies in industrialized countries centred in Northwest Europe 

and North America (Batool, Khan, Akbar, & Ashraf, 2019; Bray et al., 2018; Buas & 

Vaughan, 2013; Kumamoto et al., 2019; Rubenstein & Shaheen, 2015) (Figure 1.1).  
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Figure 1.1: Global Age Standardized Incidence Rate (ASR) of OAC versus Oesophageal 

Squamous Cell Carcinoma (SCC) in 2012.  

Image A shows the distribution of OAC (labelled as AC in this diagram), predominantly 

centred in Western countries. Image B shows the different geographic distribution 

patterns of oesophageal SCC, most densely located in Asia and parts of Sub-Saharan 

Africa. Figure taken from Arnold et al, 2012 (Arnold, Soerjomataram, Ferlay, & Forman, 

2015).  
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The incidence of GEJA has markedly increased over the last 50 years. Whilst this trend 

is mirrored by a decrease in rates of distal gastric cancer – a trend which is predominantly 

attributable to recent improvements in treatment of Helicobacter pylori infection – distal 

gastric cancer nevertheless remains more prevalent than GEJA worldwide (Battaglin, 

Naseem, Puccini, & Lenz, 2018; Rawla & Barsouk, 2019). The epidemiological shift 

seen in GEJA can be partially accounted for by aspects of the Western lifestyle including 

diet, obesity, smoking and gastro-oesophageal reflux disease (GORD) (Buas & Vaughan, 

2013). However, despite these known associations, the precise cause of the rise of GEJA 

remains unclear. Whilst traditionally GEJA has been subdivided into cancers of either 

gastric or oesophageal origin, many now believe that malignancies of the GEJ are best 

regarded as a separate disease entity (Hayakawa, Sethi, Sepulveda, Bass, & Wang, 2016). 

Much of our current knowledge about GEJA is inferred from studies conducted on 

oesophageal and gastric adenocarcinomas, highlighting the need for further research into 

the epidemiology, management, molecular biology and prognosis of these tumours as a 

distinct entity. 

 

1.1.3 Risk Factors 
 

There are many known risk factors for OAC and GEJA in addition to the lifestyle 

influences previously mentioned. These include male sex, advancing age and Caucasian 

ethnicity (Buas & Vaughan, 2013; Schneider & Corley, 2017) (Figure 1.2).  
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Figure 1.2: Risk Factors for Gastroesophageal Junction Adenocarcinoma.  

The primary risk factors for OAC and thus GEJA are male gender, advancing age, 

Caucasian race, GORD (labelled as GERD in this diagram), smoking and obesity. 

Obesity acts both mechanically, by increasing rates of GORD, and hormonally through 

alterations in circulating adipokines. Infection with H pylori exerts a protective effect 

against development of both Barrett’s Oesophagus (BO) and OAC/GEJA. Image taken 

from Rubenstein et al, 2015 (Rubenstein & Shaheen, 2015). 
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Infection with H pylori is the strongest known risk factor for diffuse and intestinal type 

distal gastric adenocarcinoma, yet an inverse relationship has been demonstrated between 

H pylori infection and rates of gastric cardia adenocarcinoma and OAC (Islami & 

Kamangar, 2008; Kamangar et al., 2006). This is thought to be attributable to one of two 

main processes: decreased acid secretion, leading to reduced GORD symptoms and 

oesophagitis; or the proposed ability of refluxed H pylori DNA to dampen the IL-12 

mediated inflammatory response associated with progression from GORD to Barrett’s 

Oesophagus (BO) (Luther et al., 2011; Moons et al., 2008; Rubenstein & Shaheen, 2015). 

BO is a condition characterised by metaplastic change of damaged oesophageal 

squamous cells to intestinal-type mucous secreting columnar cells – a process known as 

intestinal metaplasia (IM) (Spechler & Souza, 2014) (Figure 1.3). 
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Figure 1.3: Diagnostic Features of Barrett’s Oesophagus. 

The diagnosis of BO is based on both endoscopic and histologic appearances. At 

endoscopy, tongues of salmon coloured gastric columnar mucosa extend above the 

gastroesophageal junction (dashed white line) and into the lower oesophagus. Biopsy 

specimens are taken to confirm this diagnosis. The biopsy from the area represented by 

the upper white dot demonstrates the junction between oesophageal stratified squamous 

epithelium and adjacent IM, confirming a diagnosis of BO. The biopsy from area 

represented by the lower white dot demonstrates junctional mucosa without IM, which 

indicates that IM may not be uniformly distributed throughout the entire columnar lined 

oesophagus. Image taken from Spechler et al, 2014 (Spechler & Souza, 2014).  
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GORD is recognised as the most important risk factor for development of 

adenocarcinoma of the lower oesophagus and GEJA. GORD and OAC were first linked 

to each other in 1995 by Chow et al (Chow et al., 1995); 4 years later Lagergren et al 

substantiated these findings through a population-based case-control study, which 

demonstrated an eight fold increased risk of OAC in patients with recurrent GORD 

symptoms compared to those without symptoms (Lagergren, Bergstrom, Lindgren, & 

Nyren, 1999). BO may develop in the setting of longstanding GORD with chronic 

oesophagitis and is the only known precursor to OAC and GEJA (Peters et al., 2019). 

The presence of IM is associated with an increased risk of dysplasia, with the attendant 

risk of subsequent malignant change.  

Non-dysplastic BO progresses to OAC at an estimated rate of 0.12-0.6% per year 

(Rubenstein & Shaheen, 2015), thus it is recommended that all patients with known BO 

undergo regular endoscopic screening. Unfortunately, this is complicated by difficulties 

in the clinical detection of BO: due to its asymptomatic nature the true prevalence is 

unknown, with a best estimate of 5.6% produced through interrogation of the US 

Surveillance Epidemiology and End Results (SEER) data in 2010 (Hayeck, Kong, 

Spechler, Gazelle, & Hur, 2010). Blanket screening of all patients with GORD symptoms 

for BO would be inappropriate as most patients with GORD never develop OAC 

(Rubenstein & Shaheen, 2015; Runge, Abrams, & Shaheen, 2015). Interestingly, the 

pathogenesis of OAC and intestinal type adenocarcinoma of the gastric cardia both arise 

in the setting of IM, indicating a potential shared pathway between the two anatomical 

locations. This pathological link is further supported by genetic analysis studies, which 

suggest that metaplastic cells in BO originate not from squamous progenitor cells, but 

rather from gastric cardia progenitor cells that have migrated to the lower oesophagus 
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(Paulson et al., 2006; Quante et al., 2012). These findings further support treating GEJA 

as an individual entity.  

 

1.1.4 Classification 

The rising incidence of GEJA has led to a need for more effective treatment strategies. A 

unique range of challenges are encountered in the setting of locally advanced GEJA 

amenable to curative surgical excision. These tumours straddle the anatomical boundary 

between the distal oesophagus and the proximal stomach, thus they have generally been 

treated as either gastric or oesophageal tumours in both clinical and trial settings, rather 

than as a distinct entity (Lin et al., 2019). There has been much debate as to whether GEJ 

tumours should be considered to be of gastric or oesophageal origin (Curtis et al., 2014; 

Ustaalioglu et al., 2017; Zanoni et al., 2018).  

First described in 1996, the Siewert scoring system is still used clinically to classify 

tumours of the GEJ, defining tumours by the location of their epicentre in relation to the 

gastric cardia: the epicentre of Siewert I tumours are 1-5cm above; Siewert II tumour 

epicentres lie between 1 cm above and 2 cm below, and the epicentre of Siewert III 

tumours lies 2-5 cm below the gastric cardia (Siewert & Stein, 1998) (Figure 1.4). Despite 

its proven clinical utility, this classification system has some limitations. The presence of 

BO and hiatus hernias can create difficulties for the endoscopist and pathologist in 

delineating anatomical landmarks, leading to potential for mis-classification (Curtis et 

al., 2014). Clinical identification of the tumour epicentre has been further complicated 

since the advent of neoadjuvant treatment (NAT) for locally advanced cancer due to a 

marked variability in tumour response (Rice, Patil, & Blackstone, 2017). As surgical 

management of GEJ tumours is heavily influenced by Siewert grouping, erroneous 

classification can lead to inappropriate surgical approaches, lymph node dissections and 
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can increase the risk of R1 resections, as characterised by microscopic evidence of 

residual tumour (Amenabar, Hoppo, & Jobe, 2013; Hermanek & Wittekind, 1994).  

Pathological classification and staging of GEJ tumours are based on the TNM 

classification system. Whilst the 7th edition of the TNM staged all GEJ tumours as 

oesophageal cancers, the 8th edition was revised to treat Siewert III tumours as gastric 

cancers similar to the original definition (Rice et al., 2017; Zanoni et al., 2018). Despite 

this, it is believed that tumours of the GEJ may in fact have a distinct genetic signature, 

which could facilitate more accurate classification through a ‘cell of origin’ model in the 

future (Abdi, Latifi-Navid, Zahri, Yazdanbod, & Pourfarzi, 2019; Lin et al., 2019; Rice 

et al., 2017). Recent genetic profiling studies conducted by The Cancer Genome Atlas 

Research Network demonstrated genetic similarities between chromosomal unstable 

subtype (CIN) gastric cardia adenocarcinomas (Siewert III) and oesophageal 

adenocarcinoma of the GEJ (Siewert I-II) (Bass, 2014; J. Kim, Bowlby, R., Mungall, A. 

et al., 2017), which further supports the hypothesis that GEJAs are a separate disease 

entity. 
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Figure 1.4: Diagram of Siewert Classification.  

Siewert’s classification divides GEJ tumours based on the location of their epicentre in 

relation to the gastric cardia (AC = anatomical cardia). Type I tumours have an epicentre 

1-5 cm above the AC; type II tumours have an epicentre between 1 cm above and 2 cm 

below the AC; type III tumour epicentres lie 2-5 cm below the AC. Image taken from 

Ulla et al, 2010 (Ulla et al., 2010). 
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1.1.5 Treatment Options 

Treatment options for GEJA depend on the disease stage at diagnosis. Locally advanced 

non-metastatic GEJA is treated with a multimodal approach, usually a combination of 

surgical resection with neoadjuvant, perioperative and/or adjuvant chemotherapy, with 

or without concomitant radiotherapy (Lin et al., 2019). In early stage (Tis, T1a) disease, 

minimally invasive approaches using endoscopic mucosal or submucosal resections may 

be possible. There remains great debate regarding the best surgical approach for frankly 

invasive junctional tumours however. The risk of an incomplete (R1-2) resection 

increases if an inappropriate surgical procedure is chosen, thus accurate pre-operative 

anatomical delineation is imperative. Indeed, a retrospective study of 1062 patients who 

underwent surgical excision of GEJ tumours showed a 5 year survival rate of 43.2% in 

those with negative margins (R0), compared to 11% for those with margins positive for 

residual tumour (R1-2) (Feith, Stein, & Siewert, 2006; Hermanek & Wittekind, 1994). 

Whilst consensus is usually met on performing an oesophagectomy for Siewert I tumours 

and total gastrectomy for Siewert III tumours, surgical management remains 

controversial for Siewert II tumours (Chevallay et al., 2018). Studies have demonstrated 

no oncological benefit of oesophagectomy versus total gastrectomy in this patient 

population (Blank et al., 2018; Haverkamp, Ruurda, van Leeuwen, Siersema, & van 

Hillegersberg, 2014), thus the surgical approach chosen varies depending on patient 

factors and individual surgeon preferences.  

Surgical excision alone has unacceptably high rates of treatment failure; therefore, most 

patients also receive additional neoadjuvant or perioperative therapy. Several trial studies 

have examined these treatment options in lower oesophageal and gastric cancers, from 

which data relating to GEJ tumours has been extrapolated. The neoadjuvant CROSS 

regimen (Carboplatin and Paclitaxel with concomitant radiotherapy) showed a median 
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survival of 49.4 months when combined with surgery, compared to a 24 month median 

survival with surgery alone (van Hagen et al., 2012). Perioperative chemotherapy 

regimens MAGIC (Epirubicin, Cisplatin, and infused Fluorouracil), ACCORD (Cisplatin 

and Fluorouracil) and FLOT (5-Fluorouracil, Leucovorin, Oxaliplatin and Docetaxel) all 

showed an improvement in survival outcomes (Al-Batran et al., 2019; Cunningham et al., 

2006; Ychou et al., 2011) (Table 1.1). The FLOT trial additionally demonstrated an 

advantage of using Docetaxel based therapies over the regimens used in MAGIC and 

ACCORD trials (ECF/ECX). However, despite the proven survival benefit in these large-

scale trials, rates of complete pathologic response (CPR) remain poor: despite its 

superiority, the FLOT regimen only produced CPR rates of 15-30% (Al-Batran et al., 

2016). 
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Table 1.1 Summary of Different Trial Outcomes. 

Study Name Intervention Survival Data 

CROSS 

(van Hagen et 

al., 2012) 

Preoperative 

chemoradiotherapy 

Median OS 49.4 months vs. 24 months 

for surgery alone 

MAGIC 

(Cunningham 

et al., 2006) 

Perioperative 

chemotherapy 

5 year survival 36% vs. 23% for surgery 

alone 

ACCORD 07 

FNCLCC-

FFCD 

9703 (Ychou 

et al., 2011) 

Perioperative 

chemotherapy 

5 year survival 38% vs. 24% for surgery 

alone 

FLOT  

(Al-Batran et 

al., 2019) 

Perioperative 

chemotherapy 

Median OS 50 months vs. 35 months in 

control ECF/ECX group 

Abbreviations: OS, overall survival; ECF, Epirubicin, Cisplatin, and Fluorouracil; ECX, 

Epirubicin, Cisplatin, Capecitabine 

 

Treatment options differ for patients with advanced metastatic disease. Many are 

surgically inoperable and are instead treated with FOLFOX (5-FU, Leucovorin and 

Oxaliplatin) or CAPOX (Capecitabine, Leucovorin, Oxaliplatin) along with Trastuzumab 

in the setting of human epidermal growth factor receptor 2 (HER2) over-expression 

(Smyth et al., 2017). 
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Despite the treatment options available, survival rates for GEJA remain extremely poor: 

55-60% of patients with early stage disease who undergo primary resection with curative 

intent will relapse within 5 years, whilst the median OS is 11-12 months for metastatic 

disease (Joshi, Maron, & Catenacci, 2018). One potential reason for treatment failure in 

patients with metastatic disease is the differences in genomic profiling between primary 

and metastatic tumour deposits (Pectasides et al., 2018). The poor response to the 

conventional therapies outlined in Table 1.1 highlights a need for the development of 

more effective targeted therapies for both early and advanced stage disease.  

Early advances in our understanding of the molecular biology of GEJA have already led 

to the development of potential new treatment options. Large scale sequencing studies 

have identified a number of molecularly defined GEJA subsets that may hold therapeutic 

relevance, including tumours related to Epstein-Barr Virus (EBV); tumours with hyper-

mutation, in particular microsatellite instable tumours (MSI); and those with homologous 

recombination deficiency (HRD) (Y. Y. Janjigian, Sanchez-Vega, et al., 2018). Many 

GEJAs are of CIN subtype and frequently show amplifications in a range of receptor 

tyrosine kinases (RTK) – another potential therapeutic target (Bass, 2014; Cristescu et 

al., 2015; J. Kim, Bowlby, R., Mungall, A. et al., 2017; Secrier et al., 2016). 

Immune checkpoint inhibitors (ICIs) are a class of immunotherapeutic agents that hold 

great promise for treatment of many different malignancies including melanoma, non-

small cell lung cancer (NSCLC), urothelial carcinoma and now GEJA (Greally et al., 

2019). These drugs act by blocking the immune-evasive binding of tumour surface 

‘immune checkpoint proteins’ with their partner proteins on host immune cells. This 

enables the body to mount a CD8+ tumour infiltrating lymphocyte (TIL) mediated 

destruction in response to the tumour. Susceptible tumours will regress or undergo 

restriction of further cancer growth (Gubin et al., 2014). Two T-cell immunomodulatory 



41 
 

receptors that have been targeted in drug development are Cytotoxic T-Lymphocyte 

Associated Antigen-4 (CTLA-4) and Programmed Death-1 (PD-1). Pembrolizumab and 

Nivolumab are two such anti-PD-1 antibodies that have been approved for use in the 

setting of chemotherapy-refractory GEJA. Indeed, Pembrolizumab has recently been 

approved in the United States to treat Programmed Death Ligand 1 (PDL-1) positive, 

MSI-high and chemotherapy refractory GEJA (Greally et al., 2019; Y. Y. Janjigian, 

Sanchez-Vega, et al., 2018; Le et al., 2015; Muro et al., 2016).  

Many trials have reached completion (Table 1.2) and others are ongoing (Table 1.3) 

which investigate the efficacy of potential therapeutic agents in the management of 

GEJA. A number of completed trials have demonstrated a survival advantage offered by 

Pembrolizumab and Nivolumab in the setting of advanced or metastatic GEJA that has 

failed at least 1 prior line of therapy (Fuchs et al., 2018; Y. Y. Janjigian, Bendell, et al., 

2018; Kang et al., 2017; Muro et al., 2016). Ongoing trials are now focusing on 

combinations of anti-PD-1 antibodies with adjunct therapies: Bang et al are investigating 

the impact of Pembrolizumab taken in conjunction with chemotherapy in the 

adjuvant/neoadjuvant setting, whilst Janjigian et al seek to determine the impact of 

Pembrolizumab plus chemotherapy and Trastuzumab in a select group of patients with 

HER2 amplified GEJA, as identified by immunohistochemistry (IHC) and fluorescent in 

situ hybridization (FISH) (Bang et al., 2019; Yelena Yuriy Janjigian et al., 2019).  

A separate cohort of clinical trials have investigated alterative targets to ICIs. Fuchs et al 

demonstrated the survival benefit of Ramucirumab as a second line agent for patients 

with metastatic or unresectable locally advanced GEJA (Fuchs et al., 2014). 

Ramucirumab is a human IgG1 monoclonal antibody that acts as a vascular endothelial 

growth factor receptor-2 (VEGFR-2) antagonist. It inhibits angiogenesis through 

prevention of ligand binding, thus preventing activation of the receptor mediated pathway 
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(Fuchs et al., 2014). Angiogenesis is one of the hallmarks of cancer, hence its inhibition 

by Ramucirumab has an anti-tumour effect (Hanahan & Weinberg, 2011). A clinical trial 

by Park et al, currently in the recruitment phase, aims to expand upon the results of Fuchs’ 

trial and examine the impact of Ramucirumab in conjunction with chemotherapy in 

treatment of metastatic GEJA. Li et al also investigated the impact of targeting VEGFR-

2 (J. Li et al., 2016). They investigated the use of Apatinib, a TKI which acts by 

selectively binding to and inhibiting VEGFR-2 and its downstream angiogenic activities, 

in patients with GEJA who have failed at least 2 prior lines of chemotherapy. A modest 

survival advantage was shown: those who received Apatinib had a median OS of 6.5 

months, compared to 4.7 months in the placebo group (J. Li et al., 2016).  

Whilst these trials have shown some therapeutic benefits, the overall survival advantage 

for the patient remains low. The fact that most trials focus on patients who have disease 

refractory to first line therapies emphasises the fact that our available treatment options 

are still hampered by the issue of resistance to anti-cancer drug treatments.  
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Table 1.2 A Selection of Completed Trials of Targeted Therapies in GEJA. 

Study Phase Prior 

Lines 

Disease Types Intervention Results 

KEYNOTE-012 

(Muro et al., 

2016) 

 

Ib ≥2 Resistant or 

metastatic gastric 

(n=28) or GEJ 

(n=11) 

adenocarcinoma 

Pembrolizumab 8/39 (22%) 

ORR 

KEYNOTE-059 

(Fuchs et al., 

2018) 

 

II ≥2 Advanced gastric 

(n=125) or GEJ 

(n=133) 

adenocarcinoma 

Pembrolizumab Objective 

response 11.6% 

(CR 2.3% + PR 

9.3%) 

CHECKMATE-

032 

(Y. Y. 

Janjigian, 

Bendell, et al., 

2018) 

I/II ≥2 Locally advanced 

or metastatic gastric 

(n=59), 

oesophageal (n=26) 

or GEJ (n=75) 

adenocarcinoma 

Nivolumab alone 

vs. 2 separate 

dosing regimens 

of Nivolumab 

plus Ipilimumab  

12 month OS: 

Nivolumab 

alone 39%; 

Nivolumab + 

Ipilimumab 35% 

and 24% 

ATTRACTION-

2 (Kang et al., 

2017) 

 

III ≥3 Advanced gastric 

(n=308) or GEJ 

(n=27) 

adenocarcinoma 

(Unknown n=32) 

Nivolumab vs. 

Placebo 

Median OS: 

5.23 months 

with 

Nivolumab; 

4.14 months 

with Placebo 

(J. Li et al., 

2016) 

III ≥3 Advanced gastric 

(n=112) or GEJ 

(n=36) 

adenocarcinoma 

(Unknown n=13) 

Apatinib vs. 

Placebo 

Median OS:  

6.5 months with 

Apatinib; 4.7 

months with 

Placebo 

REGARD  

(Fuchs et al., 

2014) 

III ≥2 Metastatic or 

unresectable locally 

recurrent gastric 

(n=265) or GEJ 

(n=90) 

adenocarcinoma 

Ramucirumab vs. 

Placebo 

Median OS: 

5.2 months with 

Ramucirumab; 

3.8 months with 

Placebo 

Abbreviations: ORR, overall response rate; CR, complete response; PR, partial response 



44 
 

Table 1.3 A Selection of Ongoing Trials of Targeted Therapies in GEJA. 

Study Phase Line Disease Types Intervention Primary 

Endpoints 

KEYNOTE-585 

(Bang et al., 

2019) 

NCT03221426 

III 1 Localized 

gastric or GEJ 

adenocarcinoma 

Pembrolizumab + 

Chemotherapy (FP or XP) 

vs. Placebo + 

Chemotherapy (FP or XP) 

OS, EFS and 

CPR 

CHECKMATE-

577 

(Kelly et al., 

2017) 

NCT02743494 

III 2 Stage II/III 

oesophageal or 

GEJ 

adenocarcinoma 

Nivolumab vs. Placebo OS and DFS 

KEYNOTE-811 

(Yelena Yuriy 

Janjigian et al., 

2019) 

NCT02954536 

II 1 HER-2 positive 

metastatic GEJ 

adenocarcinoma 

Pembrolizumab with 

Chemotherapy/Trastuzumab 

6 months 

PFS 

Park et al  

NCT03141034 

II 2 Metastatic 

gastric and 

GEJ 

adenocarcinoma 

Irinotecan plus 

Ramucirumab 

PFS 

Abbreviations: FP, 5-fluorouracil; XP, Cisplatin plus Capecitabine; EFS, event free 

survival; DFS, disease free survival; PFS, progression free survival 
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1.1.6 Treatment Resistance 

Despite modest advances in drug treatments, the issue of resistance to anti-cancer 

therapies persists as an obstacle to optimal clinical management and prognostication in 

GEJA, and indeed to malignancies of all sites. The mechanisms leading to drug resistance 

are complex and multifactorial. The pharmacological impact of a particular therapeutic 

agent depends on both intrinsic and acquired characteristics of the tumour cells (Vasan, 

Baselga, & Hyman, 2019). The key determinants of drug resistance in tumours are 

depicted in Figure 1.5.  

The mechanisms of resistance vary with each determinant. For example, the interplay 

between the tumour and its microenvironment – that being the surrounding immune cells, 

stroma and vasculature – may mediate resistance through both obstruction of drug 

absorption by the tumour cells and stimulation of paracrine growth factors that promote 

tumour cell growth (Prieto-Vila, Takahashi, Usuba, Kohama, & Ochiya, 2017; Vasan et 

al., 2019). Physical barriers include ‘sanctuary sites’ such as the CNS, which are 

anatomical sites within which systemic therapies do not reach therapeutic concentrations 

(Toyokawa, Seto, Takenoyama, & Ichinose, 2015). In addition to this, many oncogenes 

and tumour suppressor genes have yet to be targeted by anti-cancer therapies, including 

TP53 and MYC: the presence of an ‘undruggable genome’ further contributes to the 

heterogeneity of tumour cells and hence drug resistance (Vasan et al., 2019).  
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Figure 1.5: Biological Determinants of Drug Resistance. Image taken from Vasan et al, 

2019.  
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Most tumours are comprised of a phenotypically diverse population of cancer cells 

(Prasetyanti & Medema, 2017; Shibue & Weinberg, 2017), driven by a complex array of 

genetic and epigenetic alterations that disrupt normal cell cycle processes. This diversity 

is known as intra-tumour heterogeneity and is thought to play a crucial role in the 

development of treatment resistance (Prasetyanti & Medema, 2017). OAC has a high 

mutational burden compared to other malignancies, with a median mutation frequency of 

9.9 per million base pairs (mbp) (Dulak et al., 2013). Oesophageal cancer is ranked 6th 

out of 30 tumour types in terms of prevalence of somatic mutations, with a recent study 

identifying 77 driver genes and 21 non-coding driver elements within this tumour type 

alone (Alexandrov et al., 2013; Frankell et al., 2019). A number of driver events were 

found to occur exclusively in, or overlap between, dysregulated OAC pathways, 

indicating a significant relationship between their presence and the progression to 

malignancy (Frankell et al., 2019). However, the rate of acquisition of genomic 

alterations is highly variable, ranging from slow age-related mutations to dramatic large 

chromosomal alterations that may often represent a ‘point of no return’ in the 

development of drug resistance (Vasan et al., 2019). This further complicates the 

development of targeted therapies and highlights the need for early therapeutic 

intervention.  

Personalised medical therapies often fail because a single biopsy may sample only one 

sub-population of tumour cells, thus underestimating the heterogeneity present within a 

tumour (Gerlinger et al., 2012). The presence of small sub-populations of cancer stem 

cells (CSC) within a tumour is of crucial clinical importance as CSCs are known to 

contribute to both resistance to anti-cancer therapies and to tumour metastasis in many 

solid organ malignancies, yet there remains a paucity of published literature pertaining to 

this subject in relation to GEJA (S. Li & Li, 2014; Nunes et al., 2018).  
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1.2 Epithelial Mesenchymal Transition and 

Cancer Stem Cells 

1.2.1 Cancer Stem Cells 

Cancer stem cells are a small but crucially important sub-population of tumour cells 

which drive tumorigenesis, metastasis and treatment resistance (Prasetyanti & Medema, 

2017). They are undifferentiated and capable of limitless self-renewal, with potential for 

subsequent differentiation into various non-CSC cell types which have no capacity for 

self-renewal or migration and instead form the bulk of the tumour (Reya, Morrison, 

Clarke, & Weissman, 2001). CSCs hold a Darwinian survival advantage over other 

subclones within a single tumour due to their endogenous resistance mechanisms against 

chemo-radiotherapy (Eun, Ham, & Kim, 2017; Prieto-Vila et al., 2017). Additionally, 

their ability to generate phenotypically varied clonal populations of both CSC and non-

CSC cells within a single tumour increases the likelihood of at least one group of tumour 

cells surviving the assault of anti-cancer treatments (Brooks, Burness, & Wicha, 2015; 

Eun et al., 2017). It has been proposed that the limited efficacy of conventional anti-

cancer therapies is attributable to the fact that these treatments target the bulk population 

of non-CSCs within a tumour, allowing minor populations of CSCs to persist and 

propagate, leading to a clinical relapse (Reya et al., 2001; Shibue & Weinberg, 2017). 

CSCs are therefore one of the most clinically important contributors to intra-tumour 

heterogeneity and thus resistance to anti-cancer treatments. 

In the same fashion as normal adult stem cells, CSCs reside in niches: these are a 

specialised component of the tumour microenvironment which act to regulate the fate of 

stem cells via specific signals and cellular interactions (Cabrera, Hollingsworth, & Hurt, 
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2015). These interactions result in phenotypic plasticity of CSCs, as they can interconvert 

between differentiated and stem-like states (Quail, Taylor, & Postovit, 2012). This 

plasticity greatly contributes to intra-tumour heterogeneity and treatment resistance, as 

cells can adopt a quiescent non-CSC state in response to signals from its niche (Batlle & 

Clevers, 2017) (Figure 1.6). 

Two models exist with which to understand the mechanisms of tumour progression and 

heterogeneity: the hierarchical model and the stochastic model (Plaks, Kong, & Werb, 

2015). The hierarchical model places greater weight on the role of CSCs, assuming that 

they represent a distinct sub-population within a tumour which drives carcinogenesis by 

giving rise to different cancer cells, which in turn assemble in a hierarchical fashion as 

they generate their own CSCs (Visvader & Lindeman, 2008). By contrast, the stochastic 

model considers every cell within a tumour to be equally likely to act as a cell of origin 

for tumorigenesis (Plaks et al., 2015). This is based on the premise that in cancer, normal 

quiescent adult cells can acquire a critical volume of mutations in cell cycle genes which 

lead to subsequent clonal expansions (Quail et al., 2012). Both models have their 

limitations: the hierarchical model does not consider the ability of CSCs to transition into 

non-CSCs, whilst the stochastic model does not take into consideration the role of 

microenvironmental cues in generating tumour-initiating capacity within cancer cells 

(Batlle & Clevers, 2017). Despite their differences however, the concept of CSC 

plasticity unites the two models: CSCs organised within a hierarchy can transition 

between states, whilst oncogenic mutations can facilitate the generation of CSCs. 
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Figure 1.6. Updates in Understanding of Stem Cells and Cancer Stem Cells. 

The earlier concept of CSCs revolved around the understanding that CSCs (pictured in 

pink) are rare cells within a tumour which undergo asymmetric division, giving rise to 

one CSC and one transient amplifying cell (pictured in orange). The latter is not capable 

of self-renewal and thus eventually undergoes terminal differentiation. By contrast, we 

now understand that following division, the outcome of the CSC daughters is determined 

by signals from the niche. Only cells that remain within the niche are stem cells; those 

that exit the niche undergo differentiation. Adapted from Batlle et al, 2017 (Batlle & 

Clevers, 2017). 
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CSCs are regulated by a number of signalling pathways associated with stemness, which 

include Notch, Hedgehog, Wnt/β-Catenin, JAK/STAT, and NF-κB (K. Chen, Huang, & 

Chen, 2013). These pathways play a role in the maintenance of stem cell properties and/or 

regulation of their differentiation through alteration of messenger RNA (mRNA) 

expression via a specific subset of transcription factors (TF) (Eun et al., 2017). In 2006 

Yamanaka identified the first four TFs that were involved in inducing pluripotent stem 

cells from mouse embryonic and adult fibroblast cultures: OCT3/4, SOX2, c-MYC and 

Klf-4 (Takahashi & Yamanaka, 2006). Other TFs that play a role in the generation of 

induced pluripotent stem cells (iPSC) include NANOG and SALL4, which are encoded 

by their correspondingly named genes (Rodriguez et al., 2014; K. H. Song et al., 2017; 

Zeineddine, Hammoud, Mortada, & Boeuf, 2014). These TFs are thought to act in concert 

with each other and other complex molecular processes to establish stem cell traits in a 

range of cell types, including CSC traits in neoplastic cells. 

MicroRNAs (miRNA) also play a role in the regulation of CSC traits. These are a class 

of small non-coding RNAs which are involved in regulating gene expression through 

either degradation of their target mRNA or through inhibition of their translation, with 

an overall effect of altered protein expression within cells. miRNAs are key in regulating 

a range of essential biological processes including proliferation, differentiation, survival 

and apoptosis in many different cell types (Hezova et al., 2016). They have been shown 

to be aberrantly expressed in many different human cancers and to play a role in the 

regulation of CSC characteristics (Khan et al., 2019). In their latter role, they act by 

targeting many of the same signalling pathways detailed above, which are involved in 

regulation of mRNAs associated with stemness, including Wnt/β-Catenin, JAK/STAT, 

and NF-κB (Khan et al., 2019). Certain miRNAs may also play a role in tumorigenesis 
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by regulating the cell cycle components of CSCs to inhibit apoptosis and promote cellular 

proliferation (Mens & Ghanbari, 2018).  

miRNAs involved in CSC regulation include the miR-17-92 family, which regulates the 

MYC oncogene to protect CSCs against apoptosis; the let-7 family, whose decreased 

expression is associated with metastasis and chemoresistance; and a wide range of others 

including miR-21, miR-16 and miR-200 (Y. Li, Choi, Casey, Dill, & Felsher, 2014; Mens 

& Ghanbari, 2018). Whilst many of these miRNAs have been shown to regulate organ-

specific CSCs, there is considerable overlap between the expression of miRNAs in 

different solid organ malignancies (Chakraborty, Chin, & Das, 2016). For example, miR-

17 is downregulated in OAC and renal cell carcinoma CSCs, yet miR-17 over-expression 

has been demonstrated in colorectal CSCs (Lichner et al., 2015; Xi et al., 2016). This 

highlights the molecular complexities of CSC regulation, and thus the difficulties in 

identifying a suitable targeted therapeutic agent for individual malignancies.  

CSCs present within a tumour are reported to be selected by a small subset of cell surface 

proteins which include CD133, CD44, CD24, CD34 and ALDH1A1 (T. Chen, You, 

Jiang, & Wang, 2017; Hermansen, Christensen, Jensen, & Kristensen, 2011; Yang, 

Wang, Wang, Chen, & Bai, 2018). There are no unified CSC-specific markers in all 

tissues and organs: their expression can vary between cancer type. For example, CD133 

is expressed in liver, brain, colorectal and pancreatic CSCs, yet it is not an appropriate 

biomarker for melanoma and head and neck cancer CSCs (K. Chen et al., 2013; Madjd 

et al., 2016).  

In addition to the expression of CSC cell surface markers, these cells also classically 

express cellular proteins associated with a mesenchymal phenotype (T. Chen et al., 2017). 

The expression of mesenchymal cell markers in an epithelial malignancy points towards 
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a shift from an epithelial to a mesenchymal phenotype – a phenomenon known as 

epithelial mesenchymal transition (EMT) (Greenburg & Hay, 1982). The overlapping 

molecular features between CSCs and EMT suggest that EMT plays a role in the 

promotion and regulation of CSCs. A greater understanding of the biological link 

between these processes would potentially facilitate the development of targeted 

therapies against these small sub-populations of cells, thus reducing the rates of drug 

resistance and metastasis and improving survival outcomes for patients.  

 

1.2.2 Epithelial Mesenchymal Transition 

Epithelial mesenchymal transition, first described in 1982 by Greenberg and Hay 

(Greenburg & Hay, 1982), is a process of lineage transition whereby epithelial cells lose 

their adhesive properties and acquire a mesenchymal cell phenotype, with changes in cell 

morphology and expression of surface markers (Kalluri & Weinberg, 2009). This 

programme involves epigenetic cellular modifications, resulting in heritable phenotypic 

changes without the acquisition of new genetic alterations. Epithelial and mesenchymal 

cells differ in their histological appearance and physiology. Epithelial cells are 

characterized by apical-basal polarity and tight intracellular junctions, whilst 

mesenchymal cells are fibroblast-like with discohesive cell-cell interactions. This change 

in phenotype facilitates invasion and tumour cell migration to remote sites, as seen in 

metastasis (T. Chen et al., 2017; Lamouille, Xu, & Derynck, 2014). The reverse of this 

process – mesenchymal-epithelial transition (MET) – confirms the plasticity of these cells 

and plays a role in the colonization of metastatic deposits at remote sites: a common CSC 

fate (Kalluri & Weinberg, 2009). These distant metastatic deposits no longer express the 
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mesenchymal markers associated with metastasizing carcinoma cells, but rather reassume 

an epithelial phenotype (Kalluri & Weinberg, 2009).  

The development of EMT is complex and involves an array of different molecular 

processes including activation of TFs, changes in expression of specific miRNAs, 

epigenetic changes and alterations of cytoskeletal and cell surface proteins (Diepenbruck 

& Christofori, 2016; Kalluri & Weinberg, 2009). EMT is involved in both pathological 

and physiological processes and is divided into three subgroups relating to 

embryogenesis, tissue regeneration and cancer progression (T. Chen et al., 2017; Kalluri 

& Weinberg, 2009). The EMT programme was first studied in the context of 

embryogenesis, where it was shown that the mesodermal and endodermal cell layers 

arose from the transition of epiblasts (primitive epithelial cells) present within the 

endodermal layer to cells with a mesenchymal phenotype. Similarly, EMT facilitated the 

migration of neural crest cells in the dorsal neural tube, with differentiation at remote 

sites into a range of cell types including melanocytes and glial cells (T. Chen et al., 2017; 

Reya et al., 2001; Shibue & Weinberg, 2017).  

Type 3 EMT – that which relates to cancer progression – occurs in neoplastic cells that 

have already undergone genetic and epigenetic changes in tumour suppressor genes and 

oncogenes (Kalluri & Weinberg, 2009). Neoplastic cells that undergo EMT are typically 

found at the invasive front of primary tumours and as they progress thorough the 

transitional process they acquire the ability to invade and metastasize – two hallmarks of 

cancer (Fouad & Aanei, 2017; Kalluri & Weinberg, 2009). The progression through EMT 

is not uniform however: different sub-populations of cells within a tumour may undergo 

only partial EMT, thus further contributing to intra-tumour heterogeneity (Prasetyanti & 

Medema, 2017).  
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Type 3 EMT is tightly regulated by a wide spectrum of complex cellular signalling 

pathways (Figure 1.7). In many carcinomas the tumour microenvironment – comprised 

of a large cohort of stromal cells including cancer associated fibroblasts (CAF), T-

lymphocytes, macrophages and myeloid derived suppressor cells – releases a range of 

cytokines, chemokines and growth factors which act in a paracrine fashion to induce 

EMT; these include hepatocyte growth factor (HGF), epidermal growth factor (EGF), 

platelet derived growth factor (PDGF), Interleukin 6 (IL-6) and transforming growth 

factor beta (TGF-β) (Table 1.4) (Dongre & Weinberg, 2019; Kalluri & Weinberg, 2009). 

These mediators are involved in the activation of a group of EMT inducers, including the 

E-box binding protein family ‘Zeb’; zinc-finger protein family ‘Snails’, helix-loop-helix 

protein family ‘Twists’ and forkhead box protein family ‘FOXCs’ (Galvan et al., 2015; 

Kalluri & Weinberg, 2009; Medici, Hay, & Olsen, 2008; Wei et al., 2015; J. M. Yu et al., 

2015). Once activated, these TFs orchestrate the EMT programme through a series of 

intracellular signalling pathways which include MAPK, ERK, PI3K, Wnt/β-catenin, Ras 

and Smads; these interact and work in tandem with various cell surface proteins including 

β4 and α5 integrins (Kalluri & Weinberg, 2009; Tse & Kalluri, 2007). These signalling 

pathways frequently overlap and are regulated by multiple intricate cellular interactions 

involving miRNAs, epigenetic modulators and exogenous inducers (T. Chen et al., 2017).  
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Table 1.4 Mechanisms of EMT Activation by the Tumour Microenvironment. 

Cellular Components of the Tumour 

Microenvironment  

 

(Dongre & Weinberg, 2019) 

Mechanisms of EMT Activation  

 

(Dongre & Weinberg, 2019; Kalluri & 

Weinberg, 2009) 

Cancer Associated Fibroblasts  - Secretion of cytokines and growth 

factors including TGF-β, Il-6, 

EGF, VEGF and HGF 

- Induction of vimentin expression 

and inhibition of E-cadherin 

expression 

- Methylation of EMT regulatory 

genes 

Tumour Associated Macrophages - Secretion of TGF-β 

- Secretion of TNF, which acts in 

synergy with TGF-β 

Myeloid Derived Suppressor Cells - Secretion of TGFβ and activation 

of COX2, EGF and HGF 

pathways 

T-Lymphocytes - CD4+ and CD8+ cytotoxic T cells 

activate EMT through poorly 

understood mechanisms 

Abbreviations: TNF, tumour necrosis factor; COX2, cyclooxygenase-2 
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Figure 1.7. Epithelial Mesenchymal Transition. 

EMT involves the transition of cells from an epithelial to a mesenchymal phenotype. The 

cell markers commonly used in research to differentiate between the two states are listed. 

During the intermediate transition phase, both epithelial and mesenchymal markers may 

be detected, reflecting the fact that some cells go through ‘partial’ rather than ‘complete’ 

EMT. ZO-1, zona occludens 1; MUC1, mucin 1 cell surface associated; miR200, 

microRNA 200; SIP1, survival of motor neuron protein interacting protein 1; FOXC2, 

forkhead box C2. Image taken from Kalluri et al 2009 (Kalluri & Weinberg, 2009). 
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The regulation of β-catenin in EMT initiation demonstrates this signalling complexity 

well. β-catenin is a protein involved in cell adhesion and gene transcription (Nelson & 

Nusse, 2004). It forms part of the cadherin complex, which maintains cellular integrity, 

and plays a central role in canonical (β-catenin dependant) Wnt signalling pathways, 

which lead to the transcription of genes that favour an EMT programme (Nelson & Nusse, 

2004; Niehrs, 2012). The process of disruption of intercellular junctions is a key initiating 

event in EMT that involves the breakdown of specialised cell surface protein complexes 

which act to maintain epithelial cell integrity (Lamouille et al., 2014). Loss of E-cadherin 

through this process prevents its interaction with β-catenin, which results in accumulation 

of β-catenin and thus activation of the Wnt/β-catenin signalling pathway (Nelson & 

Nusse, 2004). Through this pathway β-catenin translocates to the nucleus, where it 

activates the transcription of target genes involved in EMT under the control of T cell 

factor (TCF) (Niehrs, 2012). However, loss of E-cadherin is not the only factor that leads 

to accumulation of β-catenin: activation of the Wnt signalling pathway also results in 

inhibition of GSK3β activity – an enzyme known to inhibit tumour migration and 

invasion. This inhibition prevents phosphorylation of β-catenin, thus further facilitating 

its regulation of gene expression involved in EMT initiation (Basu, Cheriyamundath, & 

Ben-Ze'ev, 2018; Kao et al., 2014; Lamouille et al., 2014).  

The intricacy of EMT initiation is similarly well demonstrated by examining the role of 

TGF-β in this process. TGF-β is a pleiotropic molecule involved in a range of 

pathological and physiological processes, including two which are mutually exclusive: 

initiation of EMT and apoptosis (J. Song, 2007; Spender et al., 2009). In the early stages 

of tumorigenesis TGF-β exerts its tumour suppressor function by inducing apoptosis of 

pre-malignant cells, whilst in the later stages its role shifts to that of a tumour promotor 

as it instead becomes involved in the promotion of EMT (Hao, Baker, & Ten Dijke, 
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2019). The direction of action of TGF-β is regulated through activation of different 

signalling pathways. Studies have suggested that the TGF-β/Smad signalling pathway 

plays an important role in inducing apoptosis via upregulation of pro-apoptotic factors 

(Spender et al., 2009). By comparison, regulation of the role of TGF-β in EMT initiation 

is more complex: in this process a range of signalling pathways which lead to EMT are 

activated by TGF-β, including both TGF-β/Smad and MAPK/ERK (Hao et al., 2019; 

Zavadil et al., 2001). In addition to this, TGF-β also exerts its influence on EMT by 

affecting the activities of other EMT associated pathways such as Notch and Wnt 

(Gonzalez & Medici, 2014). Taken in combination, these studies clearly demonstrate the 

subtlety and complexity of cellular processes involved in the initiation and completion of 

EMT. 

The role of hypoxia, which is often present in poorly vascularized areas of tumour, in the 

induction of EMT is also of great importance. It has been shown to induce EMT through 

a range of mechanisms, including upregulation of hypoxia-inducible factor-1α (HIF1α), 

HGF, Snail1 and Twist1; activation of Notch and NF-κB pathways; and induction of 

DNA hypomethylation (Gort, Groot, van der Wall, van Diest, & Vooijs, 2008; Polyak & 

Weinberg, 2009). Interestingly, low O2 levels have been shown to induce EMT through 

inhibition of GSK3β activity, leading to accumulation of β-catenin, upregulation of 

Wnt/β-catenin signalling and ultimately induction of the TF Snail1 (Cannito et al., 2008). 

These findings not only implicate hypoxia in the induction of EMT, they also highlight 

the biological diversity of EMT activation and thus the need to expand our knowledge of 

the molecular mechanisms underlying this process.  

Our current understanding of EMT can be further expanded through experimental 

interrogation of the cross talk between complex signalling pathways, as directed by 

existing knowledge of molecular markers associated with each stage of phenotypic 
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transformation. Cells in the process of transition from an epithelial to a mesenchymal 

phenotype will classically express increased levels of mesenchymal markers and 

decreased levels of epithelial markers. A pure epithelial phenotype will commonly 

express cell surface markers including E-cadherin, cytokeratin, desmoplakin and others, 

whilst markers expressed by cells with a pure mesenchymal phenotype include vimentin 

and β-catenin. Both epithelial and mesenchymal phenotypes are also associated with 

expression of different miRNAs. For example, the expression of miR-21, which is 

involved in activation of TGF-β induced EMT, is associated with the mesenchymal 

phenotype (Kalluri & Weinberg, 2009). By comparison, miR-200 expression is 

associated with the epithelial phenotype, playing an important role in inhibition of E-

cadherin repressors Zeb1 and Zeb2 (Dongre & Weinberg, 2019; Kalluri & Weinberg, 

2009) (Figure 1.8). Accurate identification of cells in various stages of EMT is paramount 

due to its involvement in such clinically applicable processes as drug resistance and 

tumour metastasis: traits that are shared with CSCs. 
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Figure 1.8. The Roles and Regulation of Major EMT Transcription Factors.  

EMT is driven by several TFs including Snail1, Twist and Zeb2, which each exert their 

effects through repression of epithelial genes and activation of genes associated with a 

mesenchymal phenotype. Their action is further modified at the post-translational level 

through several interactions including (a) phosphorylation of Snail1 by enzymes GSK3β 

and p21 Activated Kinase 1 (PAK1); (b) phosphorylation of Twist by MAPK and (c) 

sumoylation of Zeb2 by Polycomb Repressive Complex 2 (PRC2). E-cadherin, Epithelial 

Cadherin; ID, Inhibitor of Differentiation; MMP, Matrix Metalloproteinase; N-cadherin, 

Neural Cadherin; PALS1, Protein Associated with Lin-7 1; PATJ, PALS1-Associated 

Tight-Junction Protein; SPARC, Secreted Protein Acidic and Rich in Cys; ZO1, Zonula 

Occludens 1. Adapted from Lamouille et al, 2014.  

 



62 
 

1.2.3 EMT as a Regulator of Cancer Stem Cells 

The relationship between EMT and the acquisition of CSC traits has been extensively 

investigated. Experimental studies have demonstrated that the EMT process is associated 

with the acquisition of CSC properties on neoplastic cells across a wide range of human 

carcinomas (T. Chen et al., 2017). CSCs were first identified in the 1990s when CD34＋

CD38− leukemic cells were shown to have bone marrow hematopoietic stem cell 

characteristics (Bonnet & Dick, 1997; Lapidot et al., 1994). In 2003 Al-Hajj et al 

identified CSCs in solid tumours by demonstrating tumorigenic (stem) cells with cell 

surface marker profile CD44＋CD24−/low in breast cancer (Al-Hajj, Wicha, Benito-

Hernandez, Morrison, & Clarke, 2003), followed shortly after by identification of CSC 

markers for other solid organ malignancies including prostate, colon, liver and lung (Eun 

et al., 2017; Medema, 2013).  

In 2008 Mani et al demonstrated a direct link between EMT and CSCs by inducing EMT 

in human mammary epithelial cells (HMLE) and identifying both the acquisition of 

mesenchymal traits and the expression of stem cell markers (Mani et al., 2008). The group 

induced EMT in HMLEs via ectopic expression of Snail or Twist, or exposure to TGF-β 

stimulation, leading to acquisition of traits seen in neoplastic mammary stem cells: a 

CD44high/CD24low phenotype with the ability to form a mammosphere. These cells 

additionally had the ability to produce a CD44low/CD24high population of non-

mammosphere forming cells, thus indicating that EMT is associated with a gain of CSC 

traits. Morel et al also demonstrated the acquisition of CSC traits in HMLEs following 

activation of the Ras-MAPK pathway (Morel et al., 2008). Whilst Mani and Morel have 

both shown that induction of EMT-TFs in HMLEs in vitro leads to the development of 

stem cell characteristics, subsequent research into this area has demonstrated that a 
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variety of these TFs have much broader range of influences over the process of 

tumorigenesis including cellular plasticity, oncogenic transformation and mobility. The 

versatility of these functions, which are further complicated by the cell-type specific 

epigenetic landscape, pose a barrier to our understanding of the molecular mechanisms 

underlying tumour development (Goossens, Vandamme, Van Vlierberghe, & Berx, 

2017). 

Additional studies have demonstrated this link between EMT and CSC, supporting their 

causality. Both initiation of EMT and generation of CSCs are associated with TGF-β 

signalling. A study conducted by Shipitsin et al in 2007 showed that CD44+ breast cancer 

stem cells had higher levels of TGF-β compared with non-CSC breast cancer cells, and 

inhibition of this signalling pathway in the CSCs re-established an epithelial phenotype 

(Shipitsin et al., 2007). Other studies have shown high levels of Wnt signalling in 

colorectal CSCs with high expression of β-catenin at the invasive front, and demonstrated 

the role of Notch signalling in development of CSCs (Brabletz et al., 1998; Vermeulen et 

al., 2010). Furthermore, a recent study by Pistore et al showed that CAF-conditioned 

media can induce both mesenchymal and CSC-like properties in prostate cancer cells 

through concurrent DNA hypo- and hyper-methylation (Pistore et al., 2017).  

However, despite strong evidence to support a link between EMT and the acquisition of 

CSC traits, studies exist which contradict this association (Celia-Terrassa et al., 2012; T. 

Chen et al., 2017; Liao & Yang, 2017; Xie et al., 2014). Two separate studies examined 

the role of Twist1, which is involved in both EMT and the promotion of CSC properties; 

both demonstrated that the acquisition of CSC traits does not always occur in tandem 

with EMT (Beck et al., 2015; Schmidt et al., 2015). This implies that whilst EMT and 

CSC are closely linked, EMT is not necessarily required for development of cancer 

stemness; their regulation may in fact be via independent functions of the same EMT-
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TFs (Liao & Yang, 2017). Other groups have suggested an association between MET and 

stemness. For example, a study which investigated the reprogramming of mouse 

fibroblasts to iPSC showed that MET played a key role in the acquisition of stemness 

traits through suppression of Snail via OCT-4/SOX2, downregulation of TGF-β via c-

Myc and induction of epithelial genes such as E-cadherin through Klf-4 (R. Li et al., 

2010). In 2012 Ocana et al demonstrated that repression of homeobox TF Prrx1 – an 

EMT inducer – in human breast cancer cells caused them to simultaneously revert to an 

epithelial phenotype (MET) and acquire CSC traits (Ocana et al., 2012). Given the 

clinical relevance of the shared traits between these two processes, specifically metastasis 

and drug resistance, greater investigation is warranted in order to gain a better 

understanding of their molecular associations.  

 

1.2.4 The Role of EMT and CSC in Tumour Metastasis 

Metastasis refers to the dissemination of tumour cells to sites remote from the primary 

tumour (A. F. Chambers, Groom, & MacDonald, 2002). The metastatic cascade 

commences with invasion of primary tumour cells at the invasive tumour edge into the 

surrounding tissue, followed by intravasation into the blood or lymphatic system as either 

a single cell or a group of cells. The tumour cells are then disseminated throughout the 

systemic circulation as circulating tumour cells (CTC), with subsequent extravasation 

and metastatic outgrowth at a secondary site (Figure 1.9) (Diepenbruck & Christofori, 

2016). The formation of metastases requires all stages of this metastatic cascade, yet the 

process is complex: it has been estimated that only 0.01% of tumour cells which enter the 

systemic circulation are capable of forming a secondary tumour (A. F. Chambers et al., 
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2002). Both EMT and MET are crucial components involved in the establishment of 

metastasis (Diepenbruck & Christofori, 2016).  
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Figure 1.9: The Role of EMT in the Invasion Metastasis Cascade. 

Whilst not yet fully understood, this figure depicts the proposed role of EMT in 

metastasis. Metastasis starts with loss of adhesive properties of tumour cells, leading to 

migration out from the primary tumour, invasion of the surrounding tissue and subsequent 

intravasation into the blood/lymphatic stream. Single CTCs mainly express mesenchymal 

characteristics (depicted in red), yet clusters of CTCs often consist of cells expressing 

both epithelial (depicted in blue) and mesenchymal traits. Once they reach their 

secondary site, cancer cells must adhere to the target site endothelium, extravasate and 

migrate into the parenchyma. At this point the tumour cells either persist in a prolonged 

dormant state as disseminated tumour cells (DTC), or settle as multicellular 

micrometastasis which grow to form macrometastasis. Image adapted from Diepenbruk 

et al, 2016 (Diepenbruck & Christofori, 2016). 
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Many studies have sought to determine the exact role of EMT in metastasis. Experimental 

models involving manipulation of TGF-β expression and interference with E-cadherin 

function have shown that induction of EMT promotes tumour cell invasion and migration 

(Diepenbruck & Christofori, 2016; Tiwari, Gheldof, Tatari, & Christofori, 2012). This 

relationship is supported by the observation that CTCs isolated from the bloodstream of 

patients with metastatic breast cancer expressed more mesenchymal markers than the 

primary tumour. Additionally, de-differentiated cells at the invasive tumour edge – those 

which are entering into the metastatic cascade – frequently express a mesenchymal 

phenotype and are associated with a poorer overall survival (Prat et al., 2010; M. Yu et 

al., 2013). Furthermore, experimental inhibition of EMT through induction of MET or 

genetic knockout of EMT-inducing genes has been shown to reduce metastases 

(Diepenbruck & Christofori, 2016). 

Whilst it is largely accepted that EMT is involved in induction of metastasis, studies have 

demonstrated that MET is also an essential component of metastatic colonization, 

responsible for the process of metastatic outgrowth at the secondary site (Liao & Yang, 

2017). Tsai et al showed that induction of Twist1 in SCC promoted the initial 

dissemination of tumour cells, yet metastatic outgrowth at distant sites required 

inactivation of Twist1 and subsequent MET (Tsai, Donaher, Murphy, Chau, & Yang, 

2012). Comparable studies which investigated the role of EMT-TFs Prrx1 and Snail1 in 

metastasis demonstrated a similar spatiotemporal relationship (Ocana et al., 2012; Tran 

et al., 2014). Furthermore, the miR-200 miRNA family have been shown to promote 

MET, and their expression was found to increase in metastatic deposits compared with 

tumour cells which lack the capacity to form metastatic deposits (Dykxhoorn et al., 2009). 

Of additional interest, metastatic deposits frequently display a differentiated phenotype 

despite the fact that the cells located at the invasive edge of the primary tumour – those 
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which enter the metastatic cascade – are often de-differentiated (Brabletz et al., 2001). 

This further supports the role of MET in establishing metastases at secondary sites. 

It stands to reason that in light of their unique ability to produce new tumours, metastatic 

deposits should be predominantly comprised of CSCs rather than non-CSCs. Indeed, 

studies have found that tumour cells with CSC traits develop mature adhesion plaques – 

macromolecular structures involved in the initial proliferation of CSCs at secondary sites 

– far more readily than non-CSCs (Shibue & Weinberg, 2009, 2017). However, no study 

has yet discussed whether metastatic deposits express higher levels of CSCs compared to 

the primary tumour. The question of when and how CSC traits are acquired is also as of 

yet unanswered.  

There are many difficulties in determining which direction of transition between 

epithelial and mesenchymal traits is associated with the acquisition of CSC traits, as 

discussed in Section 1.2.3. Many studies have examined the role of both EMT and MET 

in this process, yet the simple fact that these experimental studies often achieved EMT or 

MET through forced expression of various factors, thus fixing cells in a terminal 

epithelial or mesenchymal phenotype, may hold the answer to this conundrum. Contrary 

to the pure epithelial or mesenchymal phenotypes achieved through experimental 

induction of EMT/MET, in vivo EMT/MET is believed to be a dynamic process, as 

reflected in a range of studies that reported dual expression of epithelial and mesenchymal 

markers in CTCs (Bonnomet et al., 2012; Raimondi et al., 2011; M. Yu et al., 2013). In 

2016 Beerling et al examined epithelial mesenchymal (E/M) plasticity in metastatic 

breast cancer without artificial modulation of the process (Beerling et al., 2016). They 

determined that an EMT is required for early migration, but not for intravasation; and 

importantly they showed that upon arrival at their secondary metastatic site, 

mesenchymal cells will revert to an epithelial phenotype within a few rounds of cell 
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division. Any difference in stemness traits between epithelial and mesenchymal states in 

the process of metastasis therefore becomes irrelevant due to the inherent plasticity of the 

process (Beerling et al., 2016). Indeed, this hybrid E/M state has been shown to be 

associated with greater stemness and enhanced tumour invasive properties in metastatic 

prostate cancer (Ruscetti, Quach, Dadashian, Mulholland, & Wu, 2015).  

These studies suggest that whilst both EMT and MET play an important role in the 

generation of CSCs, this process is not associated with either EMT or MET in isolation, 

but rather is flexible, reflecting the E/M plasticity. Further interrogation of this model of 

cellular plasticity is required in order to improve our understanding of cancer progression, 

metastasis and potentially mechanisms of resistance to anti-cancer drug therapies. 

 

1.2.5 The Role of EMT and CSC in Drug Resistance 

As discussed in Section 1.1.6, intra-tumour heterogeneity contributes to the success of 

anti-cancer drug therapies through acquired drug resistance, which develops as a result 

of both genetic and epigenetic alterations of sub-populations of cancer cells within the 

tumour mass (Shibue & Weinberg, 2017) (Esteller, 2008).  

A growing body of evidence supports the concept that conventional anti-cancer therapies 

fail because they only target the bulk non-CSC population of the tumour, allowing the 

more resistant CSCs to survive, self-renew and generate new tumour masses (Dean, Fojo, 

& Bates, 2005; Eyler & Rich, 2008; Shibue & Weinberg, 2017). Indeed, studies have 

investigated the relative sensitivities of isolated CSC-enriched tumour sub-populations to 

chemotherapy, radiotherapy, immunotherapy and molecularly targeted therapies, 

compared with non-CSCs. These analyses demonstrated a far greater survival of CSCs 

than non-CSCs in all treatment modalities, across multiple different cancer types (Dallas 
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et al., 2009; Graham et al., 2002; Levina, Marrangoni, DeMarco, Gorelik, & Lokshin, 

2008; Shibue & Weinberg, 2017).  

The process of EMT, which imparts heritable phenotypic changes through both genetic 

and epigenetic modifications, is one of the most important processes involved in 

generation of CSCs in human carcinomas (Polyak & Weinberg, 2009). EMT activation 

confers resistance to many different types of therapeutic agents upon tumour cells 

through a range of mechanisms, including elevated expression of anti-apoptotic proteins, 

slow stem cell proliferation rates and transmembrane protein transporters that mediate 

drug reflux (Figure 1.10) (Shibue & Weinberg, 2017; Singh & Settleman, 2010). 

Additionally, EMT-inducing TFs Zeb1, Snail and Slug have been shown to confer 

resistance to Oxaliplatin- and Cisplatin-based chemotherapies in breast, colon, ovarian 

and pancreatic cancers (Dongre & Weinberg, 2019; Lim et al., 2013). Snail and Slug 

promote resistance to chemotherapy through antagonization of p53 mediated apoptosis 

and by regulation of genes involved in cell death (Dongre & Weinberg, 2019). The 

association between EMT and drug resistance is further compounded by the activity of 

the miR-200 family: these miRNAs act to reverse EMT, and accordingly have been 

shown to restore chemosensitivity in aggressive cancer cells (Cochrane, Howe, Spoelstra, 

& Richer, 2010). The role of EMT in drug resistance is further corroborated by studies 

that demonstrated a strong link between treatment resistance and the expression of genes 

associated with EMT in cancer cells (Byers et al., 2013; Farmer et al., 2009). 
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Figure 1.10: Mechanisms of EMT-Induced Anti-Cancer Treatment Resistance in 

Carcinomas. 

Image a demonstrates EMT-associated downregulation of apoptotic signalling pathways, 

increased drug efflux and slowing of cellular proliferation. These mechanisms all 

contribute to general resistance to anti-cancer drugs. Image b depicts EMT-induced 

evasion of therapeutic EGFR blockade. EMT associated TF Snail1 induces surface 

expression of the AXL RTK; AXL signalling is triggered by binding of its ligand growth 

arrest-specific protein 6 (GAS6), allowing the carcinoma cell to evade the cytostatic 

effects of the drug. Image c shows how carcinoma cells, having undergone EMT, can 

avoid the fatal effects of cytotoxic T cells employed by immunotherapy agents. Elevated 

surface expression of PDL-1 binds to the PD-1 receptor on cytotoxic T cells, thus 

diminishing their function. Secretion of thrombospondin-1 (TSP-1) further promotes 

resistance through development of regulatory T cells in the tumour microenvironment 

that help to suppress the activity of cytotoxic T cells. Image adapted from Shibue et al, 

2017 (Shibue & Weinberg, 2017).  
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The sum of these findings indicates that EMT plays a key role in regulation of CSC 

resistance to anti-cancer drugs, as supported by early results of clinical trials which target 

CSCs and their regulatory pathways (Codd, Kanaseki, Torigo, & Tabi, 2018; Yoon et al., 

2014). Analysis of gastric cancer samples from a phase II clinical trial showed that 

patients who received chemotherapy with Vismodegib – a hedgehog inhibitor – held a 

survival advantage in those with a high expression of CSC marker CD44 (Yoon et al., 

2014). The use of immunotherapy approaches to target CSCs are also under investigation 

(Codd et al., 2018). However, despite these early advances, a greater understanding of 

the relationship between EMT and CSCs and their mechanisms of drug resistance would 

undoubtedly enhance drug development and hence clinical outcomes for patients.  
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1.3 Cancer Stem Cells in Gastroesophageal 

Adenocarcinoma 
 

1.3.1 CSC Markers  
 

Therapeutic targeting of CSCs is limited by difficulties in characterization of CSCs across 

a broad range of solid and haematological malignancies. A range of markers have been 

identified for use in isolation of CSCs, including cell surface markers CD133, CD44, 

CD24 and CD66; ALDH1 activity has additionally been used as a marker of cellular 

metabolism (Codd et al., 2018; Prasetyanti & Medema, 2017). Unsurprisingly, given their 

shared characteristics, the markers used to identify CSCs overlap greatly with those used 

in the identification of normal adult stem cells in non-neoplastic tissues (Brungs et al., 

2016). The clinical utility of these markers is somewhat hampered by the fact that 

expression of CSC markers is not uniform across different malignancies: indeed, CSC 

markers may vary between cancer subtypes and even between patients within the same 

subtype (Visvader & Lindeman, 2012). Heterogenous expression of CSC markers 

throughout a single tumour has been observed, which further complicates the process of 

CSC isolation (Prasetyanti & Medema, 2017). Furthermore, as discussed above, there is 

an inherent plasticity in the process of acquisition of CSC traits, making the isolation of 

CSCs more difficult. Specific CSC markers should be experimentally confirmed for 

individual malignancies in order to improve the accuracy of identification of this sub-

population of neoplastic cells.  

Several studies exist within the literature regarding the identification, regulation and 

clinicopathologic characteristics of CSCs and CSC-like cells in both gastric and 

oesophageal cancers, amongst a wide range of other malignancies. Whilst studies 

pertaining specifically to CSCs in GEJA are sparse, it must be remembered that tumour 
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samples used in studies which investigate the role of CSCs in both OAC and gastric cardia 

adenocarcinomas will include a proportion of GEJAs. Here we describe some of the most 

common CSC markers used in gastric and oesophageal malignancies. 

 

CD133 

CD133, also known as Prolamin-1, is a five transmembrane glycoprotein plasma 

membrane protein that has been used to identify putative CSCs in a range of tumours 

including colon, pancreas, brain, lung, melanoma, prostate, stomach and oesophagus 

(Brungs et al., 2016). It plays a role in regulation of the lipid component of the plasma 

membrane, yet its precise function remains unknown (Codd et al., 2018). Whilst 

frequently used as a marker of CSCs, CD133 is not a CSC-specific antigen as it is also 

expressed in a number of differentiated epithelial cells in various organs (Y. Wu & Wu, 

2009). It is important also to recognise that the use of different CD133 clones complicates 

comparisons between studies, leading to poor reducibility and potential for erroneous 

results (Hermansen et al., 2011). Despite this, the utility of CD133 as a target for anti-

CSC therapies has been investigated in ovarian mouse models, demonstrating inhibition 

of cellular growth and suppression of tumour progression (Skubitz et al., 2013). 

 

CD44 

CD44 is a transmembrane glycoprotein that is expressed on both differentiated adult cells, 

including endothelial cells and hepatocytes, and CSCs. It has a wide range of 

physiological roles including adhesion, migration, differentiation, growth and survival 

(Ponta, Sherman, & Herrlich, 2003). It serves as a putative CSC marker in a range of 
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malignancies including colon, brain, stomach, oesophagus and – when interpreted in 

combination with decreased CD24 expression – prostate and breast (Brungs et al., 2016). 

However, as with CD133, we cannot regard CD44 as a CSC-specific antigen.  

Interestingly, CD44 is encoded by the 20 exon CD44 gene, which is subject to alternative 

splicing (Lau et al., 2014). It has been proposed that CD44 variants (CD44v) are more 

specific in their identification of cells with tumorigenic potential when compared to the 

standard isoform (CD44s) (Thapa & Wilson, 2016). Moreover, whilst we know that 

cancer cells which undergo EMT express increased levels of CD44, the functional 

significance is unclear, with great overlapping between the different isoforms (C. Chen, 

Zhao, Karnad, & Freeman, 2018). Brown et al demonstrated that induction of EMT in 

breast cancer required a switch from CD44v to CD44s isoform expression (Brown et al., 

2011). These findings were supported by a number of other studies that identified CD44v 

in metastatic deposits from a range of solid organ malignancies, which were associated 

with a poorer prognosis (Kaufmann et al., 1995; Mulder et al., 1994; Ni et al., 2014; 

Ozawa et al., 2014). These findings identify specific CD44 isoforms as potential targets 

for anti-cancer therapies, and indeed early studies have already investigated the potential 

for therapeutic targeting of CD44 positive breast CSCs (Aires et al., 2016).  

 

ALDH1 

Within the human genome, the aldehyde dehydrogenase (ALDH) family comprises a 

reported 19 functional genes which encode enzymes involved in the oxidative 

metabolization of endogenous and exogenous aldehyde substrates, including lipids and 

amino acids (Tomita, Tanaka, Tanaka, & Hara, 2016). ALDH1 has 3 isoforms 

(ALDH1A1, ALDH1A2 and ALD1A3) and is a marker of both stem cells and CSCs, 
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with expression seen in colon, pancreas, breast and prostate cancers (Brungs et al., 2016; 

Tomita et al., 2016). Katsuno et al demonstrated CSC properties of self-renewal and 

increased tumorigenicity in isolated ALDH1+ cells from gastric cancer cell lines (Katsuno 

et al., 2012), and in other studies high ALDH expression has been correlated with poor 

clinical outcomes in pancreatic, ovarian and prostate cancers (Fitzgerald & McCubrey, 

2014; Kuroda et al., 2013; Le Magnen et al., 2013). Furthermore, acquired drug resistance 

in tumour cells is associated with transcriptional activation of ALDH1 expression 

(Yoshida, Dave, Han, & Scanlon, 1993). Early studies have investigated the utility of 

anti-CSC therapies targeting ALDH1 in breast, ovary and NSCLC (Duan et al., 2014; H. 

Z. Li, Yi, & Wu, 2008; MacDonagh et al., 2017; Schech, Kazi, Yu, Shah, & Sabnis, 2015; 

Y. H. Wu et al., 2015). A phase II trial investigated the effect of administering Disulfiram 

– a potent ALDH inhibitor – in addition to standard chemotherapy to patients with 

NSCLC, demonstrating good drug tolerance and a prolonged survival (Nechushtan et al., 

2015). Thus, in cancer therapy, ALDH1 holds great potential as a CSC target. 

 

Other Potential CSC Markers 

There is a vast array of additional markers that have been used to identify CSCs across a 

range of malignancies, used either on their own or in combinations. These include CD24, 

EpCAM, CD49f, CD54, CD90, CD117, CD166, CD177, CD29, Lgr5 and AFP (Brungs 

et al., 2016; Codd et al., 2018). The evidence supporting their utility as CSC markers is 

either weak or inconsistent, thus further studies are required to determine their suitability 

for this role. 
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1.3.2 Gastric Adenocarcinoma CSC Markers 
 

Gastric CSC markers are well described in the published literature, with strong evidence 

to support CD44, CD133 and ALDH1 as reliable cell surface and metabolic markers for 

this sub-population (L. Lu et al., 2016; Tomita et al., 2016; Zavros, 2017). Expression of 

all three markers has been consistently associated with poor clinicopathological features 

and overall survival outcomes in gastric cancer (Abdi et al., 2019; S. Chen et al., 2013; 

L. Lu et al., 2016; Wakamatsu et al., 2012). Indeed, CD133 and CD44 were each found 

to be independent predictors of lower DFS and OS, prompting Lu et al to suggest that 

their expression interpreted in combination may be of use as a prognostic tool in gastric 

cancer (S. Chen et al., 2013; Lee, Seo, An, Kim, & Jeon, 2012; L. Lu et al., 2016; Mayer 

et al., 1993).  

CD44v6 expression in gastric cancer resection specimens has been shown to be 

associated with poorer clinical outcomes including distant metastasis, lymph node 

metastasis and depth of invasion (S. Chen et al., 2013; Y. J. Liu, Yan, Li, & Jia, 2005). 

Additionally, CD44+ CTCs in patients with gastric cancer were shown to correlate with 

the clinicopathologic characteristics of the resected tumour specimens, yet CD44- CTCs 

did not (Watanabe et al., 2017). These findings suggest that CD44 is useful as a marker 

of stemness in neoplastic cells and as a predictor of patient outcomes. However, whilst 

many studies point towards the utility of CD44 as a prognostic tool and potential 

therapeutic target in gastric cancer, it is important to bear in mind the impact of 

heterogeneity in patient populations, tumour sampling and experimental procedures: this 

is demonstrated in a case series by Kim et al, which did not identify an association 

between CD44 expression and any clinicopathological factors examined (J. Y. Kim, Bae, 

Kim, Shin, & Park, 2009; Y. J. Liu et al., 2005). 
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A meta-analysis conducted by Wen et al in 2013 investigated the correlation between 

CD133+ gastric cancers and clinicopathological characteristics and survival outcomes in 

773 patients (Wen et al., 2013). The study found worse accumulative 5 year OS rates in 

CD133+ patients (21.4%) as compared with CD133- patients (55.7%), in addition to a 

close correlation between CD133 over-expression and poor clinicopathological features, 

including TNM stage and lymphovascular invasion (Wen et al., 2013). A more recent 

study demonstrated higher levels of CD133+ CTCs in blood samples from gastric cancer 

patients compared to unmatched normal controls, the presence of which correlated with 

poor prognosis (Xia, Song, Liu, Wang, & Xu, 2015). These findings are in keeping with 

the use of CD133 as a marker for putative gastric CSCs.  

Wakamatsu et al showed no association between ALDH1 and survival outcomes, yet 

deeper analysis of the individual ALDH isoforms by Li et al pointed towards ALDH1A3 

and ALDH1L1 as potential prognostic markers and therapeutic targets in gastric cancer 

(K. Li et al., 2016; Wakamatsu et al., 2012).  

The epithelial molecular adhesion molecule (EpCAM) is a transmembrane glycoprotein 

present in most epithelial tissues that plays a role in cell adhesion, migration and 

differentiation (Imano et al., 2013). EpCAM is over-expressed in gastric cancer, with one 

study demonstrating CSC characteristics within EpCAM+ tumour population and not in 

EpCAM- tumour cell (Wenqi et al., 2009). Furthermore, Imano et al showed that 

peritoneal metastases of gastric cancer express higher levels of EpCAM, as compared 

with biopsy samples of the primary tumour, indicating that only gastric cancer cells with 

high EpCAM expression may metastasize to the peritoneum (Imano et al., 2013). Despite 

this, most gastric cancers are EpCAM+, thus it must be used in conjunction with other 

more specific markers in identification of gastric CSCs (Brungs et al., 2016). 
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Many other cell surface markers have been identified which may hold promise as gastric 

CSC-like markers, however as of yet studies are conflicting. One study showed that 

decreased expression of CD54, also known as intercellular adhesion molecule 1 

(ICAM1), is associated with a poorer prognosis and increased risk of lymphatic spread, 

yet a separate group correlated CD44+/CD54+ gastric cancer cells with stemness traits, as 

compared to CD44-/CD54- cells (T. Chen et al., 2012; Yashiro, Sunami, & Hirakawa, 

2005). Other cell surface markers that hold similar potential as markers of gastric CSC 

include CD90, CD71 and CD49f (Brungs et al., 2016). 

Interestingly, studies have examined both the expression levels of stemness genes and 

their related proteins in gastric cancer. TFs including Sox2, Nanog and Oct-4 have been 

shown to be expressed in gastric cancer cells and their co-expression is proposed to 

identify gastric CSCs (J. Liu et al., 2013). Despite this, the results of studies looking at 

the expression of these markers in gastric cancer have thus far produced conflicting 

results, demanding further experimental interrogation to confirm their utility as CSC 

markers (N. Li et al., 2015; Matsuoka et al., 2012; Otsubo, Akiyama, Yanagihara, & 

Yuasa, 2008). 

A number of miRNAs have been linked to the expression of gastric CSCs. miR-196a-5p 

has been shown to be upregulated in CD44+ gastric CSCs, and to play a key role in EMT 

and invasion through targeting of the Smad4 signalling pathway (Pan et al., 2017). High 

miR-501-5p levels were associated with poor OS and were shown to induce a CSC like 

phenotype in gastric cell lines through activation of Wnt/β-catenin signalling pathways 

(Fan, Ren, Yang, Liu, & Zhang, 2016). Furthermore, upregulation of miR-132 in gastric 

CSCs was linked to chemoresistance (L. Zhang et al., 2017). These miRNAs, amongst 

many others, hold great promise as a targetable molecule in the treatment of gastric 
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cancer, yet extensive work is required to validate their prognostic significance and 

mechanisms of action. 

 

1.3.3 Oesophageal Adenocarcinoma CSC Markers 
 

Oesophageal CSC markers have also been widely investigated, with particular emphasis 

on their role in the BO to OAC transition. Similar to gastric cancer, ALDH1, CD44 and 

CD133 are well recognised as putative CSC markers, in addition to EpCAM (Islam, 

Gopalan, & Lam, 2018; Mokrowiecka et al., 2017).  

Honing et al described a correlation between loss of CD44 expression and poor survival 

outcomes in patients with OAC. Ajani et al showed that ALDH1+ tumour cells from OAC 

and GEJA resection specimens were more resistant to chemoradiotherapy, as compared 

to tumour cells with low ALDH1 expression (Ajani et al., 2014; Honing et al., 2014). A 

similar study by Sun et al demonstrated that resistance to treatment with Adriamycin, 

Cisplatin and 5-FU (ACF) was associated with an increase in EpCAM expression, which 

coincided with expression of CSC marker CD90 (Sun et al., 2018). By comparison, 

Driemel et al concluded that EpCAM expression is dynamic throughout tumour 

progression, with high expression correlating with proliferative stages and low/negative 

expression associated with migration, invasion and dissemination (Driemel et al., 2014). 

Alakhova et al also investigated the role of OAC CSCs in drug resistance, examining the 

ability of SP1049C – a pluronic-based micellar formulation of Doxorubicin that has 

demonstrated safety and efficacy in patients with advanced OAC and GEJA in a phase II 

trial – to deplete CSCs and decrease cancer cell tumorigenicity in vivo (Alakhova, Zhao, 

Li, & Kabanov, 2013). Using mouse models, they found that CD133+ CSC populations 
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were decreased and tumorigenicity was suppressed following SP1049C treatment. These 

findings all suggest a link between OAC CSCs and resistance to anti-cancer treatments.  

The potential for CSCs to serve as prognostic markers for the progression from BO to 

OAC has also been investigated. Mokrowiecka et al identified higher expression of 

CD44, CD133 and EpCAM in BO, early OAC and advanced OAC compared with normal 

gastric cardia, suggesting that these markers may hold potential as markers of progression 

from BO to OAC (Mokrowiecka et al., 2017). In 2012 Tomizawa et al investigated 

expression of CSC marker CD133 and EMT-TFs Snail, Slug and Twist in early OACs 

using IHC. They found abundant expression of each marker at the invasive tumour edge, 

indicating that early stage cancers contain cells with metastatic potential (Tomizawa, Wu, 

& Wang, 2012).  

miRNAs have been implicated in the regulation of CSC traits in OAC tumour cells. 

Downregulation of miR-17-5p in OAC tumour cells with CSC traits was shown to 

produce a radioresistant phenotype (Lynam-Lennon et al., 2017). Similarly, over-

expression of miR-221 in OAC was associated with resistance to 5-FU based 

chemotherapeutic regimens; experimental knockdown in resistant cells resulted in 

dysregulation of CD44 in addition to other Wnt/β-catenin signalling target genes (Y. 

Wang et al., 2016). These findings, taken in conjunction with protein and potential 

mRNA CSC markers, merit greater interrogation as the co-expression of different 

molecular markers may hold great promise as targets for anti-cancer therapies.  
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1.3.4 Gastroesophageal Junction Adenocarcinoma CSC 

Markers 
 

There is a distinct lack of studies in the current literature which investigate the role of 

CSCs in GEJA as a distinct entity. Brungs et al examined the significance of the 

expression of CD133, CD44 and ALDH1 in metastatic deposits of GEJA, which they 

defined as ‘gastroesophageal and gastric cancers’ (Brungs et al., 2019). CD44 and 

ALDH1 expression were both significantly associated with poorer OS; CD44 was 

identified as an independent prognostic marker, whilst CD133 was not. Both CD44 and 

ALDH1 were also significantly associated with urokinase-type plasminogen activator 

receptor (uPAR) expression. The uPAR system is a proteolytic pathway that is involved 

in invasion of tumour cells into the surrounding normal tissue early in the metastatic 

cascade: its expression is an independent prognostic factor for GEJA and is thought to 

play a role in CSC signalling (Brungs et al., 2017; Gilder et al., 2018). These findings 

support the use of CD44 and ALDH1 as CSC markers in GEJA. 

As described in Section 1.3.3, two studies by Ajani and Alakhova specifically stated that 

the cancer cells used in their studies were sourced from both OAC and GEJA specimens. 

It is likely that GEJ tumours accounted for a proportion of the tumour samples used in all 

studies discussing the role of CSCs in OAC and gastric cancers, yet this assumption 

cannot be proven. Regardless, in light of the growing belief that GEJ tumours are best 

regarded as a disease entity in their own right, more focused attention is required to 

determine the specific molecular characteristics of GEJA, rather than grouping them with 

non-junctional OAC and gastric cancers in study designs.  

 



83 
 

1.4 Study Aims and Objectives 
 

The study hypothesis of this thesis states that the presence of rare populations of CSCs 

are associated with more clinically aggressive GEJA, and that these cells most likely to 

be located in poorly differentiated areas of tumour, and/or in the infiltrative or pushing 

edge of the tumour, here deemed ‘higher grade’ areas. By comparison, it is expected that 

tumour cells in better differentiated and/or less infiltrative areas of tumour – here deemed 

‘lower grade’ areas – will be associated with better clinical outcomes and a non-CSC 

phenotype. This question was devised in order to address the gap in the literature 

regarding the identification, function and clinical impact of CSCs in GEJA.  

The fundamental aim of this project is to perform a large scale expression analysis of 

GEJA resection specimens using a panel of associated mRNAs, miRNAs and proteins. 

The panel of markers was chosen to reflect the interplay between EMT and CSCs, with 

individual markers identified through a meta-analysis of the relevant literature. It is hoped 

that this analysis will identify a molecular signature that is of prognostic significance for 

patients with GEJA. The objectives of our study are: 

• To examine the expression of genes relating to EMT and ‘stemness’ using 

quantitative PCR (qPCR), comparing the difference in expression patterns 

between ‘lower grade’ and ‘higher grade’ areas of the same tumour, where 

possible. 

• To determine the expression of miRNAs known to play a role in EMT and in the 

acquisition of ‘stemness’ traits using qPCR, comparing the difference in 

expression patterns between ‘lower grade’ and ‘higher grade’ areas of the same 

tumour, where possible. 
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• To study the downstream protein expression in the same ‘lower grade’ and ‘higher 

grade’ areas of tumour, focusing on proteins associated with EMT and CSCs, 

through use of tissue microarrays (TMA) and IHC.  

• To correlate the molecular signature of different areas of tumour with 

clinicopathological characteristics. 
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Chapter Two: Materials and Methods 
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2.1 Gene Expression Analysis 

 

2.1.1 Sample Selection 
 

Seventy nine formalin fixed (10% buffered formalin) paraffin embedded (FFPE) tissue 

samples were identified through the St. James’s Hospital Upper Gastrointestinal biobank 

and retrieved from the main hospital archive. All samples were stored following written 

informed consent, as approved by the St. James’s Hospital (SJH)/Adelaide and Meath 

Hospital Dublin incorporating National Children’s Hospital (AMNCH) research ethics 

committee (REC Reference 041113/10804 and 2018-08 Chairman’s action (10)). FFPE 

tissue from resection specimens of patients who underwent surgery with curative intent 

for gastroesophageal junction (GEJ) adenocarcinomas was used. Each tumour was scored 

according to the TNM 8th Edition. Exclusion criteria were age under 18 years; an inability 

to provide informed consent; (y)pT0 and (y)pT1a disease, as the latter is limited to the 

mucosal layer; gastric or oesophageal malignancies that did not involve the GEJ. Patients 

with only biopsy specimens available were not included. All confidentiality regulations 

were adhered to and data was irreversibly anonymised following collection. The clinical 

course for each patient was not affected by sample collection or subsequent data 

collection.  

 

2.1.2 Histological Assessment 
 

One - two FFPE tissue blocks containing tumour were selected per case to include two 

specific areas of tumour, based on histological appearance. Each tumour block was 

assessed to identify two histologically distinct areas of tumour, categorised as ‘higher’ 
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and ‘lower’ histologic grade. Higher grade areas were characterised by the presence of 

tumour cells with a lack of gland formation, solid growth pattern, clusters and single 

tumour cells. These cells were frequently located at the infiltrative/pushing tumour 

border; however, they could often be found scattered throughout the tumour body. 

Lower grade areas had more discernible gland formation, as compared to their matched 

pair. These cell populations were most commonly identified in less infiltrative areas of 

the tumour body. Due to variability in response to NAT, not all cases included a distinct 

‘lower grade’ area of tumour, however a ‘higher grade’ tumour sample was taken from 

each case. Tumours composed of a high volume of architecturally similar tumour cells 

classified their paired samples based on location of neoplastic cells within the body of 

the tumour. 

 

2.1.3 Laser Capture Microdissection 
 

Two 7 µm sections were cut from each tissue block using a microtome and mounted on 

uncharged glass slides. The slides were air dried and each section was stained with a 

standard haematoxylin and eosin (H&E) stain. The slides were not cover-slipped. Laser 

capture microdissection (LCM) was performed using the Arcturus® system and 

Arcturus® CapSure® Macro LCM Caps (Applied Biosystems™ by Thermo Fisher 

Scientific, Waltham, MA, USA) (Figure 2.1).  

The LCM system utilised an Eclipse™ Ti-E microscope and an ArcturusXT™ 

Instrument. The LCM caps and slides were loaded onto the stage. An overview image of 

each slide to be microdissected was captured on the computer. The cells of interest were 

marked on-screen for infrared (IR) and/or ultraviolet (UV) laser microdissection using 



88 
 

freehand and defined circle drawing tools. Tumour cells were selected from each 

histologically defined area in turn, using a separate cap for each.  

Once the area of interest was marked out, the IR and/or UV lasers were tested to confirm 

correct location of the laser spot. The LCM cap was loaded onto the slide. The IR and/or 

UV lasers were used to microdissect the marked areas and these isolated cells of interest 

were collected onto the transfer film of the LCM caps. Repeat microdissection was 

performed as indicated in order to collect the maximum number of cells of interest 

available on the slide. Once complete, the cap was unloaded from the stage, coded and 

stored in a cool dry room prior to RNA extraction.  
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Figure. 2.1 The Laser Capture Microdissection Process. Adapted from Vandewoestyne 

et al, 2013 (Vandewoestyne et al., 2013). 
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2.1.4 RNA Isolation 
 

RNA isolation was performed using the Arcturus™ PicoPure™ RNA Isolation Kit 

(Applied Biosystems™ by Thermo Fisher Scientific) according to manufacturer’s 

instructions, as briefly described below.  

 

RNA Extraction 

RNA was first extracted by pipetting 50 µL extraction buffer into a 0.5 mL 

microcentrifuge tube. The CapSure® Macro LCM Cap was inserted onto the tube and 

this assembly was inverted to ensure all the extraction buffer covered the cap. The cap-

microcentrifuge tube assembly was then incubated at 42°C for 30 min, following which 

it was centrifuged at 800 x g for 2 min to collect the cell extract into microcentrifuge tube. 

The cap was then removed, and the cell extract was either directly frozen at -80˚C or used 

immediately.  

 

RNA Isolation 

RNA isolation first involved pre-conditioning of the RNA purification column: 250 µL 

conditioning buffer was pipetted onto the purification column filter membrane and 

incubated for 5 min at room temperature before centrifugation at 16,000 x g for one min. 

Once complete, 50 µL 70% EtOH was pipetted into the cell extract from the first step of 

this process. This cell extract/EtOH mixture (combined volume approx. 100 µL) was 

pipetted into the pre-conditioned purification column and centrifuged for 2 min at 100 x 

g to bind RNA to the column. This was immediately followed by centrifugation at 16,000 

x g for 30 sec to remove flow-through. A further 100 µL ‘wash buffer 1’ was then pipetted 
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into the purification column and centrifuged at 8,000 x g for one min, followed by 

pipetting 100 µL ‘wash buffer 2’ into the purification column and centrifuging at 8,000 

x g for 1 min. Subsequently, an additional 100 µL ‘wash buffer 2’ was pipetted into the 

purification column and centrifuged at 16,000 x g for 2 min. 

The purification column was then transferred to a new 0.5 mL microcentrifuge tube and 

15 µL elution buffer was directly pipetted onto the membrane of the purification column 

by gently touching the tip of the pipette to the surface of the membrane as the buffer was 

dispensed, thus ensuring maximum absorption of the elution buffer onto the membrane. 

The purification column was then incubated at room temperature for 1 min, followed by 

centrifuging for 1 min at 1,000 x g to distribute the elution buffer in the column. 

Immediately after this, the column was centrifuged for 1 min at 16,000 x g to elute the 

RNA. Samples were then either directly frozen at -80˚C or used immediately.  

 

2.1.5 Reverse Transcription 
 

Reverse transcription (RT) was performed using a Thermo Fisher Scientific High-

Capacity cDNA Reverse Transcription Kit and RNase inhibitor (Applied Biosystems™ 

by Thermo Fisher Scientific), according to manufacturer’s instructions, as briefly 

described below.  

 

Preparation of 2X Reverse Transcription Master Mix 

The 2X RT master mix components were thawed on ice and the master mix was prepared 

on ice, using the volume components in Table 2.1. Volume calculated was that required 

per 20 µL reaction. The 2X master mix was then placed on ice and mixed gently. 
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Table 2.1: Volume components for reverse transcription master mix.  

Component Volume/Reaction (µL) 

10X RT Buffer 2.0 

25X dNTP Mix (100 mM) 0.8 

10X RT Random Primers 2.0 

MultiScribe™ Reverse Transcriptase 1.0 

RNase Inhibitor 1.0 

Nuclease-Free H2O 8.2 

Total Per Reaction  15 

 

Preparation of cDNA Reverse Transcription Reactions 

The cDNA RT reactions were prepared. Fifteen µL 2X RT master mix was pipetted into 

each well of a 96 well reaction plate, followed by 5 µL RNA sample which was gently 

pipetted to mix the sample thoroughly. The plate was sealed using MicroAmp™ Optical 

Adhesive Film (Applied Biosystems™ by Thermo Fisher Scientific) and then briefly 

centrifuged to spin down the contents and eliminate any air bubbles.  

 

Reverse Transcription Reaction 

RT was performed using the Veriti Dx 96 well thermal cycler (Applied Biosystems™ by 

Thermo Fisher Scientific) under the conditions outlined in Table 2.2.  

 

 

 



93 
 

Table 2.2: Thermal cycler conditions required for reverse transcription. 

 Step 1 Step 2 Step 3 Step 4 

Temperature 

(°C) 

25 37 85 4 

Time 10 min 120 min 5 sec ∞ 

 

 

2.1.6 Preamplification 
 

Preamplification was performed prior to PCR amplification, following the TaqMan® 

PreAmp Master Mix (2X) Kit (Applied Biosystems™ by Thermo Fisher Scientific) 

protocol, according to manufacturer’s instructions, as briefly described below.  

 

TaqMan® Assays 

The TaqMan® Gene Expression Assays (20X) (Applied Biosystems™ by Thermo Fisher 

Scientific) used in this experiment were: POU5F1 (Hs04260367_gH), NANOG 

(Hs02387400_g1), Vimentin (Hs00958111_m1), CDH1 (Hs01023895_m1), Serpine-1 

(Hs00167155_m1) and GAPDH (Hs03929097_g1). Prior to use they were thawed on ice, 

vortexed and centrifuged briefly. The assays were first pooled by combining equal 

volumes of each, followed by dilution using 1X TE buffer. This ensured that the final 

concentration of each assay was 0.2X. 
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Preamplification 

Ten preamplification cycles were used in this experiment due to the low number of pooled 

assays. These conditions produced material sufficient for fifty 20 µL PCR amplification 

reactions. Each preamplification reaction was prepared in a 0.2 mL microcentrifuge tube, 

using the volume components described in Table 2.3. 

 

Table 2.3: Volume components required for preamplification reaction. 

Component Volume (µL/Reaction) Final Concentration 

TaqMan® PreAmp Master 

Mix (2X) 

25.0 1X 

Pooled Assay Mix 12.5 0.05X (each assay) 

1-250 ng cDNA Sample + 

Nuclease-Free H2O 

6 µL cDNA + 6.5 µL 

nuclease free H2O 

0.02-5.0 ng/µL 

Total 50.0 - 

 

The reactions were mixed by gentle inversion followed by centrifugation. The tubes were 

placed in the thermal cycler and run using the conditions outlined in Table 2.4.  
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Table 2.4: Thermal cycler conditions required for preamplification PCR. 

 Enzyme 

Activation 

Preamplification PCR 

 HOLD CYCLE HOLD 

  Denature Anneal/Extend  

Temperature 95°C 95°C 60°C 4°C 

Time 10 min 15 sec 4 min ∞ 

 

As soon as the run was complete, the plate was placed on ice. The preamplification 

products were then diluted according to Table 2.5 and the samples were either directly 

frozen at -20˚C or used immediately. 

 

Table 2.5: Dilution of preamplification products. 

Number of 

Preamplification Cycles 

Dilution Factor of 

Preamplification Products 

with 1X TE Buffer 

Final Volume of Diluted 

Preamplification Product 

10 1:5 (50 µL + 200 µL TE) 250 µL 

 

 

2.1.7 PCR Amplification 
 

The TaqMan® Gene Expression assays (20X) listed above were used in this experiment. 

All PCR runs were performed using the 7500 Fast Real-Time PCR System (Applied 

Biosystems™ by Thermo Fisher Scientific). The reactions were as outlined in Table 2.6. 
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Table 2.6: Volume components for PCR amplification. 

Component Volume (µL/Reaction) 

TaqMan® Gene Expression 

Assay (20X) 

1.0 

Diluted Preamplified cDNA 

Products (Diluted 1:5) 

5.0 

TaqMan® Gene Expression 

Master Mix 

10.0 

Nuclease-Free H2O 4.0 

Total Volume 20.0 

 

The 96 well fast plate was sealed with MicroAmp™ Optical Adhesive Film, then briefly 

vortexed and centrifuged. The cycling conditions are outlined in Table 2.7.  

 

Table 2.7: Thermal cycling conditions for PCR amplification. 

Step UDG 

Activation 

AmpliTaq 

Gold® Enzyme 

Activation 

PCR 

 HOLD HOLD CYCLE (40 CYCLES) 

   Denature Anneal/Extend 

Temperature 50°C 95°C 95°C 60°C 

Time 2 min 10 min 15 sec 1 min 
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2.2 miRNA Analysis 

 

2.2.1 Sample selection 
 

RNA samples used in this study were acquired as described in Sections 2.1.1-2.1.4. Total 

RNA was isolated using the Arcturus™ PicoPure™ RNA Isolation Kit and was thus 

suitable for miRNA analysis due to the collection of small RNAs. 

 

2.2.2 cDNA Template Preparation 
 

cDNA was synthesised using the TaqMan® Advanced miRNA cDNA Synthesis Kit 

(Applied Biosystems™ by Thermo Fisher Scientific) protocol, according to 

manufacturer’s instructions, as briefly described below. 

 

Poly(A) Tailing Reaction 

The RNA samples and cDNA synthesis reagents were thawed on ice, then vortexed and 

centrifuged briefly. The Poly(A) reaction mix was then prepared in a 1.5 mL 

microcentrifuge tube, using the volumes in Table 2.8. The reaction mix was vortexed and 

centrifuged to mix samples and eliminate air bubbles. A 2 µL RNA sample was added to 

each well of a 96 well plate, followed by 3 µL Poly(A) reaction mix. Total volume: 5 µL 

per well. The plate was then sealed, vortexed and centrifuged briefly. 
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Table 2.8: Volume components for Poly(A) reaction mix. 

Component Volume (µL) 

10X Poly(A) Buffer 0.5 

ATP 0.5 

Poly(A) Enzyme 0.3 

RNase Free H2O 1.7 

Total Poly(A) Reaction Mix Volume 3.0 

 

The plate was placed in the thermal cycler under the conditions in Table 2.9. Once 

complete, the adaptor ligation reaction commenced immediately.  

 

Table 2.9: Thermal cycler conditions required for poly(A) tailing reaction. 

Step Temperature (°C) Time 

Polyadenylation 37 45 min 

Stop Reaction 65 10 min 

Hold 4 Hold 

 

 

Adaptor Ligation Reaction 

First the ligation reaction mix was prepared in a 1.5 mL microcentrifuge tube using 

volumes indicated in Table 2.10, ensuring that 50% PEG 8000 solution was at room 

temperature. The reaction mix was vortexed and centrifuged to mix samples and 

eliminate air bubbles.  
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Table 2.10: Volume components for adaptor ligation reaction mix. 

Component Volume (µL) 

5X DNA Ligase Buffer 3 

50% PEG 8000 4.5 

25X Ligation Adaptor 0.6 

RNA Ligase 1.5 

RNase Free H2O 0.4 

Total Ligation Reaction Mix Volume 10 

 

Ten µL adaptor ligation reaction mix was transferred to each well of the plate containing 

the poly(A) tailing reaction product, with a total volume of 15 µL per well. The plate was 

sealed, vortexed and centrifuged before placing it in the thermal cycler under the 

conditions in Table 2.11. Once complete, the RT reaction immediately commenced.  

 

Table 2.11: Thermal cycler conditions required for adaptor ligation reaction. 

Step Temperature (°C) Time 

Ligation 16 60 min 

Hold 4 Hold 

 

Reverse Transcription 

The RT reaction mix was prepared in a 1.5 mL microcentrifuge tube, using volumes 

indicated in Table 2.12. The reaction mix was vortexed and centrifuged to mix samples 

and eliminate air bubbles.  
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Table 2.12: Volume components for reverse transcription reaction mix. 

Component Volume (µL) 

5X RT Buffer 6 

dNTP Mix (25mM Each) 1.2 

20X Universal RTPprimer 1.5 

10X RT Enzyme Mix 3 

RNase Free H2O 3.3 

Total RT Reaction Mix Volume 15 

 

Fifteen µL RT reaction mix was transferred to each well of the plate containing the 

adaptor ligation reaction product. Total volume: 30 µL per well. The plate was sealed, 

vortexed and centrifuged before placing it in the thermal cycler under the conditions in 

Table 2.13. Once complete, samples were either directly frozen at -20˚C or used 

immediately. 

 

Table 2.13: Thermal cycler conditions required for reverse transcription. 

Step Temperature (°C) Time 

Reverse Transcription 42 15 min 

Stop Reaction 85 5 min 

Hold 4 Hold 
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miR-Amp Reaction 

First the miR-Amp reaction mix was prepared in a 1.5 mL microcentrifuge tube, using 

volumes indicated in Table 2.14. The reaction mix was vortexed and centrifuged to 

eliminate air bubbles.  

 

Table 2.14: Volume components for miR-Amp reaction mix. 

Component Volume (µL) 

2X miR-Amp Master Mix 25 

20X miR-Amp Primer Mix 2.5 

RNase Free H2O 17.5 

Total miR-Amp Reaction Mix Volume 45 

 

A total of 45 µL miR-Amp reaction mix was transferred to each well of a new 96 well 

plate. Five µL RT reaction product was then added to each well with a total volume of 

50 µL per well. The plate was sealed, vortexed and centrifuged before being placed in 

the thermal cycler under the conditions in Table 2.15, with incubation under MAX ramp 

speed and standard cycling. Upon completion, samples were either directly frozen at -

20˚C or used immediately. 
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Table 2.15: Thermal cycler conditions required for miR-Amp reaction. 

Step Temperature (°C) Time Cycle 

Enzyme Activation 95 5 min 1 

Denature 95 3 sec 14 

Anneal/Extend 60 30 sec 

Stop Reaction 99 10 min 1 

Hold 4 Hold 1 

 

 

2.2.3 PCR Amplification 
 

TaqMan® Advanced miRNA assays (Applied Biosystems™ by Thermo Fisher 

Scientific) used in this experiment are listed in Table 2.16. TaqMan® Fast Advanced 

Master Mix (Applied Biosystems™ by Thermo Fisher Scientific) was also used. All PCR 

was undertaken using the 7500 Fast Real-Time PCR System. 
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Table 2.16: miRNAs used in expression analysis study. 

miRNA  Assay ID 

hsa-miR-224-3p 478780_mir 

hsa-miR-221-3p 477981_mir 

hsa-miR-21-5p 477975_mir 

hsa-miR-17-5p 478447_mir 

hsa-miR-10b-5p 478494_mir 

hsa-miR-16-5p 477860_mir 

hsa-miR-141-5p 478712_mir 

hsa-miR-203a-3p 478316_mir 

hsa-miR-103a-3p 478253_mir 

hsa-miR-223-3p 477983_mir 

hsa-miR-200a-3p 478490_mir 

hsa-miR-133b 480871_mir 

 

First the miRNA assays were thawed on ice, then vortexed and centrifuged briefly. A 

1:10 dilution was prepared of cDNA templates produced in 2.2.2 (Table 2.17).  
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Table 2.17: Dilution required to produce a 1:10 dilution of preamplification 

product. 

Dilution Factor of cDNA 

Templates with 0.1X TE 

Buffer 

Final Volume of Diluted 

Preamplification Product 

1:10 (20 µL + 180 µL TE) 200 µL 

 

A PCR reaction mix was prepared in a 1.5 mL microcentrifuge tube, using volumes 

indicated in Table 2.18. The reaction mix was vortexed and centrifuged to mix samples 

and eliminate air bubbles.  

 

Table 2.18: Volume components for PCR reaction mix. 

Component Volume (µL) 

TaqMan® Fast Advanced Master Mix 

(2X) 

10 

TaqMan® Advanced miRNA Assay (20X) 1 

RNase Free H2O 4 

Total PCR Reaction Mix Volume 15 

 

Fifteen µL PCR reaction mix was transferred to each well of a 96 well fast plate, then 5 

µL diluted cDNA template was added to each well with a total volume per well of 20 µL. 

The plate was sealed, vortexed and centrifuged before using the PCR thermal cycling 

conditions outlined in Table 2.19.  
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Table 2.19: Thermal cycling conditions for PCR amplification. 

Step Temperature (°C) Time Cycles 

Enzyme Activation 95 20 sec 1 

Denature 95 3 sec 40 

Anneal/Extend 60 30 sec 
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2.3 Immunohistochemical Analysis 

 

2.3.1 Tissue Selection 
 

The same FFPE tissue blocks chosen for RNA extraction (Sections 2.1.1-2.1.4) were used 

for IHC analysis. Where possible, each case had two separately identifiable areas based 

on histological appearances: an ‘higher grade’ area, featuring poor tumour differentiation 

and/or an infiltrative/pushing boarder; and an ‘lower grade’ area, as defined by better 

differentiation and/or a less infiltrative portion of the tumour. Internal controls chosen 

were liver, kidney and normal GEJ.  

 

2.3.2 Tissue Micro-Array Construction 
 

Five tissue micro-arrays (TMA) were constructed using a Beecher TMA instrument using 

1 mm punches (Estigen, Tartu, Estonia) (Figure 2.2).  
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Figure 2.2 Beecher Tissue Microarray Equipment.  

Source: https://www.ous-

research.no/cytometry/?k=cytometry%2FMethods+and+development&aid=1452 
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Prior to construction, areas of ‘higher grade’ and ‘lower grade’ tumour were marked on 

the corresponding H&E slide. These areas were used as a guide to select areas for 

sampling. Tissue samples were taken from the same areas of tumour which were sampled 

by LCM. A recipient block was prepared by pouring melted paraffin into a mould of 7 

mm depth, cooling it on a cold plate and facing the block with a microtome to ensure a 

flat surface. The empty block was placed into the holder and secured with clamping 

screws. Using the recipient punch, a core of blank wax was removed from the recipient 

block. A tissue core of equal depth was removed from the donor block using the donor 

punch and inserted into the empty core in the recipient block. The adjustment knobs were 

used to space each core 1.5 mm apart. Tissue samples from the same area of tumour were 

aligned next to each other. Internal control tissues were interspersed throughout the 

recipient block and were used as reference markers. Care was taken to ensure that tissue 

sampling did not compromise the volume of residual tumour for potential future 

diagnostic purposes.  

Following completion of an entire recipient block, the block was placed upside down on 

a glass slide in a 60°C oven for 10-15 min, or until the top layer of paraffin was warmed 

and slightly softened. This promoted adherence of the tissue cores to the walls of the 

holes in the TMA block. The block was then levelled to ensure that the maximum number 

of sections would include all cores (Figure 2.3). A ‘map’ of each TMA was constructed 

using Microsoft Excel to ensure correct identification of each tissue core when scoring 

the IHC using light microscopy. Where possible, 3 tissue cores were taken from both 

tumour areas.  
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Figure 2.3 Example of a completed TMA block. 
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2.3.3 Tissue Micro-Array Sectioning  
 

Each TMA block was placed in Mollifex prior to sectioning to increase the ease and 

accuracy of cutting. A microtome was used to cut sections of 4 µm thickness, which were 

mounted on charged glass slides before baking for 2 h at 60°C.  

 

2.3.4 Immunohistochemistry (IHC) on the Roche Ventana 

Benchmark Ultra Autostainer System 
 

IHC is a technique by which antigens on the cell surface can be localised using specific 

antibodies. The site of this antigen-antibody reaction is demonstrated by direct labelling 

of the antibody or using a secondary labelling method. The site of interaction is marked 

by a chromogenic reaction, which can be visualised using a microscope. A research 

collaboration was established with the IHC laboratory in SJH, through which 6 

immunostains were performed using the Benchmark Ultra IHC/ISH System (Roche, 

Ventana, Arizona, USA). Antibody optimization for CD133 is detailed in Section 2.3.4.  

TMA sections were prepared as described in Section 2.3.2. A unique protocol was 

designed for each antibody, as determined by prior antibody optimization efforts (Table 

2.20). Unique barcoded labels corresponding to each IHC protocol were printed and 

attached to each slide. The slides were inserted into the instrument along with the required 

reagents. The detection method used for all antibodies was the Optiview DAB IHC 

detection Kit (Ventana). This kit is used to detect mouse and rabbit primary antibodies 

which are bound to a specific antigen in FFPE tissue. This primary antibody is then 

located using a secondary antibody bound to an enzyme-labelled tertiary antibody, which 

in turn is visualised with hydrogen peroxide (H2O2) and 3, 3’-diaminobenzidine 
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tetrahydrochloride (DAB) (Figure 2.4). DAB produces a brown precipitate that is 

visualised on light microscopy.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.4 Mechanism of Antigen Detection Using the Optiview DAB Detection Kit. 

Adapted from the Optiview DAB detection kit product specification kit by Ventana. 
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All protocols included a pre-treatment step with cell conditioning solution 1 (CC1). Once 

the staining was complete, slides were rinsed in lukewarm water mixed with weak 

detergent before being placed in reverse osmosis deionized (RODI) H2O. They were then 

washed 3 times in EtOH followed by 3 washes in Xylene, before cover slipping and 

microscopic analysis. Antibody-specific control tissues were stained in addition to the 

TMA sections for validation purposes (Table 2.21). 

 

Table 2.20: Primary antibodies. 

Primary Antibody Name Pre-

Treatment 

Primary 

Antibody 

Incubation 

Time 

Company Reference 

Code 

Anti-Vimentin (V9) Mouse 

mAb 

CC1  

48 min 

16 min Cell 

Marque 

790-2917 

Anti-CD34 (QBEnd/10) Mouse 

mAb 

CC1  

16 min 

16 min Ventana  790-2927 

Anti-Ep-cam (Ber-EP4) Mouse 

mAb 

CC1  

32 min 

15 min Cell 

Marque 

CMC43830050 

Anti-Oct-4 (MRQ-10) Mouse 

mAb 

CC1  

32 min 

16 min Cell 

Marque 

CMC30921040 

Anti-E-cadherin (36) Mouse 

mAb 

CC1  

40 min 

12 min Ventana 790-4497 
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Table 2.21: Primary antibody control tissues. 

Primary Antibody Name Control Tissue 

Anti-Vimentin (V9) Mouse mAb Colon 

Anti-CD34 (QBEnd/10) Mouse mAb Colon 

Anti-EpCAM (Ber-EP4) Mouse mAb Colonic adenocarcinoma 

Anti-Oct-4 (MRQ-10) Mouse mAb Seminoma 

Anti-E-cadherin (36) Mouse mAb Breast DCIS 

Anti-CD133 Rabbit mAb Kidney 

 

 

2.3.5 Antibody Optimization 
 

Manual antibody optimization was performed for two primary antibodies: CD133 and 

ALDH1A1. Optimization was performed using known positive and negative control 

tissues for each antibody (Table 2.22). The antibody protocols provided by Cell 

Signalling Technology were followed and adapted as required.  

 

Table 2.22: Primary antibody positive and negative control tissues. 

Primary Antibody Name Positive Control Tissue Negative Control Tissue 

Anti-CD133 Rabbit mAb Kidney Oesophagus 

Anti-ALDH1A1 Rabbit mAb Stomach Appendix 
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Deparaffinization and Rehydration 

Four µm sections from a block containing antibody specific positive and negative control 

tissues were cut using a microtome, mounted on charged glass slides and baked for 2 h 

at 60°C. The sections were deparaffinized and rehydrated by washing 3 times in xylene 

for 5 min each, followed by two 10 min washes in 100% EtOH, two 10 min washes in 

95% ethanol and finally two 5 min washes in RODI H2O.  

 

Antigen Retrieval 

The slides were submerged in 1X citrate unmasking solution (Cell Signalling 

Technology, MA, USA) until boiling, followed by 10 min at sub-boiling temperatures 

(95-98°C) before cooling on the bench at room temperature for 30 min.  

 

Peroxide Block 

Sections were washed in RODI water three times for 5 min each, before incubating in 3% 

H2O2 for 10 min. The sections were then washed twice in RODI H2O for 5 min, followed 

by washing in Tris Buffered Saline with Tween (TBST) (Cell Signalling Technology) for 

5 min.  

 

Protein Block 

The tissue on the slide was outlined with a Dako hydrophobic pen (Agilent, CA, USA) 

before blocking with 100-400 µL 1X animal free blocking solution (Cell Signalling 

Technology) for 1 h at room temperature.  
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Primary Antibody Incubation 

The blocking solution was removed and 100-400 µL primary antibody diluted in 

SignalStain antibody diluent (Cell Signalling Technology) was applied to each section as 

required (Table 2.23). Rabbit Monoclonal Negative Control (Ventana) was applied to one 

section of control tissue in place of a primary antibody for validation purposes. These 

sections were incubated with the primary antibody or negative control overnight at 4°C.  

 

Secondary Antibody Detection and Visualization  

The following day the antibody solution was removed, and the sections were washed in 

TBST three times for 5 min. Each section was covered with 1-3 drops of SignalStain 

boost detection reagent (Cell Signalling Technology) and incubated in a humidified 

chamber for 30 min at room temperature, before three 5 min washes in TBST. Next, 100-

400 µL SignalStain DAB (Cell Signalling Technology) was applied to each section, and 

closely monitored for 1-10 minutes until the chromogenic reaction became visible.  

 

Counterstaining, Dehydration and Cover Slipping 

The slides were then immersed in RODI water and counterstained for 30 sec in 

haematoxylin followed by two subsequent 5 min washes in RODI water. Finally, the 

slides were dehydrated by incubating twice in 95% EtOH for 10 sec, then twice in 100% 

EtOH for 10 sec, then twice in xylene for 10 sec. The sections were mounted, and cover 

slipped using Vectamount (Vector Laboratories, CA, USA). 
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Table 2.23 Antibody optimization. 

 CD133 ALDH1A1 

Variable Dilution Antigen Retrieval Antibody 

Incubation  

Dilution Antibody 

Incubation 

Optimization Run 

1 

1:300 

1:400 

1:500 

Heat in 1X citrate 

unmasking 

solution until 

boiling, followed 

by 10 min at 95-

98°C 

Overnight 

at 4°C 

1:100 

1:200 

1:300 

Overnight at 

4°C 

Optimization Run 

2 

1:400  1 h at room 

temp 

  

Optimization Run 

3 

1:100 

1:150 

1:200 

CC1 32 min at 

100°C 

CC1 32 min at 

100°C 

CC1 64 min at 

100°C 

16 min at 

36°C 

32 min at 

36°C 

16 min at 

36°C 

  

 

ALDH1A1 staining was optimized at 1:200 dilution with antibody incubation overnight 

at 4°C. A chromogenic response with SignalStain DAB was observed after approx. 2 min. 

CD133 optimization was achieved at 1:100 dilution, CC1 32 min and antibody incubation 

time 32 min (Table 2.22). Optimization runs 1 and 2 were performed manually; run 3 was 

conducted on the Benchmark Ultra IHC/ISH System using programmed protocols. In run 

3 each antibody dilution was trialled under the three different pre-treatment/antibody 

incubation settings listed in Table 2.23: a total of 9 optimization tests. The Optiview DAB 

IHC detection Kit reagents described in Section 2.3.4 were used in run 3 instead of the 



117 
 

reagents in the protocol detailed earlier in this section. Following optimization, TMA 

sections were cut as described in Section 2.3.3 and stained with ALDH1A1 and CD133 

according to their optimized protocols.  

 

2.3.6 TMA Scoring 
 

Once stained and cover slipped, all H&E and IHC TMA sections were scanned using the 

NanoZoomer 2.0RS digital scanner and NanoZoomer Digital Pathology (NDP) scanning 

software (Hamamatsu, Japan). The slides were viewed using the NDP.view2 viewing 

software (Hamamatsu). TMA cores were identified and marked on the system, directed 

by the TMA maps compiled at the time of TMA construction (Section 2.3.2). A semi-

quantitative scoring system was used for each IHC marker, as described in Chapter 3, 

and each IHC was independently assessed by two Histopathologists, with discordant 

cases co-reviewed to reach consensus.  

 

2.4 Statistical Analysis 

The data collected was checked for consistency and completeness before being entered 

into the database software. IBM SPSS Statistics Version 25 was used for univariate 

analyses. Data summarization and analysis was performed using descriptive statistics. 

Paired samples were compared using a Wilcoxon matched pairs test. Analyses of nominal 

and ordinal data were performed using Mann-Whitney U and Kruskal-Wallis tests. 

Continuous data was analysed using the Pearson correlation coefficient and Spearman’s 

rank correlation.  
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Multivariate analyses were performed using programming software R. Survival outcomes 

were analysed using a Cox proportional hazard model and Kaplan Meier curves. A 

predictive analysis was performed using a random forest model to incorporate all 

expression data.  
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Chapter Three: Expression Profiling in 

Histologically Defined Areas of 

Gastroesophageal Junction 

Adenocarcinoma 
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3.1 Study Population 
 

The patient cohort for this study initially comprised 80 formalin fixed (10% buffered 

formalin) paraffin embedded (FFPE) gastrectomy and oesophagectomy specimens 

excised as per surgical management of gastroesophageal junction adenocarcinoma 

(GEJA) – as defined endoscopically as Siewert stage 1-3 – in SJH between 2011-2018. 

One case was excluded from the study cohort due to an insufficient sample (Figure 3.1). 

Samples were included in the study irrespective of whether they received NAT (87.3% 

of patients (69/79)) or not. Each sample contained viable tumour cells and was at least 

stage (y)pT1b.  

Histology slides from each case were reviewed to select two separate areas within the 

same tumour: one sample was deemed ‘lower grade’, as defined by better histological 

differentiation and/or less infiltrative portion of tumour; and the other sample ‘higher 

grade’, defined as poor histological differentiation and/or location within the infiltrative 

or pushing tumour edge (Figure 3.2). The infiltrative tumour edge was chosen for ‘higher 

grade’ samples because these cells are most likely to undergo EMT. The post-operative 

pathology reports and clinical charts were reviewed to collect relevant 

clinicopathological data for each patient. The clinical characteristics of the final 79 

patient samples used in this study are listed in Table 3.1. 

Paired samples were taken from 58 cases. Due to a variability in response to NAT not all 

tumours had two histologically distinct areas of tumour: 21 cases, all of which were post-

NAT, had an unpaired tumour sample taken which was classified as ‘higher grade’ due 

to its poor differentiation status. Three cases – 2 paired and 1 unpaired – were 

inadequately captured using LCM extraction of tumour cells but were successfully 

sampled within the study TMAs. These cases were therefore only included in the protein 
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analysis portion of the study. Accordingly, 56 paired and 20 unpaired cases were used in 

the mRNA and miRNA analyses.  

 

 

 

 

 

 

 

 

 

 

  

 

 

 

Figure 3.1 Flow chart depicting the classification of tumour samples included in the 

study.  

 

 

Classification of Cases Included in this 

Study 
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Figure 3.2: Sampling of histologically defined areas of tumour. Image A is a 

representative section of tumour demonstrating areas sampled for LCM and construction 

of TMA (0.61X magnification). Image B (blue square) highlights better differentiated 

and less infiltrative area of tumour, categorized as ‘lower grade’ throughout the study 

(5X magnification). Image C (red square) highlights poorly differentiated tumour located 

at the infiltrative edge, categorized as an ‘higher grade’ area of tumour throughout the 

study (5X magnification). Sections were stained with H&E.  
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Table 3.1 Clinicopathological Characteristics of Study Population. 

Patient Characteristic n (%) 

Age at Diagnosis  

Range 38-84 years 

Average 66 years 

Median 67 years 

Sex 

Male 

Female 

 

69 (87.3) 

10 (12.7) 

Disease Recurrence 

Yes 

No 

 

45 (57) 

34 (43) 

Disease Free Survival Post Primary 

Surgery 

 

Range 45-1347 days 

Average 378 days 

Median 216 days 

Overall Survival  

Range 150-1575 days 

Average 614 days 

Median 510 days 

Macroscopic Tumour Size  

Range 8-145 mm 

Average 41.7 mm 

Median 40 mm 

Lymphovascular Invasion 

Yes 

No 

 

56 (70.9) 

23 (29.1) 

Perineural Invasion 

Yes 

No 

 

13 (16.5) 

66 (83.5) 

Serosal Involvement 

Yes 

No 

 

24 (30.4) 

55 (69.6) 

Neoadjuvant Therapy 

Yes 

 

 

 

 

 

No 

 

69 (87.3) 

          26 MAGIC 

          18 CROSS 

          3 EOX 

          2 FLOT 

          20 Other 

10 (12.7) 

Adjuvant Therapy 

Yes 

No 

 

29 (36.7) 

50 (63.3) 
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Table 3.1 Clinicopathological Characteristics of Study Population. 

 

 

Patient Characteristic n (%) 

Pathological T Stage 

(y)pT1 

(y)pT2 

(y)pT3 

(y)pT4a 

(y)pT4b 

 

0 (0) 

12 (15.2) 

58 (73.4) 

8 (10.1) 

1 (1.3) 

Pathological N Stage 

(y)pN0 

(y)pN1 

(y)pN2 

(y)pN3 

(y)pN3a 

(y)pN3b 

 

23 (29.1) 

18 (22.8) 

21 (26.6) 

12 (15.2) 

5 (6.3) 

0 (0) 

Pathological M Stage 

(y)pMX 

(y)pM0 

(y)pM1 

 

75 (94.9) 

1 (1.3) 

3 (3.8) 

Siewert Classification 

1 

2 

3 

Unknown 

 

24 (30.4) 

26 (32.9) 

26 (32.9) 

3 (3.8) 

Tumour Regression Grade 

1 

2 

3 

4 

5 

Unknown 

Not Applicable 

 

0 (0) 

3 (3.8) 

16 (20.3) 

34 (43) 

14 (17.7) 

2 (2.5) 

10 (12.7) 

HER2 Status 

Positive 

Negative 

Unknown 

 

9 (11.4) 

31 (39.2) 

39 (49.4) 

Resected Tumour Differentiation by 

Predominant Area 

Well Differentiated 

Moderately Differentiated 

Poorly Differentiated 

Not Applicable (Mucinous) 

 

 

5 (6.3) 

26 (32.9) 

47 (59.5) 

1 (1.3) 



125 
 

3.2 Gene Expression Analysis 
 

3.2.1 Validation of Endogenous Control Gene for mRNA 

Expression Analysis 
 

A review of the literature was performed to identify the most commonly used endogenous 

control genes in mRNA expression analyses of carcinoma specimens. No information 

was found regarding a specific housekeeper gene for GEJA. Glyceraldehyde 3-Phosphate 

Dehydrogenase (GAPDH) was identified as a robust housekeeper across a range of 

human malignancies (ThermoFisher, 2019). A previous study performed in our 

institution used Cyclin Dependent Kinase Inhibitor 1B (CDKN1B) as an endogenous 

control for qPCR studies to great effect (Denning et al., 2007). Accordingly, both 

GAPDH and CDKN1B were tested as candidate endogenous control genes.  

Ten tumour samples, which included representative samples from both ‘lower grade’ and 

‘higher grade’ categories, were trialled with CDKN1B and GAPDH in addition to the 

target genes for the study: Cadherin-1 (CDH1), NANOG, POU Class 5 Homeobox 1 

(POU5F1), Vimentin and Serpine-1 (Methods Section 2.1.6). The raw cycle threshold 

(CT) average was compared across the samples to demonstrate the variability in gene 

expression, both within and between samples. CDKN1B expression was highly variable 

between samples, with no expression observed in 9 out of 10 cases. By comparison, 

GAPDH was expressed across all samples, with comparable CT values (Figure 3.3). 

Therefore, GAPDH was chosen as the endogenous control gene for this study.  
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Figure 3.3 Amplification plot and box and whisker plot showing expression of GAPDH 

and CDKN1B across ten RNA samples. Data graphed as mean +/- SEM.  

  



127 
 

3.2.2 Differential Expression of Genes in Paired Samples 
 

qPCR was used to examine the expression of a panel of genes in GEJA, which are 

associated with EMT and stemness. Samples were normalized to GAPDH to correct for 

systematic variables. One pair failed QC and was therefore excluded, thus only 55 pairs 

were analysed. Where present, the direction of change in expression was recorded from 

‘lower grade’ to ‘higher grade’ samples (Appendix 1.1). Pairwise analysis was performed 

for each gene using a Wilcoxon matched pair’s test. No significant change in expression 

was observed in any gene (Figures 3.5 and 3.6).  

Table 3.2 demonstrates the patterns of gene expression in paired samples. Vimentin and 

CDH1 were expressed in only a minority of paired samples. Vimentin was expressed in 

21 pairs, 38.1% (8/21) of which showed an increase in expression. CDH1 was expressed 

in only 8 pairs, of which 87.5% (7/8) showed a decrease in expression. The expression 

patterns of NANOG and POU5F1 were comparable within paired samples: NANOG was 

expressed in 53 pairs, with upregulation in expression seen in 56.6% (30/53), whilst 

POU5F1 was expressed in 55 pairs, of which 56.4% (31/55) showed an increase in 

expression. Serpine-1 expression was seen in only 2 pairs: 1 increased and 1 decreased. 

Figure 3.4 depicts the degree of fold change between paired samples. Fold change values 

for each case are available in Appendix 1.2. Of note, fold change could not be calculated 

for pairs with expression recorded in only one sample.  
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Table 3.2 Patterns of Gene Expression in Paired Samples. 

 No Expression 

in Both 

Samples 

Increase in 

Expression 

Decrease in 

Expression 

One or Both 

Samples Not 

Analysed 

Vimentin 34 8 13 3 

CDH1 47 1 7 3 

NANOG 2 30 23 3 

POU5F1 0 31 24 3 

Serpine-1 49 1 1 7 

 

 

 

Figure 3.4 Heatmap showing the fold change in gene expression between paired ‘lower 

grade’ and ‘higher grade’ samples. Data is expressed as log RQ values in a distance 

matrix. Image generated using the online web tool ‘Heatmapper’.  
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Figure 3.5 Box and whisker plots showing the difference in log RQ values of gene 

expression associated with EMT between paired lower grade and higher grade areas of 

tumour. A = Vimentin, B = CDH1. No statistically significant differential expression was 

observed in either gene. Statistical significance: Wilcoxon matched pairs test, p<0.05. 

Data graphed as mean, median, range and interquartile range. X represents the mean. The 

central horizontal line represents the median. Where present, the top line represents the 

first quartile and the bottom line represents the third quartile. The whiskers denote the 

maximum and minimum values. 

 

 

A 

B 
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Figure 3.6 Box and whisker plots showing the difference in log RQ values of gene 

expression associated with stemness between paired lower grade and higher grade areas 

of tumour. A = NANOG, B = POU5F1. No statistically significant differential expression 

was observed in either gene. Statistical significance: Wilcoxon matched pairs test, 

p<0.05. Data graphed as mean, median, range and interquartile range. X represents the 

mean. The central horizontal line represents the median. Where present, the top line 

represents the first quartile and the bottom line represents the third quartile. The whiskers 

denote the maximum and minimum values. 

A 

B 



131 
 

3.2.3 Association Between Clinicopathological Characteristics 

and Gene Expression in ‘Higher Grade’ Tumour Samples 

 

‘Higher grade’ samples were analysed from each patient to determine the presence of any 

significant correlation between gene expression patterns and clinicopathological 

characteristics. Statistical analyses of nominal and ordinal data were performed using 

Mann-Whitney U and Kruskal-Wallis tests. Continuous data was analysed using the 

Pearson correlation coefficient and Spearman’s rank correlation.  

Vimentin expression was shown to decrease with increasing tumour regression grade 

(p=0.023, Table 3.3). Its expression was also shown to have a significant lack of 

association with age at diagnosis (p=0.029, r= -0.257, Table 3.5). No other gene in this 

panel showed a significant association with any clinicopathological feature. A strong 

association was identified between NANOG expression levels and tumour involvement 

of the serosa (p=0.096) and lymph node metastases (p=0.093) (Table 3.4). 
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Table 3.3 Correlation Between Clinicopathological Characteristics and Gene Expression Associated with EMT and Metastasis. 

* Cases with TRG 1 were excluded from the study as they fall under the category of (y)pT0. ** Interquartile Range (Quartile 1 – Quartile 3). 

 

 

 Vimentin CDH1 Serpine-1 

 Cases (n) Median (IQR)** p Cases (n) Median (IQR)** p Cases (n) Median (IQR)** p 

Disease 

Recurrence 

Yes 

No 

 

 

42 

30 

 

 

0 (0-0.064) 

0 (0-0.033) 

 

 

0.569 

 

 

42 

30 

 

 

0 (0-0) 

0 (0-0) 

 

 

0.731 

 

 

38 

29 

 

 

0 (0-0) 

0 (0-0) 

 

 

0.864 

TRG* 

2 

3 

4 

5 

 

2 

15 

30 

13 

 

2.783 (2.621-2.944) 

0 (0-0.808) 

0 (0-0) 

0 (0-0) 

 

0.023 

 

2 

15 

30 

13 

 

0 (0-0) 

0 (0-0) 

0 (0-0) 

0 (0-0) 

 

0.668 

 

2 

14 

29 

13 

 

0 (0-0) 

0 (0-0) 

0 (0-0) 

0 (0-0) 

 

0.788 

LVI 

Yes 

No 

 

50 

22 

 

0 (0-0) 

0 (0-0.94625) 

 

0.120 

 

50 

22 

 

0 (0-0) 

0 (0-0) 

 

0.175 

 

48 

19 

 

0 (0-0) 

0 (0-0) 

 

0.370 

PNI 

Yes 

No 

 

10 

62 

 

0 (0-0.0248) 

0 (0-0.064) 

 

1.000 

 

10 

62 

 

0 (0-0) 

0 (0-0) 

 

0.499 

 

10 

57 

 

0 (0-0) 

0 (0-0) 

 

0.170 

Serosal 

Involvement 

Yes 

No 

 

 

22 

50 

 

 

0 (0-0) 

0 (0-0.280) 

 

 

0.337 

 

 

22 

50 

 

 

0 (0-0) 

0 (0-0) 

 

 

0.841 

 

 

21 

46 

 

 

0 (0-0) 

0 (0-0) 

 

 

0.336 

HER2 Status 

Positive 

Negative 

 

8 

30 

 

0 (0-0) 

0 (0-0.656) 

 

0.121 

 

8 

30 

 

0 (0-0) 

0 (0-0) 

 

0.902 

 

7 

28 

 

0 (0-0) 

0 (0-0) 

 

0.888 

Siewert 

Classification 

I 

II 

III 

 

 

21 

23 

25 

 

 

0 (0-0) 

0 (0-0) 

0 (0-0.735) 

 

0.189 

 

 

21 

23 

25 

 

 

0 (0-0) 

0 (0-0) 

0 (0-0) 

 

0.343 

 

 

21 

23 

20 

 

 

0 (0-0) 

0 (0-0) 

0 (0-0) 

 

0.564 

T Stage 

T0 

Tis, T1-2 

T3-4 

 

0 

10 

62 

 

0 (0-0) 

0 (0-0.033) 

0 (0-0.064) 

 

0.745 

 

0 

10 

62 

 

0 (0-0) 

0 (0-0) 

0 (0-0) 

 

0.525 

 

0 

10 

57 

 

0 (0-0) 

0 (0-0) 

0 (0-0) 

 

0.727 

N Stage 

N0 

N+ 

 

21 

51 

 

0 (0-0.017) 

0 (0-0.417) 

 

0.284 

 

21 

51 

 

0 (0-0) 

0 (0-0) 

 

0.839 

 

20 

47 

 

0 (0-0) 

0 (0-0) 

 

0.353 
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Table 3.4 Correlation Between Clinicopathological Characteristics and Gene Expression Associated with Stemness. 

* Cases with TRG 1 were excluded from the study as they fall under the category of (y)pT0. ** Interquartile Range (Quartile 1 – Quartile 3). 

 NANOG POU5F1 

 Cases (n) Median (IQR)** p Cases (n) Median (IQR)** p 

Disease Recurrence 

Yes 

No 

 

42 

30 

 

0.972 (0.399-2.784) 

1.861 (0.711-4.021) 

 

0.163 

 

42 

30 

 

1.458 (0.388-4.212) 

1.898 (0.965-4.332) 

 

0.465 

TRG* 

2 

3 

4 

5 

 

2 

15 

30 

13 

 

0.641 (0.350-0.931) 

1 (0.319-3.369) 

0.594 (0.187-2.495) 

2.669 (1.516-2.966) 

 

0.142 

 

2 

15 

30 

13 

 

0.854 (0.673-1.034) 

1.318 (0.491-4.01) 

1.861 (0.41-3.877) 

3.234 (0.953-5.503) 

 

0.304 

LVI 

Yes 

No 

 

50 

22 

 

1.336 (0.462-2.885) 

1.763 (0.436-2.701) 

 

0.961 

 

50 

22 

 

1.861 (0.61-4.273) 

1.705 (0.777-4.271) 

 

0.980 

PNI 

Yes 

No 

 

10 

62 

 

2.472 (0.594-4.022) 

1.336 (0.436-2.842) 

 

0.454 

 

10 

62 

 

2.351 (1.334-3.445) 

1.599 (0.521-4.359) 

 

0.416 

Serosal Involvement 

Yes 

No 

 

22 

50 

 

1.878 (0.731-3.247) 

1.111 (0.236-2.751) 

 

0.096 

 

22 

50 

 

2.107 (0.69-5.958) 

1.705 (0.61-4.130) 

 

0.549 

HER2 Status 

Positive 

Negative 

 

8 

30 

 

0.95 (0.476-2.545) 

0.788 (0.158-2.774) 

 

0.661 

 

8 

30 

 

2.357 (0.3-4.337) 

0.9 (0.422-4.201) 

 

0.902 

Siewert Classification 

I 

II 

III 

 

21 

23 

25 

 

1.939 (0.858-2.87) 

1.516 (0.504-2.762) 

0.832 (0.322-2.966) 

 

0.804 

 

21 

23 

25 

 

2.07 (1-4.3) 

1.745 (0.886-4.27) 

1.256 (0.311-3.948) 

 

0.349 

T Stage 

T0 

Tis, T1-2 

T3-4 

 

0 

10 

62 

 

0 (0-0) 

1.116 (0.520-2.573) 

1.506 (0.436-2.947) 

 

0.803 

 

0 

10 

62 

 

0 (0-0) 

1.831 (0.87-3.858) 

1.688 (0.633-4.273) 

 

0.782 

N Stage 

N0 

N+ 

 

21 

51 

 

2.263 (0.832-4.519) 

1.221 (0.405-2.801) 

 

0.093 

 

21 

51 

 

1.917 (0.605-4.191) 

1.384 (0.641-4.377) 

 

0.926 
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Table 3.5 Correlation Between Age, Tumour Size and Gene Expression.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 NANOG POU5F1 Vimentin CDH1 Serpine1 

Age at Diagnosis 

Pearson correlation (r) 

Number (n) 

Significance (p) 

 

0.006 

72 

0.960 

 

-0.062 

72 

0.608 

 

-0.257 

72 

0.029 

 

-0.183 

72 

0.123 

 

0.040 

67 

0.745 

Macroscopic Tumour Size 

Spearman correlation (ρ) 

Number (n) 

Significance (p) 

 

0.078 

65 

0.535 

 

0.049 

65 

0.698 

 

-0.081 

65 

0.520 

 

-0.103 

65 

0.412 

 

-0.081 

60 

0.538 



135 
 

3.3 MicroRNA Expression Analysis 
 

3.3.1 Determining a Method of Normalization for miRNA 

Expression Analysis 
 

There is no consensus as to the most reliable normalization strategy for use in 

quantification of miRNA transcripts. Reference small nucleolar RNAs (snRNA) such as 

U6 and 5S have been commonly used as normalizers until recently, yet they were not 

chosen for this study due to a growing body of evidence suggesting that miRNAs should 

be normalized using the same class of biomarker (Peltier & Latham, 2008; Vandesompele 

et al., 2002). Furthermore, these snRNAs were unavailable for use with the TaqMan® 

Advanced miRNA Assays. 

As directed by the technical guide for TaqMan® Advanced miRNA Assays and a 

thorough search of the published literature, a panel of 12 candidate miRNAs was chosen, 

of which 11 were known to play a role in regulating EMT and/or stemness. This list 

included 3 miRNAs which have been shown to be consistently expressed across a range 

of human tissues, with the assumption that one or all would be consistently expressed 

across all tumour samples: hsa-miR-16-5p, hsa-miR-103a-3p and hsa-miR-17-5p 

(Landgraf et al., 2007; Peltier & Latham, 2008). 

Following qPCR analysis, none of the miRNAs in the chosen panel were expressed in all 

tumour samples. Therefore, alternative options for data normalization were considered: 

to use GAPDH expression data from the mRNA analysis as a normalizer, given that the 

same RNA samples were analysed in both studies; or to employ global normalization, in 

which the median CT values of miRNA assays are used as a normalization factor on an 

individual sample basis.  
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GAPDH was deemed an inappropriate normalizer for miRNAs because it is in a different 

biomarker class. Additionally, the expression levels of GAPDH were not truly 

comparable between the mRNA and miRNA studies because the methods of generating 

cDNA differ in each. Thus, global normalization was chosen as the optimal means of 

normalization. Whilst it is preferable to use global normalization in studies which analyse 

large numbers of miRNAs, previous studies have used this method in the absence of a 

stable reference gene (Faraldi et al., 2019). 

 

3.3.2 Differential Expression of miRNAs in Paired Samples 
 

qPCR was used to investigate the expression of miRNAs in GEJA, which are known to 

be upregulated or downregulated in association with EMT and/or acquisition of stemness 

traits across a range of epithelial malignancies. Five miRNAs were expected to be 

upregulated in ‘higher grade’ samples: miR-10b, miR-21, miR-221 miR-223 and miR-

224 (Chai et al., 2019; Z. Chen et al., 2013; Knoll et al., 2014; B. Liu et al., 2018; Ma et 

al., 2015; Sheedy & Medarova, 2018). By comparison, 6 miRNAs were expected to be 

downregulated in the same samples: miR-16, miR-17, miR-203a, miR-200a, miR-133b 

and miR-141 (Z. Chen et al., 2013; L. L. Fang et al., 2017; Lynam-Lennon et al., 2017; 

Taube et al., 2013; T. Wang et al., 2017). MiR-103a was included in the study as a 

potential internal control. 

Global normalization was used to normalize all samples. A total of 56 paired samples 

were suitable for miRNA expression analysis. No expression was detected in any sample 

for miR-103a, miR-203a and miR-133b, thus they were excluded from the following 

analysis. Where present, the direction of change in expression was recorded from ‘lower 
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grade’ to ‘higher grade’ samples (Appendix 1.3). Pairwise analysis was performed for 

each miRNA using a Wilcoxon matched pairs test.  

miR-221 was shown to be significantly upregulated in ‘higher grade’ samples compared 

to ‘lower grade’ (p=0.002). No other miRNA in this panel showed a significant change 

in expression within paired samples (Figure 3.8). miR-221 was expressed in 36 paired 

samples, of which 66.7% (24/36) were upregulated. miR-224 was expressed in 37 pairs 

and was upregulated in 54.1% (20/37), whilst miR-16 was downregulated in 57.7% of 

pairs with differential expression (15/26). miR-10b, miR-21, miR-223 and miR-17 were 

each upregulated and downregulated in equal proportion within pairs with differential 

expression. miR-141 and miR-200a were both upregulated in the pairs which had 

differential expression: miR-141 increased in 52.5% of cases (21/40) and miR-200a 

increased in 53.3% (24/45) (Table 3.6). Figure 3.7 depicts the degree of fold change 

between paired samples. Fold change values for each case are available in Appendix 1.4. 

Of note, fold change could not be calculated for pairs with expression recorded in only 

one sample. 
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Table 3.6 Patterns of miRNA Expression in Paired Samples. 

 No 

Expression 

in Both 

Samples 

Equal 

Positive 

Expression 

Increase in 

Expression 

Decrease in 

Expression 

One or 

Both 

Samples 

Not 

Analysed 

miR-10b 45 0 5 5 3 

miR-21 9 1 23 23 2 

miR-223 48 0 4 4 2 

miR-224 19 0 20 17 2 

miR-221 19 1 24 12 2 

miR-16 30 0 11 15 2 

miR-17 36 0 10 10 2 

miR-141 14 0 21 19 4 

miR-200a 10 1 24 21 2 

 

 

 

 

Figure 3.7 Heatmap showing the fold change in miRNA expression between paired 

‘lower grade’ and ‘higher grade’ samples. Data is expressed as log RQ values in a 

distance matrix. Image generated using the online web tool ‘Heatmapper’.  
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Figure 3.8 Box and whisker plots showing the difference in log RQ values of miRNA 

expression between paired lower grade and higher grade areas of tumour. A = miR-10b, 

B = miR-223, C = miR-21, D = miR-224, E = miR-221, F = miR-16, G = miR-17, H = 

miR-141, I = miR-200a. miR-221 showed a statistically significant change in expression 

between paired samples (p=0.002). No other miRNA showed a significant difference in 

expression. Wilcoxon matched pairs test, p<0.05. Data graphed as mean, median, range 

and interquartile range. X represents the mean. The central horizontal line represents the 

median. Where present, the top line represents the first quartile and the bottom line 

represents the third quartile. The whiskers denote the maximum and minimum values. 
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3.3.3 Association Between Clinicopathological Characteristics 

and miRNA Expression in ‘Higher Grade’ Tumour Samples  
 

‘Higher grade’ samples were analysed from all cases to determine the presence of any 

significant correlation between miRNA expression and clinicopathological 

characteristics. Statistical analysis was performed as outlined in Section 3.2.3.  

miR-21 was significantly associated with disease recurrence (p=0.001) and a higher 

tumour regression grade (TRG) (p=0.002). miR-221 also showed a significant correlation 

with disease recurrence (p=0.042). miR-224 expression was significantly associated with 

disease recurrence (p=0.021) and strongly correlated with higher TRG groups (p=0.052). 

(Table 3.7). Higher miR-141 expression levels were associated with HER2 positivity 

(p=0.05) (Table 3.8). No other miRNA in this panel showed a significant association with 

any clinicopathological characteristic. 
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Table 3.7 Correlation Between Clinicopathological Characteristics and miRNAs Upregulated in EMT and Stemness. 

* Cases with TRG 1 were excluded from the study as they fall under the category of (y)pT0. ** Interquartile Range (Quartile 1 – Quartile 3).

 miR-223 miR-224 miR-21 miR-221 miR-10b 

 Cases 

(n) 

Median (IQR)** p Cases 

(n) 

Median (IQR)** p Cases 

(n) 

Median (IQR)** p Cases 

(n) 

Median (IQR)** p Cases 

(n) 

Median (IQR)** p 

Disease 

Recurrence 

Yes 

No 

 

 

44 

32 

 

 

0 (0-0) 

0 (0-0) 

 

 

0.204 

 

 

44 

32 

 

 

0.049 (0-1.413) 

0 (0-0.027) 

 

 

0.021 

 

 

44 

32 

 

 

0.2 (0.015- 0.967) 

0.015 (0-0.089) 

 

 

0.001 

 

 

44 

32 

 

 

0.008 (0-1.014) 

0 (0-0.031) 

 

 

0.042 

 

 

44 

32 

 

 

0 (0-0) 

0 (0-0) 

 

 

0.292 

TRG* 

2 

3 

4 

5 

 

3 

15 

32 

14 

 

0 (0-0) 

0 (0-0) 

0 (0-0) 

0 (0-0) 

 

0.455 

 

3 

15 

32 

14 

 

0 (0-0) 

0 (0-0) 

0.112 (0-1.367) 

0 (0-0.494) 

 

0.052 

 

3 

15 

32 

14 

 

0.187 (0.093-0.25) 

0 (0-0) 

0.115 (0.015-0.298) 

0.227 (0.015-0.942) 

 

0.002 

 

3 

15 

32 

14 

 

0 (0-0) 

0 (0-0.0834) 

0.152 (0-1.095) 

0 (0-0.146) 

 

0.144 

 

3 

15 

32 

14 

 

0 (0-0) 

0 (0-0) 

0 (0-0) 

0 (0-0) 

 

0.942 

LVI 

Yes 

No 

 

53 

23 

 

0 (0-0) 

0 (0-0) 

 

0.204 

 

53 

23 

 

0 (0-1.18) 

0 (0-0.901) 

 

0.878 

 

53 

23 

 

0.031 (0-0.295) 

0.172 (0-0.385) 

 

0.633 

 

53 

23 

 

0 (0-0.491) 

0 (0-0.152) 

 

0.696 

 

53 

23 

 

0 (0-0) 

0 (0-0) 

 

0.626 

PNI 

Yes 

No 

 

13 

63 

 

0 (0-0) 

0 (0-0) 

 

0.941 

 

13 

63 

 

0 (0-0.126) 

0 (0-1.204) 

 

0.295 

 

13 

63 

 

0.068 (0.015-0.178) 

0.043 (0-0.372) 

 

0.983 

 

13 

63 

 

0.068 (0.015-0.18) 

0.043 (0-0.372) 

 

0.806 

 

13 

63 

 

0 (0-0) 

0 (0-0) 

 

0.835 

Serosal 

Involvement 

Yes 

No 

 

 

23 

53 

 

 

0 (0-0) 

0 (0-0) 

 

 

0.476 

 

 

23 

53 

 

 

0 (0-0.727) 

0 (0-1.18) 

 

 

0.493 

 

 

23 

53 

 

 

0.147 (0.008-0.304) 

0.031 (0-0.399) 

 

 

0.708 

 

 

23 

53 

 

 

0 (0-0.152) 

0 (0-0.386) 

 

 

0.575 

 

 

23 

53 

 

 

0 (0-0) 

0 (0-0) 

 

 

0.130 

HER2 Status 

Positive 

Negative 

 

8 

31 

 

0 (0-0) 

0 (0-0) 

 

0.932 

 

8 

31 

 

0.049 (0-0.559) 

0 (0-0.981) 

0.986  

8 

31 

 

0.136 (0.03-0.636) 

0.187 (0-0.387) 

 

0.772 

 

8 

31 

 

0.193 (0-3.650) 

0 (0-0.814) 

 

0.746 

 

8 

31 

 

0 (0-0) 

0 (0-0) 

 

0.986 

Siewert 

Classification 

I 

II 

III 

 

 

22 

25 

26 

 

 

0 (0-0) 

0 (0-0) 

0 (0-0) 

 

 

0.086 

 

 

22 

25 

26 

 

 

0 (0-1.135) 

0 (0-1.648) 

0 (0-0.277) 

 

 

0.456 

 

 

22 

25 

26 

 

 

0.159 (0-0.568) 

0.015 (0-0.178) 

0.173 (0.014-0.356) 

 

 

0.387 

 

 

22 

25 

26 

 

 

0.073 (0-0.502) 

0 (0-0.152) 

0 (0-0.118) 

 

 

0.258 

 

 

22 

25 

26 

 

 

0 (0-0) 

0 (0-0) 

0 (0-0) 

 

 

0.694 

T Stage 

T0 

Tis, T1-2 

T3-4 

 

0 

11 

65 

 

0 (0-0) 

0 (0-0) 

0 (0-0) 

 

0.693 

 

0 

11 

65 

 

0 (0-0) 

0 (0-1.378) 

0 (0-0.961) 

 

0.205 

 

0 

11 

65 

 

0 (0-0) 

0.015 (0-0.175) 

0.098 (0-0.37) 

 

0.463 

 

0 

11 

65 

 

0 (0-0) 

0 (0-0.293) 

0 (0-0.307) 

 

0.944 

 

0 

11 

65 

 

0 (0-0) 

0 (0-0) 

0 (0-0) 

 

0.136 

N Stage 

N0 

N+ 

 

22 

54 

 

0 (0-0) 

0 (0-0) 

 

0.215 

 

22 

54 

 

0 (0-1.085) 

0 (0-0.990) 

 

0.851 

 

22 

54 

 

0.029 (0-0.278) 

0.084 (0-0.393) 

 

0.762 

 

22 

54 

 

0.003 (0-0.146) 

0 (0-0.465) 

 

0.794 

 

22 

54 

 

0 (0-0) 

0 (0-0) 

 

0.143 
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Table 3.8 Correlation Between Clinicopathological Characteristics and miRNAs Downregulated in EMT and Stemness. 

* Cases with TRG 1 were excluded from the study as they fall under the category of (y)pT0. ** Interquartile Range (Quartile 1 – Quartile 3).

 miR-16 miR-17 miR-200a miR-141 

 Cases 

(n) 

Median (IQR)** p Cases 

(n) 

Median (IQR)** p Cases 

(n) 

Median (IQR)** p Cases 

(n) 

Median (IQR)** p 

Disease Recurrence 

Yes 

No 

 

44 

32 

 

0 (0-0.098) 

0 (0-0.769) 

 

0.379 

 

44 

32 

 

0 (0-0) 

0 (0-0) 

 

0.301 

 

44 

32 

 

0.446 (0.022-1) 

0.012 (0-1) 

 

0.162 

 

43 

32 

 

0.838 (0-3.093) 

0.074 (0-2.523) 

 

0.205 

TRG* 

2 

3 

4 

5 

 

3 

15 

32 

14 

 

0 (0-0) 

0 (0-1.84) 

0 (0-0.241) 

0 (0-0.741) 

 

0.671 

 

3 

15 

32 

14 

 

0 (0-0) 

0 (0-0) 

0 (0-0) 

0 (0-0.0075) 

 

0.653 

 

3 

15 

32 

14 

 

0 (0-0.5) 

0.315 (0-1) 

0.282 (0.0134-1.041) 

0.180 (0-0.922) 

 

0.579 

 

3 

15 

32 

13 

 

0.402 (0.201-1.082) 

0 (0-0.502) 

1.1025 (0-3.702) 

0 (0-0.697) 

 

0.154 

LVI 

Yes 

No 

 

53 

23 

 

0 (0-0.235) 

0 (0-0.419) 

 

0.754 

 

53 

23 

 

0 (0-0) 

0 (0-0) 

 

0.947 

 

53 

23 

 

0.237 (0-1) 

0.472 (0.021-1) 

 

0.340 

 

52 

23 

 

0.149 (0-3.308) 

0.793 (0-2.066) 

 

0.778 

PNI 

Yes 

No 

 

13 

63 

 

0 (0-0.909) 

0 (0-0.165) 

 

0.819 

 

13 

63 

 

0 (0-0) 

0 (0-0) 

 

0.624 

 

13 

63 

 

0.1 (0-0.59) 

0.315 (0-1) 

 

0.413 

 

13 

62 

 

0 (0-4.282) 

0.587 (0-2.650) 

 

0.661 

Serosal Involvement 

Yes 

No 

 

23 

53 

 

0 (0-0.048) 

0 (0-0.774) 

 

0.573 

 

23 

53 

 

0 (0-0) 

0 (0-0) 

 

0.847 

 

23 

53 

 

0.59 (0-1) 

0.3 (0-1) 

 

0.737 

 

22 

53 

 

0.595 (0-2.525) 

0.15 (0-2.929) 

 

0.724 

HER2 Status 

Positive 

Negative 

 

8 

31 

 

0 (0-0.265) 

0 (0-0.955) 

 

0.905 

 

8 

31 

 

0 (0-0) 

0 (0-0) 

 

0.670 

 

8 

31 

 

0.286 (0.017-1.044) 

0.421 (0-1) 

 

0.851 

 

8 

30 

 

2.9845 (2.179-3.911) 

0.466 (0-1.878) 

 

0.050 

Siewert 

Classification 

I 

II 

III 

 

22 

25 

26 

 

0 (0-0.75) 

0 (0-0.462) 

0 (0-0.087) 

 

0.963 

 

22 

25 

26 

 

0 (0-0) 

0 (0-0) 

0 (0-0) 

 

0.449 

 

22 

25 

26 

 

0.222 (0-0.670) 

0.746 (0-1) 

0.273 (0-1) 

 

0.351 

 

22 

24 

26 

 

0.275 (0-1.740) 

0.595 (0-3.819) 

0.818 (0-3.339) 

 

0.782 

T Stage 

T0 

Tis, T1-2 

T3-4 

 

0 

11 

65 

 

0 (0-0) 

0 (0-1.075) 

0 (0-0.095) 

 

0.677 

 

0 

11 

65 

 

0 (0-0) 

0 (0-0) 

0 (0-0) 

 

0.596 

 

0 

11 

65 

 

0 (0-0) 

0.3 (0-0.736) 

0.307 (0-1) 

 

0.681 

 

0 

11 

64 

 

0 (0-0) 

0 (0-0.846) 

0.466 (0-3.020) 

 

0.578 

N Stage 

N0 

N+ 

 

22 

54 

 

0 (0-1.220) 

0 (0-0.071) 

 

0.226 

 

22 

54 

 

0 (0-0) 

0 (0-0) 

 

0.980 

 

22 

54 

 

0.669 (0.006-1) 

0.258 (0-0.949) 

 

0.455 

 

22 

53 

 

0.996 (0-3.345) 

0.402 (0-2.677) 

 

0.473 
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Table 3.9 Correlation Between Age, Tumour Size and miRNA Expression.  

 miR-16 miR-17 miR-21 miR-221 miR-10b miR-223 miR-200a miR-141 miR-224 

Age at Diagnosis 

Pearson correlation (r) 

Number (n) 

Significance (p) 

 

-0.164 

76 

0.157 

 

-0.190 

76 

0.099 

 

0.156 

76 

0.179 

 

0.009 

76 

0.937 

 

-0.006 

76 

0.962 

 

0.017 

76 

0.884 

 

0.077 

76 

0.508 

 

0.127 

75 

0.277 

 

0.074 

76 

0.526 

Macroscopic Tumour Size 

Spearman correlation (ρ) 

Number (n) 

Significance (p) 

 

-0.022 

69 

0.858 

 

-0.153 

60 

0.210 

 

0.118 

69 

0.333 

 

-0.030 

69 

0.804 

 

-0.101 

69 

0.408 

 

-0.015 

69 

0.904 

 

0.060 

69 

0.626 

 

0.135 

68 

0.274 

 

-0.087 

69 

0.477 
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3.4 Protein Expression Analysis 
 

3.4.1 Establishing a Scoring System for Immunohistochemical 

Markers 
 

Protein expression was determined using 7 immunohistochemical markers. Of these, 5 

had been previously optimized and validated for use in clinical practice: Epithelial cell 

adhesion molecule (EpCAM), Oct-4, CD34, E-cadherin and Vimentin. Aldehyde 

dehydrogenase 1 family, member A1 (ALDH1A1) and CD133 were optimized as part of 

this study and a semi-quantitative scoring system was used for each, as directed by 

validated scoring systems identified within published literature (Fedchenko & Reifenrath, 

2014; Yang et al., 2018; Zeppernick et al., 2008) (Table 3.10). CD133 staining was 

graded in two separate categories: the percentage of tumour cells stained and the topology 

of the positive staining cells, which reflects the arrangement of tumour cells as single 

cells or in clusters. All IHC stains were double scored by two Histopathologists. 

Discordant results were co-reviewed by both pathologists to reach a consensus. A 

Consultant Histopathologist reviewed approx. 10% of slides for quality control purposes. 
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Table 3.10 IHC Scoring Systems. 

Primary 

Antibody 

Staining Pattern Scoring System 

EpCAM Membranous 0 = no staining 

1 = weak/incomplete staining 

2 = moderate staining  

3 = strong staining 

E-cadherin Membranous 0 = no staining 

1 = positive staining 

Vimentin Cytoplasmic 0 = no staining 

1 = positive staining 

Oct-4 Nuclear 0 = no staining  

1 = positive nuclear staining  

CD34 Membranous 0 = no staining 

1 = positive staining 
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Table 3.10 IHC Scoring Systems. 

CD133 

(Zeppernick et 

al., 2008) 

Membranous / 

Perinuclear 

 

Luminal staining 

of glandular 

structures 

interpreted as 

negative 

Percentage Area: 

0 = <1% 

1 = 1-5% 

2 = 5-10% 

3 = 10-25% 

4 = 25-50% 

5 = >50% 

Topology: 

0 = no staining 

1 = single cells 

2 = single cells in clusters (≥5 cells) 

ALDH1A1 

(Yang et al., 

2018) 

Cytoplasmic 

 

Both scores are 

added together 

to give a final 

value. 

Intensity: 

0 = no staining 

1 = weak staining 

2 = moderate staining 

3 = strong staining 

Percentage Area: 

0 = <5% 

1 = 5-25% 

2 = 26-50% 

3 = 51-75% 

4 = >75% 
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3.4.2 Differential Expression of Proteins in Paired Samples 
 

IHC was employed to assess the expression of markers associated with EMT and 

stemness in GEJA. A panel of 7 IHC markers was chosen, of which 2 are associated with 

EMT (E-cadherin and Vimentin) and 5 are known or proposed markers of CSCs: 

EpCAM, ALDH1A1, CD133, Oct-4 and CD34.  

IHC was performed on 5 TMAs, which included tissue cores from 58 paired tumour 

samples, 21 unpaired ‘higher grade’ tumour samples and 3 control tissues: liver, kidney 

and background normal gastroesophageal junction (GEJ). Where possible, 3 cores were 

taken from each area of tumour. When there was heterogeneity in staining intensity across 

cores from the same tumour area, the average staining intensity was recorded. Due to 

sample depletion, not all cores contained tumour cells for analysis for each IHC marker. 

Protein expression was recorded for each paired sample, as per the scoring systems 

devised (Table 3.10, Figures 3.9-3.14). CD34 was not included in the analysis due to no 

expression in any sample. Where present, the direction of change in expression was 

recorded from ‘lower grade’ to ‘higher grade’ samples (Appendix 1.5). Pairwise analysis 

was performed for each protein using a Wilcoxon matched pairs test.  

EpCAM was shown to be significantly upregulated in ‘lower grade’ samples compared 

to ‘higher grade’ (p<0.001). No other protein in this panel showed a significant change 

in expression (Figure 3.16). EpCAM expression decreased in 92.9% (26/28) of pairs with 

differential expression. In cases suitable for analysis, 72.7% (8/11) showed a decrease in 

Oct-4 staining, CD133 percentage staining decreased in 57.1% (16/28) and 56% (14/25) 

showed a decrease in CD133 topology (Table 3.11). ALDH1A1 expression showed equal 

rates of increase and decrease in expression within cases with differential expression 

patterns. Vimentin expression increased and E-cadherin expression decreased in paired 
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samples with differential expression, however the numbers were too small to hold any 

significance. Figure 3.15 depicts the degree of fold change between paired samples. Fold 

change values for each case are listed in Appendix 1.6. Of note, fold change could not be 

calculated for pairs with expression recorded in only one sample. 

 

Table 3.11 Patterns of Protein Expression Paired Samples. 

 No 

Staining in 

Both 

Samples 

Equal 

Positive 

Expression 

Increase in 

Expression 

Decrease in 

Expression 

One or 

Both 

Samples 

Not 

Analysed 

EpCAM 0 16 2 26 14 

OCT-4 31 7 3 8 9 

E-Cadherin 0 47 0 2 9 

Vimentin 43 0 3 0 12 

ALDH1A1 1 15 16 16 10 

CD133 % 12 10 12 16 8 

CD133 

Topology 

12 13 11 14 8 

 

Interestingly, upon scoring the TMAs, it was observed that Oct-4 expression was 

consistently increased in benign glandular tissue, glandular tissue with intestinal 

metaplasia (Figure 3.17) and dysplastic glandular tissue. However, these tissue samples 

were not formally scored.  
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Figure 3.9 Representative images of Vimentin staining intensity. 0 = no staining, 1 = positive staining. (40X magnification) 
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Figure 3.10 Representative images of E-cadherin staining intensity. 0 = no staining, 1 = positive staining. (40X magnification)
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Figure 3.11 Representative images of EpCAM staining intensity. 0 = no staining, 1 = 

weak/incomplete staining, 2 = moderate staining, 3 = strong staining. (40X 

magnification)  
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Figure 3.12 Representative images of ALDH1A1 staining intensity. 0 = no staining, 1 = 

weak staining, 2 = moderate staining, 3 = strong staining. (40X magnification)  
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Figure 3.13 Representative images of Oct-4 intensity. 0 = no staining, 1 = positive staining. (40X magnification) 
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Figure 3.14 Representative images of CD133 topology. 0 = no staining, 1 = single cells, 2 = single cells and clusters (≥5 cells). (40X 

magnification) The central core (1) contains areas of luminal staining, interpreted as negative.  
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Figure 3.15 Heatmap showing the fold change in protein expression between paired 

‘lower grade’ and ‘higher grade’ samples. Data is expressed as ordinal values in a 

distance matrix. Image generated using the online web tool ‘Heatmapper’. 
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Figure 3.16 Box and whisker plots showing the difference IHC scores of protein 

expression between paired lower grade and higher grade areas of tumour. A = E-cadherin, 

B = Vimentin, C = EpCAM, D = Oct-4, E = ALDH1A1 Total, F = CD133 Percentage, G 

= CD133 Topology. A significant difference in expression was noted in EpCAM 

(p<0.0010). No statistically significant differential expression was observed any other 

protein. Statistical significance: Wilcoxon matched pairs test, p<0.05. Data graphed as 

mean, median, range and interquartile range. X represents the mean. The central 

horizontal line represents the median. Where present, the top line represents the first 

quartile and the bottom line represents the third quartile. The whiskers denote the 

maximum and minimum values. 
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Figure 3.17 Representative images of Oct-4 staining in benign glandular tissue with intestinal metaplasia. (40X magnification) 
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3.4.3 Association Between Clinicopathological Characteristics 

and Protein Expression in ‘Higher Grade’ Tumour Samples 
 

‘Higher grade’ samples were analysed in all patients to determine the presence of any 

significant correlation between protein expression and clinicopathological 

characteristics.  

Percentage staining with CD133 was significantly associated with disease recurrence 

(p=0.025). No other statistically significant correlation between protein expression and 

clinicopathological features were identified in any protein in this panel, however a strong 

association was noted between serosal involvement and E-cadherin expression 

(p=0.075), CD133 percentage staining (p=0.088) and CD133 topology (p=0.062) (Tables 

3.12 and 3.13). Age at diagnosis also showed a strong negative correlation with CD133 

percentage staining (p=0.053, r= -0.233) (Table 3.14).  
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Table 3.12 Correlation Between Clinicopathological Characteristics and Protein Expression Associated with Stemness.  

* Cases with TRG 1 were excluded from the study as they fall under the category of (y)pT0. ** Interquartile Range (Quartile 1 – Quartile 3)

 EpCAM Oct-4 ALDH1A1 Total CD133% CD133 Topology 

 Cases (n) Median 

(IQR)** 

p Cases (n) Median 

(IQR)** 

p Cases (n) Median 

(IQR)** 

p Cases (n) Median 

(IQR)** 

p Cases (n) Median 

(IQR)** 

p 

Disease Recurrence 

 

Yes 

No 

 

 

36 

30 

 

 

2 (1-2) 

2 (1-2) 

 

 

0.789 

 

 

38 

30 

 

 

0 (0-0) 

0 (0-0) 

 

 

0.973 

 

 

37 

28 

 

 

4 (3-6) 

5 (3.75-6) 

 

 

0.288 

 

 

39 

31 

 

 

4 (0-2) 

0 (0-1) 

 

 

 

0.025 

 

 

39 

31 

 

 

1 (0-1) 

0 (0-1) 

 

 

0.149 

TRG* 

2 

3 

4 

5 

 

3 

11 

30 

11 

 

1 (1-1.5) 

1 (1-2) 

2 (1.25-2) 

2 (1-2) 

 

0.169 

 

3 

12 

30 

12 

 

0 (0-0.5) 

0 (0-1) 

0 (0-1) 

0 (0-0) 

 

0.467 

 

2 

13 

29 

11 

 

4 (3-6) 

5 (3.75-6) 

4 (3-6) 

5 (3.75-6) 

 

0.688 

 

3 

14 

31 

12 

 

0 (0-2) 

0 (0-2.5) 

0 (0-1.5) 

1 (0-1.25) 

 

0.935 

 

3 

14 

31 

12 

 

0 (0-1) 

0 (0-1) 

1 (0-1) 

1 (0-1) 

 

0.796 

LVI 

Yes 

No 

 

48 

18 

 

2 (1-2) 

2 (1-2) 

 

0.966 

 

50 

18 

 

0 (0-0) 

0 (0-0.75) 

 

0.623 

 

48 

17 

 

4 (3-6) 

5 (4-6) 

 

0.427 

 

51 

19 

 

0 (0-1.5) 

0 (0-1.5) 

 

0.633 

 

51 

19 

 

1 (0-1) 

0 (0-1) 

 

0.408 

PNI 

Yes 

No 

 

11 

55 

 

2 (2-2) 

2 (1-2) 

 

0.139 

 

10 

56 

 

0 (0-1) 

0 (0-0) 

 

0.277 

 

12 

53 

 

5 (4-6) 

5 (3-6) 

 

0.622 

 

12 

58 

 

0 (0-1) 

0 (0-2) 

 

0.632 

 

12 

58 

 

0.5 (0-1) 

0 (0-1) 

 

0.945 

Serosal Involvement 

Yes 

No 

 

23 

43 

 

2 (1-2) 

2 (1-2) 

 

0.936 

 

22 

46 

 

0 (0-0) 

0 (0-0.75) 

 

0.475 

 

21 

44 

 

4 (3-6) 

5 (3-6) 

 

0.591 

 

22 

48 

 

1 (0-2) 

0 (0-1) 

 

0.088 

 

22 

48 

 

1 (0-1.75) 

0 (0-1) 

 

0.062 

HER2 Status 

Positive 

Negative 

 

8 

25 

 

1.5 (1-2) 

2 (1-2) 

 

0.374 

 

8 

26 

 

0 (0-0) 

0 (0-0) 

 

0.796 

 

7 

25 

 

3 (2.5-6) 

4 (3-6) 

 

0.859 

 

8 

26 

 

1 (0-1.75) 

1 (0-3) 

 

0.952 

 

8 

26 

 

1 (0-1.25) 

1 (0-1.75) 

 

0.921 

Siewert Classification 

I 

II 

III 

 

21 

21 

22 

 

2 (1-2) 

2 (1-2) 

2 (1-2) 

 

0.752 

 

21 

22 

23 

 

0 (0-0) 

0 (0-0) 

0 (0-0.5) 

 

0.965 

 

19 

21 

23 

 

5 (4-5.5) 

5 (3-5) 

5 (3.5-6) 

 

0.583 

 

21 

23 

24 

 

1 (0-2) 

0 (0-1) 

0 (0-2) 

 

0.628 

 

21 

23 

24 

 

1 (0-2) 

1 (0-1) 

0 (0-1) 

 

0.574 

T Stage 

T0 

Tis, T1-2 

T3-4 

 

0 

7 

59 

 

0 (0-0) 

1 (1-2) 

2 (1-2) 

 

0.456 

 

0 

8 

60 

 

0 (0-0) 

0 (0-0.25) 

0 (0-0) 

 

0.645 

 

0 

7 

58 

 

0 (0-0) 

4 (3-5) 

5 (3.25-6) 

 

0.421 

 

0 

8 

62 

 

0 (0-0) 

0.5 (0-2) 

0 (0-1.75 

 

0.430 

 

0 

8 

62 

 

0 (0-0) 

1 (0-1.25) 

0 (0-1) 

 

0.571 

N Stage 

N0 

N+ 

 

21 

45 

 

2 (1-2) 

2 (1-2) 

 

0.308 

 

20 

48 

 

0 (0-1) 

0 (0-0) 

 

0.420 

 

21 

44 

 

5 (4-5) 

4 (3-6) 

 

0.926 

 

22 

48 

 

0 (0-1) 

0 (0-2) 

 

0.437 

 

22 

48 

 

0 (0-1) 

0.5 (0-1) 

 

0.437 
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Table 3.13 Correlation Between Clinicopathological Characteristics and Protein Expression Associated with EMT. 

* Cases with TRG 1 were excluded from the study as they fall under the category of (y)pT0. ** Interquartile Range (Quartile 1 – Quartile 3)

 E-Cadherin Vimentin 

 Cases (n) Median (IQR)** p Cases (n) Median (IQR)** p 

Disease Recurrence 

Yes 

No 

 

38 

30 

 

1 (1-1) 

1 (1-1) 

 

0.431 

 

37 

29 

 

0 (0-0) 

0 (0-0) 

 

0.701 

TRG* 

2 

3 

4 

5 

 

3 

12 

31 

11 

 

1 (1-1) 

1 (1-1) 

1 (1-1) 

1 (1-1) 

 

0.679 

 

3 

12 

29 

11 

 

0 (0-0) 

0 (0-0) 

0 (0-0) 

0 (0-0) 

 

0.688 

LVI 

Yes 

No 

 

49 

19 

 

0 (1-1) 

1 (1-1) 

 

0.203 

 

47 

19 

 

0 (0-0) 

0 (0-0) 

 

0.141 

PNI 

Yes 

No 

 

11 

57 

 

1 (1-1) 

1 (1-1) 

 

0.369 

 

10 

56 

 

0 (0-0) 

0 (0-0) 

 

0.372 

Serosal Involvement 

Yes 

No 

 

23 

45 

 

1 (1-1) 

1 (1-1) 

 

0.075 

 

22 

44 

 

0 (0-0) 

0 (0-0) 

 

1.000 

HER2 Status 

Positive 

Negative 

 

8 

26 

 

1 (1-1) 

1 (1-1) 

 

0.765 

 

8 

26 

 

0 (0-0) 

0 (0-0) 

 

0.765 

Siewert Classification 

I 

II 

III 

 

21 

22 

23 

 

1 (1-1) 

1 (1-1) 

1 (1-1) 

 

0.768 

 

21 

22 

21 

 

0 (0-0) 

0 (0-0) 

0 (0-0) 

 

0.342 

T Stage 

T0 

Tis, T1-2 

T3-4 

 

0 

8 

60 

 

1 (1-1) 

1 (1-1) 

1(1-1) 

 

0.525 

 

0 

8 

58 

 

0 (0-0) 

0 (0-0) 

0 (0-0) 

 

0.634 

N Stage 

N0 

N+ 

 

21 

47 

 

1 (1-1) 

1 (1-1) 

 

0.171 

 

21 

45 

 

0 (0-0) 

0 (0-0) 

 

0.229 
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Table 3.14 Correlation Between Age, Tumour Size and miRNA Expression.  

 EpCAM Oct-4 E-Cadherin Vimentin ALDH1A1 

Total 

CD133 

Percentage 

CD133 

Topology 

Age at Diagnosis 

Pearson correlation (r) 

Number (n) 

Significance (p) 

 

0.043 

66 

0.733 

 

0.002 

68 

0.986 

 

0.199 

67 

0.104 

 

-0.022 

66 

0.864 

 

0.092 

65 

0.468 

 

-0.233 

70 

0.053 

 

-0.166 

70 

0.170 

Macroscopic Tumour 

Size 

Spearman correlation (ρ) 

Number (n) 

Significance (p) 

 

0.109 

60 

0.408 

 

-0.114 

63 

0.375 

 

-0.083 

62 

0.522 

 

0.024 

60 

0.853 

 

0.122 

59 

0.359 

 

0.166 

64 

0.191 

 

0.195 

64 

0.123 
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3.5 Survival Outcome Analysis 
 

3.5.1 Relationship Between Expression Data and Overall 

Survival 
 

Overall survival (OS) was measured from the date of diagnosis to date of death. An exact 

date of death was not obtainable for 5 patients; here instead the ‘date lost to follow up’ 

was used as a surrogate end date for purposes of survival analyses. The end date for 

measurement of survival outcomes was August 6th 2019. EpCAM expression was 

unsuitable for inclusion in the analysis due to an unequal distribution of cases across all 

4 categories of staining intensity. Similarly, CD133 percentage staining was excluded 

from this analysis as cases were unevenly distributed across 5 categories. Of note, whilst 

ALDH1A1 intensity was included as a parameter in survival analyses, only the total 

ALDH1A1 was validated for use in data interpretation (Yang et al., 2018). 

Multivariate analysis using a Cox regression model demonstrated a significant correlation 

between OS and male gender [HR 0.233, 95%CI 0.08-0.677, p=0.007], miR-16 

expression [HR 0.381, 95%CI 0.187-0.776, p=0.008], miR-221 expression [HR 2.675, 

95%CI 1.098-6.516, p=0.03], Oct-4 positivity [HR 3.78, 95%CI 1.541-9.273, p=0.004] 

and ALDH1A1 total score [HR 2.059, 95%CI 1.349-3.143, p<0.001] (Table 3.15, Figure 

3.19). Male gender and increased expression of miR-16 were associated with a decreased 

risk of death from GEJA. By comparison, increased miR-221 expression, Oct-4 positivity 

and a high ALDH1A1 total were associated with an increased risk of death from GEJA. 

Figure 3.18 demonstrates that disease recurrence was associated with a worse probability 

of survival (p=0.0018). 
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Figure 3.18 Kaplan Meier survival chart for OS with disease recurrence in 79 patients. 

Patients with disease recurrence have a significantly degreased overall survival 

(p=0.0018). Time is graphed in days.  
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Table 3.15 Multivariate Hazard Ratios for Overall Survival. 

* All 79 patients were included in this analysis. # Labelled as ‘POU5F1.1’ in Figure 

3.18. HR = hazard ratio; 95% CI = 95% confidence interval. 

  

  Number (n)  HR (95% CI) p value 

Sex 

Female 

Male 

 

10 

69 

 

 

0.233 (0.08-0.677) 

 

 

0.007 

Age at Diagnosis*  1.018 (0.977-1.06) 0.401 

NANOG*  0.507 (0.211-1.214) 0.127 

POU5F1*  1.903 (0.645-5.614) 0.244 

VIM*  1.623 (0.579-5.544) 0.357 

CDH1*  0.063 (0.004-1.014) 0.051 

miR-16*  0.381 (0.187-0.776) 0.008 

miR-17*  2.324 (0.858-6.294) 0.097 

miR-21*  0.976 (0.608-1.568) 0.92 

miR-221*  2.675 (1.098-6.516) 0.03 

miR-10b*  0.834 (0.217-3.211) 0.792 

miR-223*  0.022 (0.0001-3.491) 0.14 

miR-200a*  0.739 (0.366-2.691) 0.398 

miR-141*  0.956 (0.339-2.691) 0.932 

miR-224* 
 

0.368 (0.122-1.11) 0.076 

Oct-4# 

0 

1 

 

63 

16 

 

 

3.78 (1.541-9.273) 

 

 

0.004 

E-cadherin 

0 

1 

 

4 

75 

 

 

0.37 (0.053-2.595) 

 

 

0.317 

Vimentin 

0 

1 

 

76 

3 

 

 

6.306 (0.678-58.679) 

 

 

0.106 

ALDH1A1 Intensity Score 

0 

1 

2 

3 

 

8 

47 

22 

2 

 

 

0.035 (0.003-0.37) 

0.007 (0.0003-0.142) 

0.004 (2.63e-05-0.492) 

 

 

0.005 

0.001 

0.025 

ALDH1A1 Total 79 2.059 (1.349-3.143) <0.001 

CD133 Topology 

0 

1 

2 

 

45 

22 

12 

 

 

1.593 (0.603-4.211) 

1.814 (0.587-5.608) 

 

 

0.348 

0.301 
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Figure 3.19 Forest plot based on multivariate hazard ratios from Cox regression 

analysis for OS. Statistical significance: p<0.05. 
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3.5.2 Relationship Between Expression Data and Disease Free 

Survival  
 

Disease free survival (DFS) was measured from the date of surgery to date of disease 

relapse, where present. The end date for measurement of survival outcomes was August 

6th 2019. EpCAM expression and CD133 percentage staining were unsuitable for 

inclusion in the analysis due to an unequal distribution of cases across all categories. As 

discussed in Section 3.5.1, ALDH1A1 total score was considered in data interpretation, 

not the ALDH1A1 intensity score.  

Multivariate analysis using a Cox regression model demonstrated a significant correlation 

between DFS and male gender [HR 0.194, 95%CI 0.066-0.573, p=0.003], increased 

CDH1 expression [HR 0.005, 95%CI 0.0002-0.114, p<0.001], increased Vimentin 

mRNA expression [HR 3.367, 95%CI 1.002-11.318, p=0.05], increased miR-221 

expression [4.185, 95%CI 1.577-11.104, p=0.004], Oct-4 positivity [HR 3.992, 95%CI 

1.511-10.547, p=0.005], ALDH1A1 total score [HR 2.016, 95%CI 1.353-3.005, 

p<0.001] and CD133 staining in clusters of neoplastic cells [HR 3.066, 95%CI 1.002-

9.381, p=0.05] (Table 3.16, Figure 3.20). Male gender and CDH1 expression were 

associated with a decreased risk of disease recurrence in GEJA, whilst Vimentin mRNA 

expression, miR-221 expression, Oct-4 positivity, total ALDH1A1 score and CD133 

positivity in clusters were associated with an increased risk of disease recurrence in 

GEJA.  
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Table 3.16 Multivariate Hazard Ratios for Disease Free Survival. 

  Number (n) HR (95% CI) P Value 

Sex 

Female 

Male 

 

10 

69 

 

 

0.194 (0.066-0.573) 

 

 

0.003 

Age at Diagnosis*  0.997 (0.956-1.039) 0.879 

NANOG*  0.616 (0.265-1.429) 0.259 

POU5F1*  2.085 (0.718-6.058) 0.177 

VIM*  3.367 (1.002-11.318) 0.05 

CDH1*  0.005 (0.0002-0.114) <0.001 

miR-16*  0.291 (0.12-0.705) 0.006 

miR-17*  3.155 (0.986-10.095) 0.053 

miR-21*  0.943 (0.598-1.487) 0.802 

miR-221*  4.185 (1.577-11.104) 0.004 

miR-10b*  1.369 (0.354-5.433) 0.655 

miR-223*  0.018 (0.0001-2.936) 0.123 

miR-200a*  0.788 (0.389-1.595) 0.508 

miR-141*  0.807 (0.293-2.223) 0.678 

miR-224*  0.355 (0.113-1.111) 0.075 

Oct-4# 

0 

1 

 

63 

16 

 

 

3.992 (1.511-10.547) 

 

 

0.005 

E-cadherin 

0 

1 

 

4 

75 

 

 

0.666 (0.108-4.093) 

 

 

0.661 

Vimentin 

0 

1 

 

76 

3 

 

 

7.531 (0.862-65.781) 

 

 

0.068 

ALDH1A1 Intensity 

Score 

0 

1 

2 

3 

 

8 

47 

22 

2 

 

 

0.012 (0.001-0.139) 

0.003 (0.0001-0.065) 

0.029 (0.0002-3.362) 

 

 

<0.001 

<0.001 

0.144 

ALDH1A1 Total 79 2.016 (1.353-3.005) <0.001 

CD133 Topology 

0 

1 

2 

 

45 

22 

12 

 

 

2.982 (0.856-6.173) 

3.066 (1.002-9.381) 

 

 

0.099 

0.05 

* All 79 patients were included in this analysis. # Labelled as ‘POU5F1.1’ in Figure 

3.19. HR = hazard ratio; 95% CI = 95% confidence interval. 

  



175 
 

 

Figure 3.20 Forest plot based on multivariate hazard ratios from Cox regression analysis 

for DFS. Statistical significance: p<0.05. 
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3.6 Comparison of Biological Expression Profiles 

in Tumours with and without Neoadjuvant 

Treatment 
 

 

Sixty nine of 79 patients included in in this study received NAT before surgery. As 

detailed in Table 3.1, most patients received either MAGIC (26/69) or CROSS (18/69) 

neoadjuvant regimens. Paired data was analysed using a Mann-Whitney U test, with no 

significant findings (Table 3.17, Appendix 2.1). However, due to the unequal ratio of 

patients with and without NAT, in addition to the variability of NAT regimens received, 

no conclusions can be drawn from this data.  
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Table 3.17 Correlation Between NAT Status and Clinicopathological 

Characteristics. 

 Number (n) Median (IQR)* p 

NANOG 

Neoadjuvant 

No Neoadjuvant 

Total 

 

69 

10 

79 

 

1.255 (0.403-2.871) 

1.861 (1.072-3.03) 

 

0.312 

 

POU5F1 

Neoadjuvant 

No Neoadjuvant 

Total 

 

69 

10 

79 

 

1.861 (0.521-4.273) 

1.639 (1.042-4.399) 

 

0.696 

Vimentin 

Neoadjuvant 

No Neoadjuvant 

Total 

 

69 

10 

79 

 

0 (0-0.053) 

0 (0-0.734) 

 

0.808 

 

CDH1 

Neoadjuvant 

No Neoadjuvant 

Total 

 

69 

10 

79 

 

0 (0-0) 

0 (0-0) 

 

0.412 

Serpine1 

Neoadjuvant 

No Neoadjuvant 

Total 

 

69 

10 

79 

 

0 (0-0) 

0 (0-0) 

 

0.626 

miR-16 

Neoadjuvant 

No Neoadjuvant 

Total 

 

69 

10 

79 

 

0 (0-0.405) 

0 (0-0) 

 

0.508 

miR-17 

Neoadjuvant 

No Neoadjuvant 

Total 

 

69 

10 

79 

 

0 (0-0) 

0 (0-0) 

 

0.517 

miR-21 

Neoadjuvant 

No Neoadjuvant 

Total 

 

69 

10 

79 

 

0.052 (0-0.311) 

0.111 (0-0.34) 

 

0.925 

miR-221 

Neoadjuvant 

No Neoadjuvant 

Total 

 

69 

10 

79 

 

0 (0-0.502) 

0 (0-0) 

 

0.074 

miR-10b 

Neoadjuvant 

No Neoadjuvant 

Total 

 

69 

10 

79 

 

0 (0-0) 

0 (0-0) 

 

0.371 

miR-223 

Neoadjuvant 

No Neoadjuvant 

Total 

 

69 

10 

79 

 

0 (0-0) 

0 (0-0) 

 

0.780 

miR-200a 

Neoadjuvant 

No Neoadjuvant 

Total 

 

69 

10 

79 

 

0.291 (0-1) 

0.519 (0.006-0.751) 

 

0.919 
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Table 3.17 Correlation Between NAT Status and Clinicopathological 

Characteristics. 

 

miR-141 

Neoadjuvant 

No Neoadjuvant 

Total 

 

69 

10 

79 

 

0.402 (0-2.677) 

1.350 (0-3.345) 

 

0.574 

miR-224 

Neoadjuvant 

No Neoadjuvant 

Total 

 

69 

10 

79 

 

0 (0-0.990) 

0.054 (0-5.260) 

 

0.438 

EpCAM 

Neoadjuvant 

No Neoadjuvant 

Total 

 

69 

10 

79 

 

2 (1-2) 

2 (1-2) 

 

0.698 

Oct-4 

Neoadjuvant 

No Neoadjuvant 

Total 

 

69 

10 

79 

 

0 (0-1) 

0 (0-0) 

 

0.076 

E-cadherin 

Neoadjuvant 

No Neoadjuvant 

Total 

 

69 

10 

79 

 

1 (1-1) 

1 (1-1) 

 

0.424 

Vimentin 

Neoadjuvant 

No Neoadjuvant 

Total 

 

69 

10 

79 

 

0 (0-0) 

0 (0-0) 

 

0.313 

ALDH1A1 Total 

Neoadjuvant 

No Neoadjuvant 

Total 

 

69 

10 

79 

 

4.5 (3-6) 

5 (4-6) 

 

0.443 

CD133 % 

Neoadjuvant 

No Neoadjuvant 

Total 

 

69 

10 

79 

 

0 (0-2) 

0 (0-0) 

 

0.114 

CD133 Topology 

Neoadjuvant 

No Neoadjuvant 

Total 

 

69 

10 

79 

 

1 (0-1) 

0 (0-0) 

 

0.067 
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Chapter Four: Utility of Combined 

mRNA, miRNA and Protein 

Expression Data as a Predictive Tool  
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4.1 Ability of Combined Expression Data to 

Predict Tumour Classification 

 

A random forest plot model was constructed using all mRNA, miRNA and protein data 

to determine if specific clinical outcomes could be predicted. All results were cross 

validated to ensure that they were not overfit and that they were generalizable to other 

patient cohorts. miR-103a, miR-203a, miR-133b and CD34 were excluded from this 

analysis as no sample displayed any expression.  

The ability of mRNA, miRNA and protein expression data, taken in combination, to 

predict if a tumour sample is ’ lower grade’ or ‘higher grade’ was first assessed. The 

model had a classification accuracy of 66.42% and a Receiver Operating Characteristic 

Curve (ROC) of 0.61 (Figure 4.1). Table 4.1 shows the breakdown of the true versus 

predicted labels from the model for ‘lower grade’ versus ‘higher grade’ samples. The 

model is more sensitive at predicting ‘higher grade’ samples, with an 83.5% accuracy 

rate. This is compared to a 43.1% accuracy rate when predicting ‘lower grade’ samples.  

 

 

 

 

 

 



181 
 

Table 4.1 Breakdown of True versus Predicted Labels for ‘Lower Grade’ and 

‘Higher Grade’ Samples. 

 Predicted Label 

T
ru

e 
L

a
b

el
  Lower Grade Higher Grade 

Lower Grade 66 13 

Higher Grade 33 25 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1 ROC curve of the ability of the combined expression model to predict ‘lower 

grade’ versus ‘higher grade’ tumour samples. The ROC is 0.61. 



182 
 

Figure 4.2 shows the breakdown of variable importance scores for each of the predictor 

variables included in the model. The variables at the top of the model are ranked in order 

of their importance in making the prediction, and vice versa with variables at the bottom. 

EpCAM was the most important predictor variable in this model.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2. Variable importance scores for the combined expression data model in 

predicting ‘lower grade’ versus ‘higher grade’ tumour samples. EpCAM, NANOG 

expression and POU5F1 expression are the most important parameters in achieving 

predictive accuracy. By contrast, Serpine1, E-cadherin and Vimentin protein expression 

contribute the least to this prediction model. VIM = vimentin mRNA; POU5F1.1 = Oct-

4 protein; CD133.. = CD133 percentage staining score. 
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4.2 Ability of Combined Expression Data to 

Predict Disease Recurrence 
 

The same model was used as in Section 4.1 to predict disease recurrence. The model had 

a classification accuracy of 69.34% and a ROC of 0.73 (Figure 4.3). Table 4.2 shows the 

breakdown of the true versus predicted labels from the model for disease recurrence. As 

was the case with predicting ‘lower grade’ versus ‘higher grade’ samples, the 

classification accuracy of the model is superior when predicting cases with disease 

recurrence (81.01%) than those without (53.5%).  

 

Table 4.2 Breakdown of True versus Predicted Labels for Disease Recurrence. 

 Predicted Label 

T
ru

e 
L

a
b

el
  No Yes 

No 31 27 

Yes 15 64 
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Figure 4.3 ROC curve of the ability of the combined expression model to predict disease 

recurrence. The ROC is 0.73.  

 

 

Figure 4.4 shows the breakdown of variable importance scores for each of the predictor 

variables included in the model. Age at diagnosis was the most important predictor 

variable in the model, yet NANOG was the most important predictive biomarker. 
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Figure 4.4. Variable importance scores for the combined expression data model in 

predicting disease recurrence. Age at diagnosis, NANOG expression and POU5F1 

expression are the most important parameters in achieving predictive accuracy. By 

contrast, Serpine1, E-cadherin and Vimentin protein expression contribute the least to 

this prediction model. VIM = vimentin mRNA; POU5F1.1 = Oct-4 protein; CD133.. = 

CD133 percentage staining score.  
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4.3 Ability of Combined Expression Data to 

Predict Tumour Regression Grade (TRG) 
 

The same model was used again to predict TRG. The model was not accurate in predicting 

TRG classification. This is due to the presence of four separate categories, of which 

TRG2 and TRG3 are not well populated. The predictive accuracy of the model is 50.44%. 

The breakdown of the true versus predicted labels is shown in Table 4.3. The model 

predicted that the respondent was group 4 in 87% of cases, thus highlighting its predictive 

inaccuracy. The ROC curve and variable importance scores were not reported because 

the model was not accurate.  

 

 

Table 4.3 Breakdown of True versus Predicted Labels for Tumour Regression 

Grade. 

 Predicted Label 

T
ru

e 
L

a
b

el
 

 TRG2 TRG3 TRG4 TRG5 

TRG1 0 1 2 0 

TRG2 0 3 20 2 

TRG3 0 7 48 5 

TRG4 0 2 17 6 
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4.4 Bioinformatic Interrogation of Signalling 

Pathways 
 

DAVID (Database for Annotation, Visualization and Integrated Discovery) is an online 

open access functional annotation tool which can be used to generate signalling pathways 

from a list of gene targets. The programme requires the genes to be input according to 

their Entrez or Ensembl code. From this a KEGG (Kyoto Encyclopaedia of Genes and 

Genomes) pathway is generated, displayed as a schematic diagram of the molecular 

targets within a signalling pathway.  

miRWalk 3.0 is an online open source bioinformatic computational database that is used 

to generate both predicted and validated downstream miRNA targets in humans, mice, 

rats, dogs and cows. This tool was used to generate a list of experimentally validated gene 

targets for our panel of 12 miRNAs (Appendix 3.1). A correlation matrix was generated 

to show the main overlapping miRNA:target interactions within our panel (Table 4.4). 

The 6 most common mRNA targets were the Activin A receptors (ACVR), multiple 

types; Bone Morphogenetic Protein Receptor Type 1B (BMPR1B), Wnt family members, 

SMAD family members, the KRAS proto-oncogene and Polycomb group ring finger 

(PGFR), multiple types.  
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Table 4.4 Correlation Matrix of Overlapping miRNA : Target Interactions. 

 ACVR BMPR1B WNT SMAD KRAS PCGF 

miR-16 X X X  X  

miR-17 X X X X  X 

miR-21      X 

miR-221 X  X X   

miR-223   X X  X 

miR-224 X  X X  X 

miR-10b X X X X   

miR-203a  X X X X X 

miR-200a X  X X X X 

miR-141 X  X X   
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‘Target mining’ was first performed, whereby the list of 12 candidate miRNAs, as 

identified by their accession number, was input into the miRWalk programme. The target 

genes for all miRNAs shown to be of significance in GEJA were each individually input 

into DAVID to determine their relevant KEGG pathways. The results were interrogated 

to seek any overlap between clinicopathological outcomes, gene targets and signalling 

pathways between the different miRNAs. Overlapping miRNA:target interactions within 

a signalling pathway were manually input into the same KEGG pathway. Signalling 

pathways regulated by miR-21, miR-221, miR-141, miR-224 and miR-16 were 

individually investigated.  

All 5 miRNAs were implicated in regulation of the ‘signalling pathway regulating 

pluripotency of stem cells’ (Figure 4.5). miR-141, miR-16, miR-224 and miR-221 were 

additionally involved in regulation of the TGF-β signalling pathway (Figure 4.6). miR-

141, miR-224 and miR-16 also played a role in regulating the Hippo signalling pathway 

(Figure 4.7). miR-224 was implicated in the Wnt signalling pathway (Figure 4.8).  

The genes included in the mRNA expression analysis study were involved in the 

‘signalling pathway regulating pluripotency of stem cells’ (NANOG and POU5F1) and 

hippo signalling pathway (E-cadherin and Serpine-1 (PAI-1)). miR-221 is involved in 

regulating expression of POU5F1 (Figure 4.5). No other miRNAs in our cohort were 

directly related to the control of expression of any of these genes. Despite little direct 

interaction between the genes and miRNAs in our study panels however, their molecular 

functions within these signalling pathways nevertheless overlap greatly. 
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Figure 4.5 Signalling pathways for regulating pluripotency of stem cells. This image 

provides a visual depiction of the molecular pathways regulated by miR-21 (blue stars), 

miR-221 (red stars), miR-16 (yellow stars), miR-141 (purple stars) and miR-224 (green 

stars). These miRNAs were all found to target genes within the same commonly 

dysregulated pathways involved in the acquisition and regulation of stemness properties. 
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Figure 4.6 TGFβ signalling pathway. This image provides a visual depiction of the 

molecular pathways regulated by miR-221 (red stars), miR-16 (yellow stars), miR-141 

(purple stars) and miR-224 (green stars). These miRNAs were all found to target genes 

within the same pathways involved in EMT and stemness.  
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Figure 4.7 Hippo signalling pathway. This image provides a visual representation of 

the molecular pathways regulated by miR-16 (yellow stars), miR-141 (purple stars) and 

miR-224 (green stars). These miRNAs were all found to target genes within the same 

pathways involved in human cancer.  
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Figure 4.8 Wnt signalling pathway. This network provides a visual depiction of the 

mRNA targets regulated by miR-224 (green stars) in multiple signalling pathways.  
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Chapter Five: Discussion 
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The incidence of GEJA has increased worldwide; available treatments for this 

malignancy are limited, rates of drug resistance are high and survival outcomes are poor 

(Brungs et al., 2019; NCRI, 2019; SEER, 2019). Whilst a large body of knowledge exists 

surrounding the molecular biology of both OAC and gastric adenocarcinoma, it is 

important that the molecular profile of GEJA is assessed separately due to the growing 

opinion that these tumours are best regarded as a distinct entity (Hayakawa et al., 2016). 

This study sought to confirm and define the role of EMT and CSCs in GEJA, given the 

roles they play role in tumorigenesis, metastasis and drug resistance in a number of solid 

organ malignancies (T. Chen et al., 2017; Eun et al., 2017; S. Li & Li, 2014; Mani et al., 

2008; Medema, 2013; Nunes et al., 2018).  

A multi-omics approach was used to refine the current knowledge regarding the specific 

CSC and EMT markers expressed in GEJA, thorough interrogation of multiple mRNA, 

miRNA and protein expressions. The hypothesis that is central to this thesis states that a 

specific expression pattern of mRNA, miRNA and protein markers exists which 

characterises ‘aggressive’ tumours and can thus be used to aid in the identification of 

advanced disease in the clinical setting. Taking into consideration the well documented 

heterogeneity present within these tumours (Pectasides et al., 2018), this study 

additionally investigated the expression patterns of separate ‘higher grade’ and ‘lower 

grade’ areas within each tumour, as identified based on their histological appearances. It 

was proposed that poorly differentiated tumour cells present at the infiltrative tumour 

edge are most likely to be CSCs and will thus express a stem-like molecular profile and 

a mesenchymal phenotype, whilst better differentiated and less infiltrative areas will not 

contain CSCs and will therefore express an epithelial phenotype and lower levels of 

stemness markers.  
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The patient cohort included in this study was comprised predominantly of males, with a 

median age of 67 years. Interestingly, male gender was associated with a better OS and 

DFS, as compared with females. Despite this the clinical outcomes across all patients 

were poor, as is in keeping with the known aggressive clinical course of GEJA. Fifty-

seven percent of patients had a relapse of their disease within the timeframe of the study, 

with a median DFS of 216 days (range 45-1347). OS was very poor, with a median of 

510 days (range 150-1575). Of patients who received their initial diagnosis over 5 years 

before the study end date, only 19% (4/21) survived for 5 years. This figure is in keeping 

with the national and international 5 year survival rates of 22.6% and 19.9% respectively, 

and reflects the aggressive clinical course of these malignancies (NCRI, 2019; SEER, 

2019).  

The majority of patients included in this study received NAT prior to surgical excision of 

their tumour. This trend is consistent with the current literature: at least 14 separate 

studies to date have compared the impact of pre-operative chemotherapy followed by 

surgery to surgery alone in GEJA, with overall results supporting the use of NAT (Altorki 

& Harrison, 2017). Of all NAT regimens administered in this study, MAGIC was the 

most common, followed by CROSS. EOX and FLOT together accounted for a small 

minority of cases. Twenty patients classified as ‘other’ either received a different 

treatment regimen not listed above, or else the details of their regimen were not identified 

upon review of the clinical records. 36.7% of patients received adjuvant therapy 

following surgical excision, which may have had an impact on their survival outcomes. 

However, the details of these adjuvant therapies were not collected.  

Response to treatment was variable within the post-NAT patient cohort, which is in 

keeping studies which previously described response to NAT in GEJA (Al-Batran et al., 

2016; Cunningham et al., 2006; van Hagen et al., 2012). As previously stated, CROSS 
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and MAGIC were the two main regimens included in this study. Whilst this study did not 

examine the response to therapy for each individual regimen separately, previous studies 

have reported a CPR in 29% of patients who received the CROSS regimen, whilst 

pathologic findings from the MAGIC trial included a reduction in average tumour size 

from 5 cm in patients who underwent surgery alone to 3 cm in patients who additionally 

received NAT (Cunningham et al., 2006; van Hagen et al., 2012). These findings indicate 

an inconsistent response to NAT in GEJA. 

This present study assessed the pathological response to NAT using the Mandard TRG 

system: a TRG score of 1/2 is considered to be a ‘major’ response, TRG 3/4 is a ‘minor’ 

response and TRG 5 is no response (Depypere et al., 2016). 72.5% of patients who 

received NAT had a minor response to treatment, whilst 20.2% had no response. Only 

4.3% of the cases were classified as TRG 2. No case had a CPR (TRG 1) because all 

tumours included in this study by definition had residual tumour cells for the purposes of 

performing expression analyses. This data is therefore not entirely representative of the 

true response to NAT in GEJA as the dataset contains an over-representation of TRG 3-

5 tumours.  

There was no significant association between TRG and the differentiation status of the 

resected tumour by predominant area, an observation which is likely to be attributable to 

the distribution bias in the study cohort. Most tumours were of an advanced stage (TNM 

classification, 8th edition): 84.8% had T3-4 stage disease and 70.9% had nodal metastasis. 

Only 3.8% of patients had histologically confirmed M1 disease, however this is not an 

accurate reflection of the true prevalence of distant metastases within this study 

population. 
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5.1 Gene Expression in GEJA 
 

The study hypothesis states that ‘lower grade’ areas of tumour should express higher 

levels of genes associated with an epithelial phenotype, including CDH1, and have lower 

expression of genes associated with stemness, such as NANOG and POU5F1. By 

comparison, ‘higher grade’ areas should show greater expression of genes associated with 

a mesenchymal phenotype, such as Vimentin, and higher levels of genes related to 

stemness. Serpine-1 was included in the analysis due to its proposed role in metastasis. It 

was anticipated that the expression of mesenchymal and stemness markers in ‘higher 

grade’ samples would correlate with adverse clinical outcomes. Appendix 4.1 lists the 

significant associations identified with increased expression of each individual gene, as 

discussed below.  

 

Vimentin 

Vimentin was expressed in a minority of paired cases, of which only 38.1% showed the 

expected increase in expression from ‘lower grade’ to ‘higher grade’ paired tumour 

samples. Analysis of all ‘higher grade’ samples revealed that increased Vimentin gene 

expression was associated with a shorter DFS, yet it showed no association with OS. The 

link between Vimentin and poor DFS is in keeping with the known relationship between 

a mesenchymal phenotype and aggressive tumour characteristics, as has been consistently 

demonstrated across a range of malignancies (Bhardwaj et al., 2019; Tanaka et al., 2015; 

J. Y. Wang et al., 2018; S. Wu, Du, Beckford, & Alachkar, 2018).  

Contrary to the study hypothesis, increased levels of Vimentin were shown to be 

significantly associated with a low TRG, and therefore with a good response to treatment. 
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From this it can be inferred that decreased Vimentin is associated with a high TRG and 

thus enhanced drug resistance. This finding was mirrored in a study by Huo et al which 

looked at the role of Vimentin in ovarian cancer. Here the authors demonstrated that 

silencing of Vimentin led to increased drug resistance, upregulation of CSC markers and 

acquisition of CSC traits (Huo et al., 2016). The authors proposed that Vimentin 

enhanced drug resistance via a prolonged G2 arrest, which provided more time for the 

tumour cells to repair their damaged DNA. However, a separate study which looked at 

the role of Vimentin in drug resistance in NSCLC showed the opposite result, 

demonstrating instead a correlation between increased Vimentin expression and 

sensitivity to the EGFR inhibitor Gefitinib (Hu et al., 2017). Taken together, these studies 

suggest that the role of Vimentin in promoting or preventing resistance to anti-cancer 

drugs varies between different malignancies.  

Conventional chemotherapeutic regimens classically target more differentiated epithelial 

cells, which do not express Vimentin (Yao, Dai, & Peng, 2011). Taking this into 

consideration, the association between decreased Vimentin expression and high TRG 

grades identified in this study suggests that drug resistance in GEJA is regulated by 

mechanisms unrelated to EMT. A range of alternative mechanisms of drug resistance 

exist, including drug inactivation, DNA damage repair, cell death inhibition and 

epigenetic modifications (Housman et al., 2014). It is interesting to speculate that 

Vimentin induces a prolonged G2 phase in GEJA as in ovarian cancer cells, however 

further studies are required to determine the precise mechanism of drug resistance in 

Vimentin downregulated GEJA cancer cells.  
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CDH1 

CDH1 was similarly expressed in only a small number of paired samples, of which the 

majority were downregulated as expected in ‘higher grade’ samples as compared to 

‘lower grade’. Increased CDH1 expression was significantly associated with a longer 

DFS, and strongly associated with a longer OS. This finding is supported by other studies 

in the literature which link decreased CDH1 expression with adverse clinical outcomes 

across a number of different malignancies, including both oesophageal and gastric 

cancers (Ishiguro et al., 2016; Z. Li & Guo, 2019; J. Liu et al., 2016). 

 

NANOG 

NANOG – named after the Land of Youth ‘Tír na nÓg’ in Celtic mythology (I. Chambers 

et al., 2003) – demonstrated the expected increase in expression from ‘lower grade’ to 

‘higher grade’ paired samples in only a small majority of cases, which was of no 

significance. NANOG expression showed a strong association with both lymph node 

metastases and serosal involvement, yet there were no significant associations between 

its expression and any clinicopathological parameters or survival outcomes.  

These findings are at odds with both the study hypothesis and with previous published 

studies on this subject. A recent meta-analysis of 33 studies demonstrated that NANOG 

is a useful prognostic tumour biomarker across a range of malignancies due to its 

association with poor survival outcomes and adverse clinicopathological features, 

however these studies used IHC to assess NANOG expression and are therefore not 

directly comparable to the findings of this study (L. Zhao et al., 2018). However, studies 

which investigated NANOG mRNA expression in head and neck and cervical cancers 

indicated that NANOG as a suitable CSC marker (Ding et al., 2016; Habu et al., 2015).  
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A discrepancy exists between these observations and the findings of this thesis. This is 

likely attributable to the methods of RNA extraction used: whilst this present study 

extracted RNA from FFPE, both other studies used RNA extracted from cell cultures. 

FFPE tissue is known to have a greater variation in quality as compared to other sample 

types, which may account for the lack of significance in our results (Gaffney, Riegman, 

Grizzle, & Watson, 2018). Confirmation of the significance of NANOG in GEJA thus 

requires further analysis using alternative means of RNA extraction. 

 

POU5F1 

Similar to NANOG, expression of POU5F1 was increased in only a small majority of 

paired cases which showed differential expression and is therefore of no significance. Its 

expression in higher grade samples was not associated with any clinicopathological 

parameters, nor with any survival outcomes. These findings were unexpected as multiple 

previous studies have identified an association between adverse clinical outcomes and 

increased gene expression of POU5F1 in other malignancies, including colorectal cancer, 

gastric cancer and OAC (Z. Chen et al., 2009; Miyoshi et al., 2018; X. Wang et al., 2014). 

Whilst the sample size of each of these studies was comparable to that of this thesis (range 

55-95 patients), the tissue from which RNA was extracted differed. As discussed above, 

this present study extracted RNA from FFPE, whilst each other study mentioned used 

fresh tumour samples snap frozen in liquid nitrogen, which is a superior means of 

preservation of DNA and RNA (Gaffney et al., 2018). These differences in RNA 

extraction methods may account for the discrepancy in significance of results between 

the studies. Further analysis using alternative methods of RNA extraction may thus reveal 

a significant expression pattern of POU5F1 in GEJA. 
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Serpine-1 

Expression of Serpine-1 – also known as PAI-1 – showed no association with any clinical 

outcomes, nor did it demonstrate a significant change in expression between paired 

tumour samples. Indeed, the majority of tumour samples analysed did not express 

Serpine-1.  

These results are at odds with studies in the published literature. Brungs et al performed 

a meta-analysis of 22 studies, amounting to 1966 patients, which described an association 

between PAI-1 and both high risk disease and poor survival outcomes in GEJA (Brungs 

et al., 2017). Whilst the definition of GEJA in this study incorporated OAC, GEJA and 

gastric adenocarcinomas, only one study actually analysed true GEJA samples, 

amounting to 0.01% (26/1966) of all tumours analysed. This indicates that the results of 

Brungs’ meta-analysis are not directly comparable to the findings presented in this thesis. 

Additionally, the analysis methods varied amongst the studies, ranging from ELISA to 

IHC to RT-PCR, thus complicating accurate comparison of studies. Future interrogation 

of GEJA in isolation, as defined clinically as Siewert I-III, may be warranted to determine 

the precise role of Serpine-1 in GEJA. 

 

 

5.2 miRNA Expression in GEJA 
 

As per the study hypothesis, it was anticipated that ‘higher grade’ tumour samples would 

show a miRNA expression profile more in keeping with EMT and/or stemness properties, 

as compared to their matched ‘lower grade’ samples. In ‘higher grade’ samples, 5 

miRNAs were expected to be upregulated (miR-10b, miR-21, miR-221 miR-223 and 
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miR-224) and 6 miRNAs were expected to be downregulated (miR-16, miR-17, miR-

203a, miR-200a, miR-133b and miR-141) (Chai et al., 2019; Z. Chen et al., 2013; L. L. 

Fang et al., 2017; Knoll et al., 2014; B. Liu et al., 2018; Lynam-Lennon et al., 2017; Ma 

et al., 2015; Sheedy & Medarova, 2018; Taube et al., 2013; T. Wang et al., 2017; Y. 

Wang et al., 2016). The opposite pattern of expression was predicted in ‘lower grade’ 

tumour samples. miRNA expression profiles associated with ‘higher grade’ tumour 

samples were anticipated to correlate with adverse clinical outcomes. Appendix 4.2 lists 

the significant associations identified with increased expression of each individual 

miRNA, as discussed below. 

As discussed in Section 3.3.1, a suitable miRNA normalizer was not identified for use in 

GEJA. Global normalization was chosen as the most appropriate means by which to 

normalize the miRNA expression data. Whilst ideally used in in studies which analyse 

large numbers of miRNAs, previous studies have also used this method in the absence of 

a stable reference gene (Faraldi et al., 2019). 

 

miR-221 

miR-221 is an oncogenic miRNA whose over-expression has been shown to play a role 

in enhancing the tumorigenicity of CSCs and predicting poorer clinical outcomes across 

a range of solid organ malignancies including breast, pancreatic and colorectal cancers 

(Cheng et al., 2018; B. Li et al., 2016; B. Liu et al., 2018; Mukohyama et al., 2019). Its 

expression has previously been described in gastric cancer, and has been shown to 

enhance resistance to 5-FU and alter the expression of EMT-associated genes in 

oesophageal cancer (Shajari & Mollasalehi, 2020; Y. Wang et al., 2016; Zhou, Peng, & 

Xu, 2019). 
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Whilst this current data is novel in describing the patterns of miR-221 expression in 

GEJA, the findings are in keeping with previous studies pertaining to its association with 

adverse clinical outcomes in malignancies at different sites. This present study showed 

that miR-221 expression is significantly increased in ‘higher grade’ tumour samples, as 

compared to their ‘lower grade’ pairs. Increased miR-221 expression was also shown to 

be significantly associated with adverse clinical outcomes including disease recurrence, 

poor DFS and poor OS.  

Interrogation of the signalling pathways regulated by miR-221 revealed its role in 

pathways involved in the regulation of stem cells, through which it was shown to directly 

regulate POU5F1 gene expression. It was also implicated in the TGF-β pathway, through 

which it plays an important role in EMT induction. Taken in combination, these findings 

clearly demonstrate an association between miR-221 expression and EMT, CSC-like 

cells and poor survival outcomes in GEJA. As such, miR-221 holds great promise as a 

prognostic biomarker or a novel therapeutic candidate for targeted treatments in 

aggressive GEJA.  

 

miR-21 

miR-21 is another oncogenic miRNA which has been previously shown to target a 

number of tumour suppressor genes and play an important role in tumorigenesis in a wide 

variety of malignancies (Shajari & Mollasalehi, 2020). Circulating miR-21 has been 

proposed to be a potential diagnostic biomarker in both gastric and oesophageal cancers 

(Komatsu et al., 2011; Tsujiura et al., 2010). This present data is in keeping with this 

trend, describing a significant association between miR-21 over-expression and both poor 

treatment response (TRG 4/5) and disease recurrence.  
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An interesting study by Odenthal et al investigated serum miR-21 levels in GEJA before 

and after NAT, concluding that NAT had no significant influence over expression levels 

(Odenthal et al., 2015). These findings, taken in tandem with this study’s observation that 

miR-21 upregulation is associated with a poor response to NAT, suggest that miR-21 

holds potential as a biomarker with which to predict treatment response at the point of 

initial diagnosis. However, Odenthal’s study analysed miR-21 expression in serum, 

whilst this analysis was performed on tissue, thus the results are not directly comparable 

and would require further interrogation in order to determine their clinical applicability.  

miR-21 was implicated in signalling pathways involved in regulating stem cell 

pluripotency, whereby it was shown to modify a number of gene targets known to be 

involved in the promotion of EMT and CSCs, including Dual-specificity phosphatase 9 

(DUSP9) and Polycomb group ring finger 2 (PCGF2) (H. Lu et al., 2018; X. F. Wang et 

al., 2016). These findings indicate a critical role of miR-21 in regulation of both EMT 

and putative CSCs in aggressive GEJA and point towards its potential utility as a 

prognostic biomarker. 

 

miR-16 

miR-16 acts as a tumour suppressor across a wide range of malignancies; its 

downregulation is associated with EMT and the generation of CSCs (Farace et al., 2020; 

H. Zhang & Li, 2019). Whilst its inhibitory effect in gastric cancer has previously been 

described, as of yet no studies have investigated its role in GEJA (Jiang & Wang, 2018).  

A significant association was identified between miR-16 upregulation and a good OS. 

This is very much in keeping with the role of miR-16 in other malignancies, whereby its 

over-expression is associated with a decrease in tumorigenicity (W. L. Wu, Wang, Yao, 
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& Li, 2015). Bioinformatic interrogation of signalling pathways showed that miR-16 is 

involved in the regulation of multiple gene targets within a range of signalling pathways, 

including pathways which regulate the pluripotency of stem cells; the TGF-β pathway, 

which is implicated in EMT; and the Hippo pathway, which is involved in tumorigenesis 

and generation of CSCs (Mo, Park, & Guan, 2014). These findings once again support 

the role of miR-16 in the regulation of putative CSCs and EMT in aggressive GEJA.  

 

miR-224 

miR-224 upregulation was shown to be significantly associated with disease recurrence 

and show a strong correlation with higher TRG groups and therefore poor response to 

NAT. This data is novel as no other studies have investigated the role of miR-224 in 

GEJA. Upregulation of miR-224 has been previously demonstrated in other malignancies 

including gastric and colorectal carcinoma however, and has shown an association with 

poor survival outcomes, as is in keeping with this data (G. J. Zhang, Zhou, Xiao, Li, & 

Zhou, 2013; Y. Zhang, Li, Ma, Ding, & Zhang, 2016).  

Bioinformatic interrogation of the downstream targets of miR-224 pointed towards its 

role in the regulation of four main signalling pathways which are critical in the control of 

EMT and CSCs: stem cell pluripotency, TGF-β, Hippo and Wnt pathways. This data 

suggests a role of miR-224 in the regulation of EMT and CSC-like cells in clinically 

aggressive GEJA. 
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miR-141 

A significant association between miR-141 and HER2 positivity was demonstrated in this 

study. HER2 over-expression shows marked intra-tumour heterogeneity in GEJA (D. 

Zhao, Klempner, & Chao, 2019). Accordingly, miR-141 may hold great promise as an 

adjunct biomarker for use in directing HER2-targeted therapies and monitoring the 

development of acquired resistance to these treatments. Statistical analysis to determine 

the outcomes of patients with HER2 positive tumours and high miR-141 levels was not 

performed in this study due to incomplete data collection and an unequal distribution of 

cases between each HER2 expression category.  

An association between downregulation of miR-141 and the promotion of EMT and 

CSCs has been demonstrated in a number of solid organ malignancies, yet no data exists 

regarding its role in GEJA (Al-Khalaf & Aboussekhra, 2017; J. Ye et al., 2017). This 

study did not identify any significant correlation between miR-141 expression and 

adverse clinical outcomes, indicating that it does not play a role in the identification of 

putative CSCs in GEJA. However, analysis of a larger number of tumour samples would 

be required to confirm or refute this finding. 

 

miR-17 

Based on the findings of Lynam-Lennon et al, who previously showed that miR-17 

downregulation is associated with CSC-like cells and radio-resistance in OAC (Lynam-

Lennon et al., 2017), it was anticipated that downregulation of miR-17 would also be 

seen in GEJA;  however, this was not the case. miR-17 is part of the oncogenic miR-17-

92 cluster, which is highly expressed across a range of malignancies including lung, 

pancreatic and prostate cancer (L. L. Fang et al., 2017). Interestingly, this cluster may 
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also express tumour suppressor characteristics in OAC, as demonstrated by Lynam-

Lennon. Whilst no significant differential expression was observed between paired 

‘lower grade’ and ‘higher grade’ samples in this present study, it was noted that over half 

of the pairs analysed did not express miR-17 in either sample. Taking this into 

consideration, it is interesting to speculate that miR-17 may indeed act as a tumour 

suppressor in advanced GEJA, irrespective of histological features, however further large 

scale validation studies are required to validate this assumption. 

 

miR-200a 

miR-200a was expected to be downregulated in ‘higher grade’ samples, as compared to 

their ‘lower grade’ pairs. A marked downregulation of miR-200a has previously been 

demonstrated in cells which have undergone EMT in response to TGF-β (Gregory et al., 

2008), however this present study did not identify this pattern in GEJA. The discrepancy 

between the anticipated and recorded results in this study may be explained by the varied 

functions of miR-200a, which has been shown to play both an oncogenic and a tumour 

suppressive role in different settings (Becker, Takwi, Lu, & Li, 2015). Chen et al 

previously described an upregulation of miR-200a in OAC and a downregulation in 

gastric adenocarcinoma (Z. Chen et al., 2013), whilst Saad et al showed that miR-200a 

upregulation is more pronounced in early stage OAC, suggesting that it plays a role in 

tumour development rather than tumour progression (Saad et al., 2013). Taking into 

consideration these opposing functions, further work is required in order to accurately 

define the role of miR-200a in GEJA.  
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miR-223 and miR-10b 

It was proposed that upregulation of miR-223 and miR-10b would be significantly 

associated with an aggressive tumour phenotype and clinical course, yet this was not 

identified. Contrary to the negative findings of this study, Fassan et al described the utility 

of miR-223 as a biomarker for identification of early GEJA (Fassan et al., 2017). The 

discrepancy between these results may be explained by the observation that the resection 

specimens included in this study were predominantly advanced cancers (T3/4) and thus 

their expression patterns may differ from that of the early GEJAs described by Fassan.  

Whilst no studies have examined the role of miR-10b in GEJA, its oncogenic role has 

been described across a range of malignancies including pancreatic cancer, melanoma 

and OAC (Ouyang, Gore, Deitz, & Korc, 2014; Sheedy & Medarova, 2018; Tian et al., 

2010). By comparison, there is evidence to suggest that miR-10b has a tumour suppressor 

role in some malignancies including clear cell renal cell carcinoma and bladder cancer 

(Sheedy & Medarova, 2018). In light of the significant number of paired samples which 

did not express miR-10b in this present study, it is interesting to postulate that miR-10b 

may exert a tumour suppressor effect in GEJA, however further studies are required to 

substantiate this claim. 

 

miR-133b, miR-203a and miR-103a 

miR-133b, miR-203a and miR-103a were not expressed in any tumour sample, thus it is 

not possible to infer anything about their role in GEJA from this data. Interestingly 

however, we expected miR-203a to be downregulated in GEJA due to its known function 

in suppressing EMT and CSC properties (Taube et al., 2013). Similarly, miR-133b 

downregulation was anticipated in GEJA as it has been previously demonstrated in OAC 
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and gastric adenocarcinoma (Z. Chen et al., 2013). It is possible that the lack of 

expression in the tumour samples may still reflect a downregulation of miR-133b and 

miR-203a as compared to normal GEJA, however this was not investigated as part of this 

study and therefore requires further investigation to determine the significance of these 

miRNAs in GEJA. miR-103a was included in the study as a possible internal control (Z. 

Chen et al., 2013), thus its lack of expression indicates that it is not useful as a miRNA 

normalizer in GEJA.  

 

5.3 Protein Expression in GEJA 
 

The study hypothesis proposes that higher expression of proteins associated with EMT, 

including Vimentin, will be observed in ‘higher grade’ tumour samples and will be 

associated with worse clinical outcomes. By comparison, protein markers associated with 

the epithelial phenotype, such as E-cadherin, are expected to show higher expression in 

‘lower grade’ areas of tumour and correlate with better clinical outcomes. Increased 

expression of each stemness marker (CD34, Oct-4, EpCAM, ALDH1A1 and CD133) 

was proposed to show higher levels of expression in ‘higher grade’ tumour samples as 

compared with their matched ‘lower grade’ samples, with higher expression correlating 

with worse clinical outcomes. Appendix 4.3 lists the significant associations with 

increased expression of each individual protein marker, as discussed below. 

 

EpCAM 

EpCAM – a putative CSC marker – showed a significant differential expression pattern 

between ‘lower grade’ and ‘higher grade’ tumour samples. Contrary to the study 



211 
 

hypothesis, 92.9% of these cases demonstrated a decrease in expression from ‘lower 

grade’ to ‘higher grade’ samples. Interestingly, this trend was previously identified by 

Driemel et al, who described a context driven expression of EpCAM in oesophageal 

cancer (Driemel et al., 2014). Driemel proposed a correlation between EpCAM (high) 

phenotypes with proliferative tumour stages, and between EpCAM (low/negative) 

phenotype with migration, invasion and dissemination. Applying this interpretation of 

EpCAM staining to GEJA infers that ‘higher grade’ tumour samples may be associated 

with a more aggressive disease phase than ‘lower grade’ samples, as is in keeping with 

the study hypothesis. These findings additionally highlight the intra-tumour 

heterogeneity present in GEJA. 

Despite the clear delineation of staining intensities between paired tumour samples, 

EpCAM expression in ‘higher grade’ samples was not associated with any adverse 

clinicopathological features. Survival outcomes were not interrogated because the 

distribution of cases across the IHC scoring classifications was unequal and thus 

unsuitable for statistical analysis. Whilst the results of this study suggest that EpCAM 

expression may be of use in disease stratification for therapeutic approaches, determining 

its use as a prognostic and putative CSC biomarker in GEJA requires further analysis 

with a larger study population in order to formally assess its relationship with survival 

outcomes.  

 

E-cadherin and Vimentin 

Expression of the cell surface proteins E-cadherin and Vimentin did not show any 

significant association with any clinicopathological feature, nor with any survival 

outcome, although E-cadherin did show a strong association with serosal involvement. 
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This lack of significance is at odds with expression of their gene counterparts CDH1 and 

Vimentin, which both showed a significant association with DFS. A differential 

expression pattern was not identified between paired tumour samples for either protein. 

Indeed, the majority of tumour samples expressed an epithelial phenotype with E-

cadherin positivity and negative Vimentin expression, regardless of their histological 

differentiation status. This expression pattern is considered to be most in keeping with 

aggressive disease.  

These findings suggest that by contrast to their mRNA counterparts, protein markers of 

EMT are not of use in delineating cancer cells going through EMT. It is only possible to 

postulate as to the reason for this alteration in significance at the protein level. This is 

because a wide range of regulatory processes that may occur following mRNA 

production, including post-transcriptional, translational and protein degradation 

regulation, as modulated by miRNAs or other mechanisms (Vogel & Marcotte, 2012). 

However, it is also conceivable that the discrepancy in these results may be attributable 

to intra-tumour heterogeneity: LCM and TMA construction may have inadvertently 

sampled tumour cells from slightly different areas within the tumour, leading to 

differences in expression patterns. Further analysis is required in order to confirm the 

validity of these results.  

 

CD34 

CD34 is a cell surface antigen that has been reported to select small populations of 

putative CSCs (T. Chen et al., 2017). It was not expressed in any tumour sample in this 

analysis. This observation is particularly interesting in light of a previous study which 

demonstrated CD34 positivity in gastric carcinomas without serosal involvement (Cabuk 
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et al., 2007). This difference in expression pattern between gastric carcinoma and GEJA 

supports the opinion that GEJAs are best regarded as a distinct entity. 

A separate study which examined the role of the tumour microenvironment in OAC 

described higher CD34 expression in peritumoral adipose tissue, as compared to distal 

adipose, with a decrease in CD34 expression observed in peri-tumoural samples in the 

setting of NAT (Carraro et al., 2017). Whilst the authors did not investigate the expression 

of CD34 in cancer cells, they did however describe how treatment of adipose derived 

stem cells with a conditioned medium derived from tumoral and adipose tissue of patients 

with OAC resulted in increased expression of CD34. These findings suggest a role of 

CD34 as a stemness marker and a marker of treatment resistance in OAC.  

The expression patterns here demonstrated in GEJA are contrary to that of gastric 

carcinoma and OAC, indicating that GEJAs represent a biologically distinct subset of 

malignancies. Furthermore, due to a diffuse negative staining pattern, CD34 is of no use 

in identification of putative CSCs in GEJA.  

 

Oct-4 

Oct-4 is a protein which is frequently used as a stem cell marker. Unexpectedly, it was 

upregulated from ‘higher grade’ to ‘lower grade’ samples in only 16.7% of pairs with 

differential expression. Oct-4 expression in ‘higher grade’ tumour samples from each 

patient showed no association with any adverse clinicopathological characteristics, 

however it was significantly associated with a poor OS and DFS.  

This data suggests that Oct-4 protein expression is of prognostic use in GEJA. 

Interestingly, miR-221 is known to be involved in the regulation of Oct-4 through 
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signalling pathways governing the regulation of pluripotency: this relationship is 

supported by the fact that miR-221 is itself associated with a poor OS and DFS. 

Regulation of Oct-4 by miR-221 has been previously described in breast cancer, whereby 

increased miR-221 was shown to be associated with an increase in both Oct-4 gene and 

protein expression as a result of a decrease in DNA promotor methylation (Roscigno et 

al., 2016). As previously discussed in Section 5.1, whilst this study did not identify any 

significant pattern in POU5F1 expression, it is proposed that gene expression analysis 

using frozen GEJA samples is likely to yield a significant association between POU5F1 

and adverse survival outcomes. 

Of interest, this study additionally observed that Oct-4 was expressed in both benign and 

dysplastic junctional glandular tissue, with and without IM. This is in keeping with prior 

studies which describe the role of Oct-4 in the progression from BO to OAC (Shen et al., 

2016; X. Wang et al., 2014). Wang et al additionally demonstrated a loss of stemness 

traits in experimentally isolated stem cells in response to downregulation of Oct-4 by 

siRNAs (X. Wang et al., 2014).  

Overall, these findings support the role of Oct-4 as a marker of putative CSCs in GEJA. 

Whilst Oct-4 positivity was noted in pre-malignant conditions within the GEJ, these 

expression patterns were not formally quantified and thus it is not possible to comment 

on their significance. The role of miR-221 in regulation of POU5F1 in GEJA also merits 

further interrogation at both the mRNA and protein level. 

 

ALDH1A1 

ALDH1A1 is another cell surface marker used to identify CSC-like cells in tumours 

including GEJA (Brungs et al., 2019). Comparison of total ALDH1A1 staining patterns 
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between paired samples revealed no significant trends. ALDH1A1 expression in all 

‘higher grade’ samples showed no association with any adverse clinicopathological 

parameters, however its expression was significantly associated with a poor OS and DFS. 

These findings indicate that ALDH1A1 may be of use in the clinical setting as a 

prognostic tool for survival outcomes.  

ALDH1A1 expression has been consistently associated with poor survival outcomes 

across a range of malignancies (van der Waals, Borel Rinkes, & Kranenburg, 2018; Xing, 

Luo, Long, Zeng, & Li, 2014; Y. Ye, Zhang, Chen, Wang, & Wang, 2018). Brungs et al 

concurred with the findings of this study by demonstrating an association between poor 

OS and ALDH1A1 staining in metastatic deposits of GEJA (Brungs et al., 2019). 

Increased expression has previously been shown to reflect resistance to anti-cancer 

treatments across a range of malignancies (Ajani et al., 2014; Roy, Connor, Al-Niaimi, 

Rose, & Mahajan, 2018), however this trend was not identified in this present study. 

Nevertheless, the association between ALDH1A1 and poor survival outcomes is in 

keeping with its known role as a CSC marker, thus pointing towards its utility in the 

identification of CSC-like cells in GEJA.  

 

CD133 

CD133 has also been used as a putative CSC marker in GEJA, in addition to a range of 

other malignancies including liver, brain, colorectal and pancreatic cancers (Brungs et 

al., 2019; K. Chen et al., 2013). The prognostic role of CD133 in GEJA was investigated 

in this study through analysis of both percentage staining and staining topology within 

tumour samples. A higher percentage of positive neoplastic cells and positive staining of 
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clusters of cancer cells were both expected to correlate with worse clinical outcomes 

(Zeppernick et al., 2008).  

A significant association was identified between CD133 staining patterns and adverse 

clinical outcomes. CD133 percentage staining was significantly associated with disease 

recurrence, whilst a strong association was identified between serosal involvement and 

both CD133 percentage staining and topology. Whilst CD133 percentage staining was 

excluded from the survival analyses, CD133 staining of clusters of cancer cells was 

significantly associated with a poor DFS.  

Our findings suggest that CD133 is of potential use in prognostication for survival and 

disease recurrence. These findings are very much in keeping with the current literature, 

which links CD133 expression with poor survival outcomes and resistance to treatment 

across a range of malignancies (C. Fang et al., 2017; Hou, Chao, Tung, Wang, & Shan, 

2014; Zhong, Shi, Zhou, & Wang, 2018). Additionally, as with Oct-4, CD133 expression 

has also previously been linked to the BO – early OAC – advanced OAC sequence 

(Mokrowiecka et al., 2017): a trend which merits investigation in GEJA.  

It is important to take caution in comparing studies which investigate CD133 staining due 

to a variability in staining patterns between different clones (Hermansen et al., 2011). 

Nevertheless, taken in the context of consistent reports of CD133 as a CSC marker, these 

findings support its role as putative CSC marker and prognostic aid in GEJA.  
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5.4 Significance of mRNA, miRNA and Protein 

Expression Data 
 

 

Evidence to Support the Role of EMT in GEJA 

Overall, the gene expression analyses identified a significant relationship between EMT 

genes and clinical outcomes. The association between poor DFS with upregulation of 

Vimentin and downregulation of CDH1 expression supports the role of EMT in 

promoting aggressive tumour behaviour in GEJA.  

Whilst the link between increased Vimentin expression and poor DFS seems incongruous 

with the described association between decreased expression and enhanced drug 

resistance, both observations are nevertheless considered to be valid. It is certainly 

possible that Vimentin exerts its effect on disease recurrence and treatment response 

through different molecular pathways. Additionally, the impact of adjuvant therapy upon 

disease recurrence has not been taken into consideration and may play a role in enhancing 

the DFS of patients with low Vimentin expression. However, it is important to confirm 

the validity of these findings through analysis of Vimentin gene expression in a larger 

patient cohort. 

Contrary to the results of the gene expression analysis, the expression patterns of E-

cadherin and Vimentin proteins were not in keeping with the study hypothesis that ‘higher 

grade’ and ‘lower grade’ tumour samples would express mesenchymal and epithelial 

phenotypes respectively. It was observed that the majority of samples, regardless of 

histological delineation, expressed a mesenchymal phenotype, which is classically 

associated with aggressive tumour behaviour. This observation is notable in the context 

of a study population, which contains a majority of advanced GEJAs (T3/4), yet despite 
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this the observed expression patterns were not significantly associated with any adverse 

outcomes.  

 

Evidence to Support the Role and Characterisation of CSCs in GEJA 

Whilst the expression patterns of genes associated with EMT were shown to be 

significantly associated with adverse clinical outcomes, no stemness genes showed 

significant expression patterns. It was anticipated that expression of Serpine-1 and 

stemness markers NANOG, POU5F1 would also correlate with adverse clinical 

outcomes, however the lack of significant findings has been attributed to the use of FFPE 

for RNA extraction in this study. It is also important to remember that intra-tumour 

heterogeneity and the inherent plasticity of CSCs both complicate analysis of these 

expression patterns. 

Our protein expression analysis supports the use of EpCAM, Oct-4, ALDH1A1 and 

CD133 as markers of putative CSCs in GEJA. As previously discussed in Section 1.3.1, 

there are many limitations to accurate identification of CSCs, including CSC plasticity, 

heterogenous expression throughout the tumour and indeed co-expression patterns in 

differentiated cell types (Prasetyanti & Medema, 2017; Y. Wu & Wu, 2009). Further 

studies looking at the expression of these markers at the cellular level are required to 

validate their role as CSCs in GEJA.  

 

Evidence to Support the Overlapping Roles of EMT and CSCs in GEJA 

The results of the gene and protein expression analyses were discordant, however miRNA 

expression patterns indicate an overlapping role of EMT and CSCs in GEJA. Because the 
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activities of miRNAs frequently overlap, thus their regulatory actions must not be 

interpreted as independent of each other. Indeed, the miRNAs shown to have a significant 

association with EMT, CSC-like cells and adverse clinical outcomes in this study (miR-

21, miR-221, miR-16, miR-141 and miR-224) overlapped greatly in terms of the 

signalling pathways and gene targets that they regulate (Appendix 3). For example, each 

of these 5 miRNAs was implicated in the regulation of the signalling pathways involved 

in regulating stem cell pluripotency, with many shared gene targets including Wnt and 

SMAD family members. Furthermore, the regulation of the TGF-β pathway involved in 

EMT induction is shared by miR-221, miR-224, miR-16 and miR-141, again with 

frequently overlapping gene targets.  

These observations highlight the role of these miRNAs in the regulation of EMT and 

putative CSCs in GEJA. They support the use of a miRNA signature panel in the clinical 

setting as a prognostic biomarker for aggressive tumour behaviour, and they have 

identified a number of potential overlapping gene targets for potential use in the 

development of novel anti-cancer treatments. Additionally, miRNA expression patterns 

may help to explain the discordance noted between the significance of mRNA and protein 

expression patterns related to EMT and CSCs in this study due to their influence on a 

wide range of regulatory processes that occur via a range of different signalling pathways 

post mRNA production. However, this is only speculatory and further investigation 

would be required to confirm or refute this theory.  
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5.5 Prognostic Utility of a Molecular Expression 

Panel in GEJA 
 

Whilst the expression patterns of individual genes, miRNAs and proteins showed some 

significant associations with adverse clinical outcomes, their utility as a collective model 

was additionally investigated to determine their combined predictive ability.  

The predictive model used in this study included each mRNA, miRNA and protein 

marker, in addition to sex and age at diagnosis. It was shown to be of use in predicting 

‘higher grade’ tumour samples, with an accuracy rate of 83.5%, although its accuracy 

decreased to 43.1% when trying to identify ‘lower grade’ samples. A similar pattern was 

seen in prediction of disease recurrence, whereby recurrence was predicted with 81% 

accuracy, as compared to 53.5% for prediction of no recurrence.  

Of great interest, NANOG and POU5F1 were amongst the most important datapoints 

used by the model to make these predictions. This indicates that despite their limited 

prognostic utility in univariate analyses, they may still hold potential as part of a 

multivariate predictive model. It is also interesting to note that the most significant 

markers involved in these predictive models are markers of stemness and putative CSCs, 

whilst EMT markers held significantly less weight. No other studies were identified in 

the current literature which described this trend.  

This is to date the only multivariate analysis of this size looking at the predictive value 

of a cohort of expression markers in GEJA. Whilst the degree of accuracy of this model 

is not yet sufficient to support its use in the clinical setting, it nevertheless warrants further 

interrogation with a refinement of certain datapoints and a greater sample size to 

determine its potential role in prognostication for patients with GEJA.  
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5.6 Study Applications 
 

This study has identified a range of molecular markers associated with CSC-like cells 

and EMT which may be of use in the clinical setting to identify patients with clinically 

aggressive GEJA. The potential prognostic utility of these markers, used in isolation or 

in combination as part of a predictive model, has been clearly demonstrated. Furthermore, 

characterization of the molecular markers of CSC-like cells and the signalling pathways 

involved in their regulation presents a number of molecular targets which may be used in 

the development of novel anti-cancer drug therapies. Such targeted therapies may help to 

improve treatment response and thus survival outcomes in patients with GEJA. 

 

5.7 Study Limitations 
 

This study is not without its limitations. It is important to remember that the clinical 

outcomes discussed in this study are somewhat limited by the small sample size, which 

may have increased the variability of the data collected. This issue is further exacerbated 

by incomplete data collection, as was the case in conducting the survival analyses. Here, 

because this is a retrospective cohort study, all patients who were not formally recorded 

in the clinical notes as deceased were considered to be alive on the final date of data 

collection. Additionally, the ‘lost to follow up’ date was used as a surrogate date of death 

for five patients who had no recorded clinical episodes for a number of years but for 

whom no definite date of death was identifiable. The survival analyses were thus limited 

by the assumptions of survival outcomes in patients without a recorded date of death in 

the clinical notes. 
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LCM sampling of ‘lower grade’ and ‘higher grade’ areas of tumour was limited by inter-

observer variability and intra-tumour heterogeneity, in addition to technical difficulties 

in extracting pure tumour cells without simultaneously capturing small volumes of 

adjacent connective tissue. Should this study be replicated in the future, differences in 

histological interpretation of tumour differentiation and interpretation of what depth of 

tumour constitutes the ‘tumour edge’ may decrease the reproducibility of the results. 

Furthermore, generous versus prudent tumour sampling by the surgical pathologist upon 

initial receipt of the resection specimen may have had a bearing on whether the areas 

sampled were truly reflective of the biological nature of the entire tumour. This point is 

emphasised in a study by Agoston et al, which described the need to submit the entire 

tumour bed in OAC specimens without macroscopic evidence of residual tumour: they 

stated that variable outcomes for patients with reported CPR was explained by the 

adequacy of histologic examination of the tumour bed (Agoston et al., 2015).  

This study was also somewhat limited by difficulties in quantification of small volumes 

of RNA. It was difficult to ascertain the number of cells sampled during LCM, and thus 

was reflected in the difficulties in quantifying small volumes of RNA. Because many of 

the cases had only tiny volumes of residual tumour post-NAT, formal RNA quantification 

was not performed following extraction due to the decreased sensitivity in measurement 

of such small volumes. Pre-amplification was instead performed on all samples, thus the 

inherent sampling bias remained equal across the entire cohort. 

Due to an unequal distribution of NAT amongst the study population, it was not possible 

to determine if there was a significant difference in the molecular expression patterns 

between the two groups. The expression data must therefore be interpreted with caution 

as it cannot be assumed that NAT does not confer a lasting alteration in molecular patterns 

upon a tumour. Furthermore, patients within the study population were not subdivided as 
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per individual NAT regimens received as the resulting small numbers would have made 

analyses unreliable. The impact of adjuvant therapy was not explored in this study, but it 

is important to remember its potential influence upon survival outcomes that will not be 

reflected in the molecular expression patterns of the excision specimen.  

 

5.8 Conclusions and Recommendations for 

Further Research 
 

An extensive expression analysis on an Irish cohort of surgical resection specimens for 

GEJA has been performed in this thesis in order to determine the presence or absence of 

a specific molecular expression pattern associated with aggressive disease. As molecular 

medicine continues to grow in importance in the clinical setting, it is imperative that the 

knowledge pertaining to GEJA continues to increase in order to provide the best clinical 

care for patients. Analysis of the expression data in this study points towards a role of 

certain markers, used both individually and as part of a combined predictive model, as 

prognostic biomarkers of aggressive GEJA.  

The ability of this study to conclusively identify CSCs, as distinct from non-CSCs, was 

limited by intra-tumour heterogeneity, tumour cell plasticity and a paucity of published 

literature pertaining to this subject with which to compare the expression patterns 

observed in GEJA. Nevertheless, the analyses have identified significant expression 

patterns of known CSC markers within aggressive areas of GEJA. Additionally, 

bioinformatic interrogation of miRNA expression patterns demonstrated that each 

miRNA of significance was involved in the regulation of signalling pathways associated 

with pluripotency of stem cells. This data merits further interrogation at the cellular level 
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in order to confirm the role of these markers in aggressive GEJA and thus support their 

role as a prognostic tool in the clinical setting.  

Further large scale validation studies using frozen tissue or cell cultures are required in 

order to investigate the role of stemness genes NANOG and POU5F1 in GEJA. A larger 

comprehensive study of patients with GEJA would be of additional benefit in order to 

determine if the expression markers which were identified as significant hold equal 

weight both pre- and post-NAT. Should this be the case, they would hold great benefit as 

prognostic markers at the point of initial diagnosis, and as a potential targets for novel 

first line drug therapies. 

It is hoped that this research will contribute to the growing body of knowledge regarding 

disease progression and the role of CSCs in GEJA. This study is believed to be the first 

to investigate such a wide panel of expression markers in GEJA, and it is hoped that it 

will direct future studies and hopefully help to unravel the mystery of the roles and 

regulation of CSCs in GEJA.  
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Appendix One: Fold Change Data for 

Paired Tumour Samples 

  



272 
 

Appendix Table 1.1 Directions of Change in Expression of 5 Genes in Paired Tumour Samples. 

 NANOG POU5F1 Vimentin CDH1 Serpine1 

1 ↑ ↓ ↑ 0 NA 

2 ↓ ↓ ↑ 0 NA 

3 ↓ ↓ 0 0 NA 

4 ↓ ↓ ↓ 0 NA 

5 ↑ ↑ 0 0 ↓ 

6 ↓ ↓ 0 0 0 

7 ↑ ↑ 0 ↓ 0 

8 ↑ ↑ 0 0 0 

9 ↓ ↓ 0 0 0 

10 ↓ ↓ ↑ 0 ↑ 

11 0 ↓ 0 0 0 

12 ↑ ↑ ↓ ↓ 0 

13 ↑ ↑ ↓ ↓ 0 

14 ↑ ↑ 0 0 0 

15 ↓ ↓ 0 0 0 

16 ↑ ↓ ↑ ↓ 0 

17 ↑ ↑ 0 0 0 

18 ↑ ↑ 0 0 0 

19 ↑ ↓ ↓ 0 0 

20 ↓ ↑ 0 0 0 

21 ↓ ↓ 0 0 0 

22 ↓ ↑ 0 0 0 

23 ↓ ↓ 0 0 0 

24 ↓ ↑ 0 0 0 

25 ↑ ↑ 0 0 0 

26 ↑ ↑ ↓ 0 0 

27 ↑ ↓ 0 0 0 

28 ↓ ↑ 0 0 0 

29 ↓ ↑ 0 0 0 

30 0 ↓ 0 0 0 

31 ↑ ↓ ↓ 0 0 

32 ↓ ↑ 0 0 0 

33 ↓ ↑ 0 0 0 

34 ↑ ↓ 0 ↑ 0 

35 ↑ ↑ ↓ ↓ 0 

36 ↑ ↑ 0 0 0 

37 ↑ ↑ ↓ ↓ 0 

38 ↓ ↓ ↓ 0 0 

39 ↑ ↑ ↑ ↓ 0 

40 ↑ ↑ 0 0 0 

41 ↑ ↓ ↑ 0 0 

42 ↑ ↑ ↑ 0 0 

43 NA NA NA NA NA 

44 ↓ ↓ 0 0 0 

45 ↓ ↑ 0 0 0 

46 ↑ ↓ 0 0 0 

47 ↑ ↑ 0 0 0 

48 ↓ ↑ ↓ 0 0 

49 ↓ ↓ ↓ 0 0 

50 ↑ ↑ ↓ 0 0 

51 ↓ ↑ ↑ 0 0 

52 ↑ ↓ 0 0 0 

53 ↑ ↑ ↓ 0 0 

54 ↓ ↓ 0 0 0 

55 ↑ ↑ 0 0 0 

56 ↑ ↑ 0 0 0 

57 NA NA NA NA NA 

58 NA NA NA NA NA 
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Appendix Table 1.2 Patterns of Fold Change in Expression of 5 Genes in Paired Tumour Samples. 

Fold Change NANOG POU5F1 VIM CDH1 SERPIN 

1 0.635578 -6.14084 NA 0 NA 

2 0.315849 -0.2488 NA 0 NA 

3 -2.17788 4.277314 0 0 NA 

4 7.934712 13.54419 -267.063 0 NA 

5 2.266959 1.10533 0 0 NA 

6 0 1.032724 0 0 0 

7 16.28798 -1.85929 0 NA 0 

8 NA 0.512681 0 0 0 

9 0.171035 -0.16899 0 0 0 

10 NA 0.542256 6.67693 0 NA 

11 0 -0.81286 0 0 0 

12 -0.3709 -0.91603 NA NA 0 

13 3.125757 0.976166 NA NA 0 

14 -3.88207 0.066168 0 0 0 

15 NA -0.9692 0 0 0 

16 -2.62772 0.38434 NA 0.726109 0 

17 4.684521 -0.99548 0 0 0 

18 NA NA 0 0 0 

19 1.34974 -1.17354 NA 0 0 

20 2.452959 0.232825 0 0 0 

21 1.254187 -0.28725 0 0 0 

22 12.72344 3.436246 0 0 0 

23 -0.30968 2.73825 0 0 0 

24 -0.25486 0.71189 0 0 0 

25 -0.49094 0.120471 0 0 0 

26 -1.58225 0.197693 NA 0 0 

27 0.735062 12.3061 0 0 0 

28 1.273408 0.783474 0 0 0 

29 NA 0.709273 0 0 0 

30 0 -7.16857 0 0 0 

31 -0.76542 2.645437   0 0 

32 NA -0.42627 0 0 0 

33 1.14588 0.839632 0 0 0 

34 0.651368 1.514028 0 NA 0 

35 0.829427 0.589938 NA NA 0 

36 -0.6919 0.089202 0 0 0 

37 -0.06519 0.231518 NA NA 0 

38 1.521038 -31.2297 NA 0 0 

39 -2.03388 -0.07437 0 NA 0 

40 -0.19321 0.45659 0 0 0 
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Appendix Table 1.2 Patterns of Fold Change in Expression of 5 Genes in Paired Tumour Samples. 

 

 

 

 

 

 

 

 

 

 

 

41 0.880112 1.250526 0.539014 0 0 

42 0.867177 0.542148 2.207717 0 0 

43 NA NA NA NA NA 

44 -1.29228 -2.92816 0 0 0 

45 3.92292 -0.1168 0 0 0 

46 0.903058 1.442796 0 0 0 

47 NA 0 0 0 0 

48 -0.85926 0.48406 NA 0 0 

49 -2.49181 167.8793 NA 0 0 

50 -0.95095 -1.96154 NA 0 0 

51 1.11198 0.246568 NA 0 0 

52 NA 0.147434 0 0 0 

53 0.247503 0.254485 NA 0 0 

54 -1.68928 2.409591 0 0 0 

55 0.334525 0.286401 0 0 0 

56 NA 0.944754 0 0 0 

57 NA NA NA NA NA 

58 NA NA NA NA NA 
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Appendix Table 1.3 Directions of Change in Expression of 9 miRNAs in Paired Tumour Samples. 

 

 miR16 miR17 miR21 miR221 miR10b miR223 miR200a miR141 miR224 

1 0 0 ↑ ↑ 0 ↑ ↑ ↑ 0 

2 0 ↓ ↑ 0 0 0 ↑ ↑ 0 

3 ↑ 0 ↑ ↑ 0 0 ↑ ↑ ↑ 

4 0 0 ↑ 0 0 0 ↑ 0 ↑ 

5 0 0 0 0 0 0 0 ↑ 0 

6 ↑ 0 ↑ ↑ ↑ 0 ↔ ↑ ↑ 

7 ↓ 0 ↓ ↑ ↓ 0 ↓ ↓ ↑ 

8 0 0 ↑ ↑ 0 0 ↓ ↑ ↑ 

9 0 0 0 0 0 0 0 ↑ 0 

10 ↓ ↓ ↓ 0 0 0 ↓ ↓ ↓ 

11 0 ↓ ↓ ↑ 0 0 ↑ ↓ ↓ 

12 0 0 ↓ ↓ 0 ↓ ↓ ↓ 0 

13 ↑ ↑ ↓ ↑ ↑ ↑ ↑ ↓ ↓ 

14 ↓ 0 ↓ ↓ 0 0 ↓ ↓ 0 

15 0 0 0 0 0 0 0 0 0 

16 0 ↑ ↑ ↑ 0 0 ↑ ↑ ↑ 

17 ↓ 0 ↑ ↔ 0 0 ↓ 0 ↓ 

18 0 0 ↑ ↑ ↑ 0 ↑ ↑ ↑ 

19 0 0 ↑ ↑ 0 ↑ ↑ ↑ ↑ 

20 0 0 ↓ ↓ 0 0 ↑ ↑ ↑ 

21 ↓ 0 ↑ ↑ 0 ↑ ↓ ↓ ↓ 

22 ↓ ↓ ↑ ↑ ↓ 0 ↑ NA ↑ 

23 ↑ 0 ↓ ↑ ↓ 0 ↓ ↓ ↑ 

24 ↑ ↑ ↓ ↑ 0 0 ↓ ↑ ↓ 

25 ↑ ↑ 0 ↑ 0 ↓ ↓ ↓ ↓ 

26 0 0 ↓ ↓ 0 0 ↓ 0 ↓ 

27 0 0 0 0 0 0 0 0 0 

28 ↓ 0 ↔ 0 0 0 ↓ 0 0 

29 0 0 ↑ ↑ 0 0 ↓ ↑ ↑ 

30 ↑ ↑ ↑ ↑ 0 0 ↑ ↓ ↓ 

31 0 ↑ ↓ ↑ 0 0 ↑ ↓ ↓ 

32 ↓ 0 ↓ 0 ↓ 0 ↑ 0 ↓ 

33 ↑ ↑ ↓ 0 0 0 ↓ ↓ ↑ 

34 ↑ ↑ ↓ ↑ 0 0 ↓ ↓ ↑ 

35 ↓ 0 ↑ ↓ ↓ 0 ↓ ↓ ↓ 

36 ↓ ↓ ↑ ↓ 0 0 ↑ ↑ ↓ 

37 ↓ ↓ ↓ ↓ 0 0 ↓ ↑ ↓ 

38 ↓ 0 ↓ 0 0 0 ↓ 0 ↑ 

39 0 0 0 0 0 0 0 ↓ 0 

40 0 0 ↑ ↑ 0 0 ↑ 0 0 

41 0 ↑ ↑ ↓ 0 0 ↑ ↑ ↑ 

42 ↓ ↓ ↓ ↓ 0 0 ↑ ↑ ↓ 

43 ↑ 0 ↑ ↑ ↑ 0 ↑ ↑ ↑ 

44 0 0 ↓ 0 0 0 0 ↓ 0 

45 0 0 ↓ ↑ 0 0 0 ↑ 0 

46 0 0 0 ↓ 0 0 0 0 0 

47 0 0 ↑ 0 0 0 ↑ 0 0 

48 0 0 0 0 0 0 ↑ 0 0 

49 ↓ ↓ ↓ ↓ 0 ↓ ↑ ↓ ↑ 

50 0 ↓ ↓ 0 0 0 ↓ ↓ ↓ 

51 0 0 ↑ 0 0 0 0 ↑ 0 

52 0 0 ↑ ↑ 0 0 ↑ 0 0 

53 0 0 ↑ 0 0 ↓ ↓ ↑ ↑ 

54 ↑ ↑ ↓ ↑ ↑ 0 ↑ ↓ ↑ 

55 ↓ ↓ ↓ ↓ 0 0 ↓ 0 ↓ 

56 0 0 0 0 NA 0 0 NA 0 

57 NA NA NA NA NA NA NA NA NA 

58 NA NA NA NA NA NA NA NA NA 
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Appendix Table 1.4 Patterns of Fold Change in Expression of 9 miRNAs in Paired Tumour 

Samples. 

Fold 

Change 

miR16 miR17 miR21 miR221 miR10b miR223 miR200a miR141 miR224 

1 0 0 NA NA 0 NA NA NA 0 

2 0 NA NA 0 0 0 NA 0.878662 0 

3 NA 0 1.696205 NA 0 0 NA 0.317666 NA 

4 0 0 -2.43651 0 0 0 NA 0 NA 

5 0 0 0 0 0 0 0 NA 0 

6 NA 0 NA NA NA 0 0 NA NA 

7 0.138499 0 0.094396 NA NA 0 8.453346 4.464214 NA 

8 0 0 -3.69735 NA 0 0 NA 0.415727 NA 

9 0 0 0 0 0 0 0 NA 0 

10 149.3175 NA -0.3418 0 0 0 NA -0.633 NA 

11 0 NA 0.44037 -17.3488 0 0 NA -1.75024 NA 

12 0 0 0.860041 NA 0 NA NA NA 0 

13 0 0 NA 0 0 0 0 NA NA 

14 NA 0 -0.31127 NA 0 0 0 NA 0 

15 0 0 0 0 0 0 0 0 0 

16 0 0 93.33224 NA 0 0 NA NA NA 

17 NA 0 1.427751 1 0 0 -2.81473 0 NA 

18 0 0 NA NA NA 0 NA NA NA 

19 0 0 3.546538 NA 0 NA NA NA NA 

20 0 0 0.92371 NA 0 0 -26.6101 0.168144 NA 

21 -1.68418 0 8.010903 NA 0 NA NA 1.281703 -1.18511 

22 -0.95346 0.07529 -2.87828 -1.15079 NA 0 0.043755 NA NA 

23 NA 0 0.431799 NA NA 0 NA -4.692 NA 

24 NA NA 0.815345 NA 0 0 NA NA NA 

25 NA -19.0848 0 NA 0 NA NA -0.86034 NA 

26 0 0 0.573361 NA 0 0 NA 0 NA 

27 0 0 0 0 0 0 0 0 0 

28 NA 0 1 0 0 0 NA 0 0 

29 0 0 -19.7456 2.482868 0 0 0 NA NA 

30 NA NA 0.715607 NA 0 0 -6.58883 -1.69625 NA 

31 0 NA -0.51283 NA 0 0 1.417998 1.055718 3.188187 

32 NA 0 NA 0 NA 0 4.555576 0 1.55357 

33 NA NA 0.146794 0 0 0 NA 1.733775 NA 

34 NA NA 0.184398 NA 0 0 1.191231 -0.46881 -4.16372 

35 NA 0 2.266563 NA NA 0 -4.61839 2.747833 -3.87273 

36 NA NA 12.92308 NA 0 0 1.900501 NA NA 

37 NA NA NA NA 0 0 4.116958 -0.38699 NA 

38 NA 0 NA 0 0 0 NA 0 NA 

39 0 0 0 0 0 0 0 NA 0 

40 0 0 -27.0677 NA 0 0 NA 0 0 
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Appendix Table 1.4 Patterns of Fold Change in Expression of 9 miRNAs in Paired Tumour 

Samples. 

41 0 NA -2.63807 NA 0 0 7.698302 -0.76784 NA 

42 -0.92736 NA 0.978215 NA 0 0 NA 0.309645 NA 

43 NA 0 NA NA NA 0 NA NA NA 

44 0 0 NA 0 0 0 0 NA 0 

45 0 0 NA NA 0 0 0 NA 0 

46 0 0 0 NA 0 0 0 0 0 

47 0 0 NA 0 0 0 NA 0 0 

48 0 0 0 0 0 0 0 0 0 

49 NA NA NA NA 0 NA -30.1251 NA NA 

50 0 NA NA 0 0 0 NA NA NA 

51 0 0 NA 0 0 0 0 NA 0 

52 0 0 NA NA 0 0 NA 0 0 

53 0 0 2.59192 0 0 NA 0.286626 NA NA 

54 NA NA 0.353013 NA NA 0 1.210505 -10.3418 NA 

55 NA NA -0.11487 NA 0 0 NA 0 NA 

56 0 0 0 0 NA 0 0 NA 0 

57 NA NA NA NA NA NA NA NA NA 

58 NA NA NA NA NA NA NA NA NA 
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Appendix Table 1.5 Directions of Change in Expression of 7 Proteins in Paired Tumour Samples. 

 

 EpCAM Oct-4 CD34 E-cadherin Vimentin ALDH1A1 

Total 

CD133 

% 

CD133 

Topology 

1 ↓ 0 0 ↔ 0 ↔ ↓ ↓ 

2 ↓ ↓ 0 ↔ 0 ↓ 0 0 

3 ↓ 0 0 ↔ 0 ↓ 0 0 

4 NA NA NA ↔ 0 ↔ ↑ ↔ 

5 ↓ ↓ 0 ↔ 0 ↓ ↑ ↑ 

6 ↓ 0 0 ↔ 0 ↓ 0 0 

7 ↔ ↔ 0 ↔ 0 ↓ ↑ ↑ 

8 ↔ 0 0 ↔ 0 ↔ ↔ ↔ 

9 ↑ ↔ 0 ↔ 0 ↑ ↓ ↓ 

10 ↔ 0 0 ↔ 0 ↑ ↓ ↓ 

11 ↔ 0 0 ↔ 0 ↓ 0 0 

12 ↔ 0 0 ↔ 0 ↔ 0 0 

13 ↔ 0 0 ↔ 0 ↓ ↑ ↑ 

14 ↓ ↓ 0 ↔ 0 ↔ ↔ ↔ 

15 NA NA NA NA NA ↑ ↑ ↑ 

16 NA 0 0 ↔ NA ↑ ↔ ↔ 

17 ↔ ↓ 0 ↔ 0 ↓ ↔ ↔ 

18 ↔ 0 0 ↔ 0 ↔ ↑ ↑ 

19 NA NA NA NA NA NA NA NA 

20 ↓ 0 0 ↔ 0 ↓ ↔ ↔ 

21 ↔ 0 0 ↔ 0 ↔ ↑ ↔ 

22 ↓ 0 0 ↔ 0 ↓ ↔ ↑ 

23 ↓ 0 0 ↔ 0 ↓ 0 0 

24 NA NA NA NA NA NA NA NA 

25 NA 0 0 NA NA ↓ 0 0 

26 NA NA NA NA NA NA NA NA 

27 ↓ 0 0 ↔ 0 ↔ ↑ ↑ 

28 ↔ 0 0 ↔ 0 ↔ 0 0 

29 NA ↓ 0 ↔ NA ↓ ↑ ↑ 

30 ↓ 0 0 ↔ 0 ↑ ↓ ↔ 

31 ↓ 0 0 ↔ 0 ↑ ↔ ↔ 

32 ↓ ↑ 0 ↓ ↑ ↑ 0 0 

33 ↓ 0 0 ↔ 0 ↑ 0 0 

34 ↔ ↔ 0 ↔ 0 0 0 0 

35 ↓ 0 0 ↔ 0 ↔ ↔ ↔ 

36 ↔ ↔ 0 ↔ 0 NA ↓ ↓ 

37 ↓ 0 0 ↔ 0 ↑ ↓ ↓ 

38 ↓ 0 0 ↓ 0 ↓ ↑ ↑ 

39 NA NA NA NA NA NA NA NA 

40 ↓ 0 0 ↔ 0 ↔ ↔ ↔ 

41 ↔ ↔ 0 ↔ 0 ↑ ↓ ↓ 

42 ↓ 0 0 ↔ 0 ↑ ↑ ↑ 

43 NA NA NA NA NA NA NA NA 

44 ↓ 0 0 ↔ 0 ↔ 0 0 

45 ↔ 0 0 ↔ 0 ↑ ↓ ↓ 

46 ↓ ↓ 0 ↔ ↑ ↔ ↓ ↓ 

47 ↔ ↔ 0 ↔ NA ↑ ↓ ↔ 

48 NA NA NA NA NA NA NA NA 

49 NA NA NA NA NA NA NA NA 

50 ↔ ↑ 0 ↔ 0 ↑ ↓ ↓ 

51 ↓ ↓ 0 ↔ ↑ ↑ ↓ ↓ 

52 ↑ 0 0 ↔ 0 ↓ ↓ ↓ 

53 ↓ ↔ 0 ↔ 0 NA NA NA 

54 NA ↑ 0 ↔ 0 ↔ ↓ ↓ 

55 ↓ ↓ 0 ↔ 0 ↑ ↓ ↓ 

56 ↓ 0 0 ↔ 0 ↔ ↔ ↔ 

57 NA 0 0 ↔ 0 ↓ ↑ ↑ 

58 ↓ 0 0 ↔ 0 NA ↓ ↓ 



279 
 

Appendix Table 1.6 Patterns of Fold Change in Expression of 7 Proteins in Paired Tumour 

Samples. 

Fold 

Change 

EpCAM Oct-4 E-cadherin Vimentin ALDH1A1 Total CD133 % CD133 Topology 

1 1.5 0 1 0 1 NA NA 

2 1.5 NA 1 0 NA 0 0 

3 2 0 1 0 1.666667 0 0 

4 NA NA 1 0 1 0.5 1 

5 2 NA 1 0 3 0 0 

6 1.5 0 1 0 1.25 0 0 

7 1 1 1 0 1.2 0 0 

8 1 0 1 0 1 1 1 

9 0.5 1 1 0 0.8 NA NA 

10 1 0 1 0 0.833333 NA NA 

11 1 0 1 0 1.25 0 0 

12 1 0 1 0 1 0 0 

13 1 0 1 0 1.333333 0 0 

14 1.5 NA 1 0 1 1 1 

15 NA NA NA NA 0.666667 0 0 

16 NA 0 1 NA 0.5 0 0 

17 1 NA 1 0 1.2 1 1 

18 1 0 1 0 1 0 0 

19 NA NA NA NA NA NA NA 

20 1.5 0 1 0 NA 1 1 

21 1 0 1 0 1 0.75 1 

22 2 0 1 0 NA 1 0.5 

23 2 0 1 0 1.2 0 0 

24 NA NA NA NA NA NA NA 

25 NA 0 NA NA NA 0 0 

26 NA NA NA NA NA NA NA 

27 1.5 0 1 0 1 0 0 

28 1 0 1 0 1 0 0 

29 NA NA 1 NA 1.25 0.666667 0.5 

30 1.5 0 1 0 0.8 2 1 

31 2 0 1 0 0.8 1 1 

32 NA NA NA NA 0.857143 0 0 

33 1.5 0 1 0 0.6 0 0 

34 1 1 1 0 0 0 0 

35 2 0 1 0 1 0 0 

36 1 1 1 0 NA NA NA 

37 2 0 1 0 0.833333 NA NA 

38 2 0 NA 0 2 0 0 

39 NA NA NA NA NA NA NA 

40 3 0 1 0 1 1 1 
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Appendix Table 1.6 Patterns of Fold Change in Expression of 7 Proteins in Paired Tumour 

Samples. 

 

 

 

 

 

 

 

 

41 1 1 1 0 NA NA NA 

42 1.5 0 1 0 NA 0 0 

43 NA NA NA NA NA NA NA 

44 2 0 1 0 1 0 0 

45 1 0 1 0 0.8 NA NA 

46 1.5 NA 1 NA 1 NA NA 

47 1 1 1 NA 0.666667 NA 1 

48 NA NA NA NA NA NA NA 

49 NA NA NA NA NA NA NA 

50 1 NA 1 0 0.75 NA NA 

51 2 NA 1 NA 0.5 2.5 2 

52 0.5 0 1 0 NA NA NA 

53 1 1 1 0 NA NA NA 

54 NA NA 1 0 1 5 2 

55 1.5 NA 1 0 0.5 NA NA 

56 2 0 1 0 1 0 0 

57 NA 0 1 0 1.666667 0 0 

58 2 0 1 0 NA NA NA 
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Appendix Two: Comparison of 

Expression Data in Patients with and 

Without Neoadjuvant Treatment 
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Appendix Figure 2.1 Box and whisker plots showing the difference in log RQ values 

of mRNA, miRNA and expression in higher grade tumour samples between patients 

who received NAT and those who did not. A = Vimentin (mRNA), B = CDH1, C = 

NANOG, D = POU5F1, E = Serpine1, F = miR21, G = miR17, H = miR16, I = 

miR10b, J = miR221, K = miR223, L = miR141, M = miR224, N = EpCAM, O = Oct-

4, P = E-cadherin, Q = Vimentin (protein), R = ALDH1A1 Total, S = CD133 

Percentage, T = CD133 Topology. No statistically significant differential expression 

was observed any mRNA, miRNA or protein. Statistical significance: Wilcoxon 

matched pairs test, p<0.05. Data graphed as mean, median, range and interquartile 

range. X represents the mean. The central horizontal line represents the median. Where 

present, the top line represents the first quartile and the bottom line represents the third 

quartile. The whiskers denote the maximum and minimum values. 
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Appendix Three: miRNA Gene Targets 
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Appendix Table 3.1 Downstream Gene Targets of a Panel of 12 miRNAs. 

 

 

 

 

miR-16 miR-17 miR-21 miR-221 miR-

223 

miR-224 miR-10b miR-

133b 

miR-203a miR-200a miR-141 miR

-

103a 

ACVR2A ACVR1 DUSP9 ACVR1C FGF2 ACVR1C ACVR2A 
 

BMPR1B ACVR1C ACVR1 
 

BMPR1B ACVR2A DVL1 ACVR2B FZD3 ACVR2A BMPR1B 
 

ID4 ACVR2A ACVR1C 
 

KRAS ACVR2B FZD3 JARID2 FZD3 FZD10 GSK3B 
 

KRAS KRAS IL6ST 
 

SKIL AKT2 PCGF6 POU5F1 IL6ST FZD3 IGF1 
 

PAX6 LIF ISL1 
 

WNT10B APC 
 

SMAD3 PAX6 IL6ST JAK3 
 

PCGF2 NRAS MAPK13 
 

 
AXIN2 

 
WNT16 PCGF3 MAPK1 LIFR 

 
PIK3R1 PAX6 REST 

 

 
BMI1 

 
ZIC3 SMAD

4 

NODAL SMAD2 
 

SMAD3 PCGF5 SMAD3 
 

 
BMPR1A 

  
WNT5

A 

PCGF2 SMAD3 
 

WNT10B SMAD2 TCF3 
 

 
COMMD3

-BMI1 

 
  

RAF1 SMAD4 
 

WNT4 STAT3 WNT8A 
 

 
FGFR1 

   
RIF1 WNT8A 

  
WNT10B WNT9B 

 

 
FGFR2 

   
SMAD5 

      

 
FZD3 

   
WNT5B 

      

 
LIF 

          

 
MYC 

          

 
PAX6 

          

 
PCGF2 

          

 
PIK3R1 

          

 
PIK3R2 

          

 
SMAD2 

          

 
SMAD3 

          

 
SMAD5 

          

 
TCF3 

          

 
WNT2B 

          

 
WNT7B 

          

 
WNT9B 

          

 
ZFHX3 
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Appendix Four: Associations between 

Molecular Expression Patterns and 

Clinical Outcomes 
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Appendix Table 4.1 Significant Associations between Clinical Outcomes and 

Increased Gene Expression. 

Gene 

Expression 

Differential 

Expression 

Clinicopathological 

Features 

Survival 

Outcomes 

Vimentin No Low TRG Poor DFS 

CDH1 No  Good DFS 

NANOG No   

POU5F1 No   

Serpine-1 No   

 

 

Appendix Table 4.2 Significant Associations between Clinical Outcomes and 

Increased miRNA Expression. 

miRNA Expression Differential Expression Clinicopathological 

Features 

Survival 

Outcomes 

miR-221 Yes Disease recurrence Poor OS 

and DFS 

miR-21 No High TRG 

Disease recurrence 

 

miR-16 No  Good OS 

miR-224 No High TRG 

Disease recurrence 

 

miR-141 No HER2 positivity  

miR-10b No   

miR-17 No   

miR-223 No   

miR-200a No   
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Appendix Table 4.3 Significant Associations and Increased Protein Expression. 

Protein 

Expression  

Differential 

Expression 

Clinicopathological 

Features 

Survival 

Outcomes 

EpCAM Yes   

E-cadherin No   

Vimentin No   

CD34 No   

Oct-4 No  Poor OS and DFS 

ALDH1A1 No  Poor OS and DFS 

CD133 No Disease recurrence Poor DFS 

 

 

 


