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Summary:

Inflammation initiated by gastroesophageal reflux disease (GORD) can lead to
development of oesophageal adenocarcinoma (OAC), through a premalignant lesion,
Barrett’s oesophagus (BO). OAC has a 5-year survival of patients with localised OAC
of 38%, which decreases dramatically if the tumour has spread. Due to the
heterogeneity observed within cancers, identification of successful therapeutics has
proved difficult. Small interfering RNAs (siRNA) may be targeted to induce gene
silencing and subsequent loss of protein expression and function. Commercially
available siRNA libraries enable simultaneous analysis of the effect of thousands of
genes on a particular outcome. This study aimed to define therapeutic targets for OAC
by utilising a siRNA library screening with the intention of identifying novel

therapeutic targets for the treatment of OAC.

Methodological and technical approaches necessary for a siRNA library screen were
extensively optimised. Statistical approaches were tested using pilot siRNA library
screening data to determine appropriate metrics and statistical interpretations for data
analysis. The combination of these statistical tests for quality control (QC) was
determined as an optimal strategy to identify siRNA gene targets which affect OAC
cell survival. A druggable genome siRNA library screen was performed using high-
grade dysplastic oesophageal cells. Statistical analysis using the quality control
metrics; t-test, Z-factor and SSMD concluded the success of the screen. Hit selection
analysis identified 118 high confidence hits that significantly reduce cell viability.
Bio-informatical examination of the hit lists defined a large proportion of immune

related gene targets, 12 of which were subsequently verified in cell lines spanning the
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oesophageal carcinogenic sequence. Use of cancer gene expression databases

indicated that, of these, LIF and C1QA may be dysregulated in OAC tissues.

Leukaemia Inhibitory Factor (LIF) is a secreted cytokine member of the IL-6 family,
which binds to its receptors LIFR and gpl30, resulting in STAT3 activation.
Validation of the role of LIF, via siRNA mediated gene inhibition, showed a
reduction in both cell survival and STAT3 activation in high grade dysplastic
oesophageal cells. Thus LIF may be essential to the observed sustained STAT3
activation in OAC cell lines. Inhibition of LIF also resulted in a significant decrease
in IL-6 mRNA expression suggesting that LIF may mediate IL-6 levels. C1QA is a
member of the serum complement system, essential in innate immunity. Inhibition of
C1QA significantly reduced high grade dysplastic cell survival with a further decrease
noted upon addition of Clq from human serum, indicating a possible negative
feedback loop. Inhibition of C1QA significantly increased B-catenin stabilisation and
Wnt signalling, significantly reducing cell survival. A double knockdown was also
performed between a panel of immune related genes, and either LIF or CI1QA,
identifying 3 genes RUNX2, TREM2 and PTCRA, which are all located within the
same chromosomal region, 6p21. Variants within this region have previously been

highlighted in genome wide association studies in association with BO.

Overall, this thesis demonstrates a novel method through which OAC cells can induce
cell viability by utilising locally derived and innate immune factors expressed within
the epithelial tumours themselves, identified through the implementation of a
successful siRNA library screen of the human druggable genome. Thus, targeting

these pathways may provide a novel approach for OAC specific future therapeutics.
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Chapter 1

General Introduction



1 General Introduction

1.1 Overview

There are two main types of oesophageal cancer; oesophageal squamous cell
carcinoma (OSCC) and oesophageal adenocarcinoma (OAC), and while incidence of
OSCC has shown a steady decline, the opposite has been found with OAC. The
incidence rates of OAC vary between countries and ethnicities; in Western countries
the incidence has increased significantly since the 1970’s, with Scottish males
showing the highest increase in incidence in Europe of 3.9% between the period 1978
to 1995 (Vizcaino et al., 2002), while in the USA an increase of 600% was noted in
the past 40 years (Yang et al., 2012, Pohl and Welch, 2005). In 2010, there were
8,477 cases of oesophageal cancer diagnosed in the UK, with 7,610 deaths due to the
disease (Cancer Research UK). Currently, Irish males have the third highest incidence
rates in Europe (Figure 1.1), following only the UK and Holland, whereas Irish and
UK females have the highest incidence rates of all EU countries. The major risk
factors associated with OAC are gastroesophageal reflux disease (GORD) and
Barrett’s Oesophagus (BO), while environmental factors such as obesity and smoking
can also increase risk of OAC onset (Hardikar et al., 2013, Lepage et al., 2013, Zhang

et al., 2009a), all of which are discussed in more detail throughout this chapter.
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Figure 1.1: European Age-Standardised Incidence Rates per 100,000, EU-27 Countries,
2008 Estimates. UK has the highest male incidence of oesophageal cancer, while UK and

Ireland have highest female incidence in Europe (Cancer Research UK, 2013)

1.2 Oesophageal Carcinogenic Sequence

The carcinogenic sequence from metaplasia to dysplasia and carcinogenesis is
characterised by several features; an increase in cell proliferation, a loss of
differentiation, reduced apoptosis and the expression of both growth factors and
adhesion molecules, all of which are included in the hallmarks of cancer. The first six

were elucidated in 2000 by (Hanahan and Weinberg, 2000) while it has also long been



suggested that there is also a clinical and epidemiological link between inflammation
and cancer, leading to it recently been upgraded to one of the hallmarks of cancer
(Figure 1.2). These phenotypic alterations that cancer cells undergo give them a
distinct selective growth advantage over normal cells; therefore, the seven identified

hallmarks are all biological processes which are acquired during tumour development.

" Iissue Invasion ard
/ Metastasis Microenvironment

Insensitivity to
Growth Inhibitors

Self Sufficiency in Growth
Signals

Limirless Replicative Potential
Evasion of Apoptosis

b /
2 Sustained Angiogenesis /
\///
Figure 1.2: Halimarks of Cancer. Each of these seven hallmarks of cancer, contribute to

the development of cancer. The inflammatory microenvironment (highlighted with red star)

has been a recent addition to the other six already established hallmarks.

Metaplasia is defined as the process in which a fully differentiated cell type replaces
another (Spechler, 2013) while dysplasia is the explicit neoplastic alteration of the
epithelium which is confined to the basement membrane of the gland where it first
arose (Riddell et al., 1983). There are a number of reasons why such dysplastic

changes can occur, frequently involving damage to the mucosa, which can cause both



genetic and/or epigenetic changes within the cells lining the oesophagus. The
incidence of intestinal metaplasia and BO has been reported to increase the risk of
developing OAC by as much as 30 to 125 times, compared to an age-matched
population (Yousef et al., 2008). This highlights the need for a better understanding of
these early stages within the carcinogenic sequence, as determination of the stage at
which the patient is within the oesophageal carcinogenic sequence is currently the

best available determinant of prognosis.

1.2.1 Genetic Abnormalities Within the Carcinogenic Sequence

Progression through the oesophageal carcinogenic sequence is characterised by a
number of genetic and epigenetic abnormalities as outlined in Figure 1.3, including
increased cyclin D1 expression, increased COX-2 activation and abnormal f-catenin
localisation (nuclear). For example, cyclin D1 expression has long been associated
with the progression from metaplasia to dysplasia, and can also stimulate cell
proliferation of oesophageal squamous cells. It has also been demonstrated that Wnt
activation and cyclin D1 are both overexpressed in OSCC, as cyclin DI is a known
target gene of the Wnt pathway. Interestingly, cyclin D1 levels are not reduced upon
Whnt inhibition suggesting that there may be alternate regulating mechanisms behind
cyclin DI overexpression (Naganuma et al.,, 2012), which requires further
investigation. COX-2 is also known to be activated in several malignant tumours
including breast, resulting in a poor prognosis (Ristimiki et al., 2002). In OSCC high
levels were found in dysplastic and invasive OSCC tissues as compared to normal
samples (Zhi et al., 2006), with results indicating that COX-2 activation occurs early
in the development and progression of OAC. By increasing our understanding of the

molecular events involved in OAC development it is believed that major advances
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could be made in the treatment of oesophageal disease. This may then allow for the

development of novel therapeutic targets which could interfere in the early stages of

tumour development thus preventing formation of an advanced tumour.

Dysplasia s Cancer
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APC LOH/Methylation

Figure 1.3: Genetic Events Occurring During the Oesophageal Carcinogenic Sequence.

The oesophageal carcinogenic sequence is well characterised in which normal squamous
epithelium transforms into oesophageal adenocarcinoma. Several important genetic

alterations are indicated which are known to occur during progression through this

sequence. (Modified from (Buttar and Wang, 2004).



1.2.2 Reflux Oesophagitis and Gastro-Oesophageal Reflux

Disease

Chronic gastro-oesophageal reflux disease (GORD) is a major risk factor of BO that
is characterised by the entry of gastric juices and bile salts (refluxate) into the distal
oesophagus following a shortening or loss of function of the lower oesophageal
sphincter (LOS). Repeated incidents of GORD can damage the mucosal layer which
may lead to inflammation and ulceration of the oesophagus (Spechler, 2013), while
healing of the injury caused by the refluxate often involves a metaplastic process
whereby intestinal-type columnar cells replace the normal squamous epithelium
(Spechler, 2013). There are several risk factors associated with development of
GORD including presence of a hiatus hernia, H. pylori infection, smoking and
obesity, resulting in symptoms such as heartburn and regurgitation which are

characteristic of GORD.

1.2.2.1Risk Factors of Gastro-Oesophageal Reflux Disease

Hiatus Hernia occurs when the gastro-oesophageal junction (GEJ) is deviated
proximally, meaning that the intrinsic sphincter is situated higher than the hiatus
which is formed by the crural diaphragm. This results in a hernia, due to the proximal
stomach now being situated within the chest, which is thought to occur due to a
weakening of the phreno-oesophageal ligament which joins the GEJ and the crura
(Lee and McColl, 2013). Hiatus hernia can cause GORD by a number of methods
including; acid being trapped within the hernia, impaired ability to clear the
oesophagus and reduced functionality of the sphincter allowing for easier passage of
the refluxate. The gastric cardia region of the stomach becomes more acidic after a

meal as compared to the rest of the stomach and it is the acid from this region, known
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as the acid pocket, that is contained within the oesophageal refluxate after meals
(Clarke et al., 2009), which is larger in patients with hiatus hernia than those without.
It is hypothesised that on ingestion of food, acid is secreted by the mucosa lining the
hernia sac when there is no food to buffer the pH level resulting in more severe
incidences of reflux due to the large amount of unbuffered acid present when the

intrinsic sphincter does not work correctly (McColl et al., 2010).

In 2004, Helicobacter pylori was upgraded to a group I carcinogen for
adenocarcinoma of the distal stomach by the World Health Organisation’s (WHO)
International Agency for Research on Cancer. It is a known cause of gastritis and can
lead to an increased risk of peptic ulcers and gastric cancer (Cavaleiro-Pinto et al.,
2011). It has been hypothesised that it is a risk factor for GORD, but this is
controversial as no definitive evidence has thus far been identified. For example, in
2012, a study demonstrated that H. pylori was inversely associated with asymptomatic
erosive oesophagitis (AEO), which confirmed previous experiments indicating that an
inverse relationship was noted between H. pylori, BO and OAC (Wang et al., 2012a,
Rokkas et al., 2007). These results indicate that H. pylori has a protective effect
against development of BO and OAC which may be due to the fact that infections
caused by H .pylori reduce the amount of gastric acid secreted therefore preventing
GORD development (Lee and McColl, 2013, Zhang et al., 2009a). On the other hand,
in a post hoc analysis of eight double-blind prospective trials of H. pylori therapy, it
was shown that eradication in patients with duodenal ulcer disease did not result in
development of erosive esophagitis, development of new symptomatic GORD, or

worsening of symptoms in patients with pre-existing GORD (Laine and Sugg, 2002).



1.2.2.1.1 The Role of Lifestyle in Development of GORD and OAC

Environmental factors can also increase the risk of OAC development. For example,
smoking has been identified as a risk factor for a number of cancers including lung,
oesophagus and stomach (Bodelon et al., 2013, Cavaleiro-Pinto et al., 2011, Spechler,
2013). Not only does tobacco have a high carcinogen content, but it can also cause
cancer development by triggering chronic inflammation (Takahashi et al., 2010). It
has been demonstrated that smoking can increase the risk of progression from non-
dysplastic BO to high-grade dysplastic BO by between 2- to 4-times that of non-
smokers (Hardikar et al., 2013, Coleman et al., 2012), but although smoking is a risk
factor there is no evidence thus far indicating that cessation of smoking can reduce

reflux symptoms (Bredenoord et al., 2013).

Another environmental risk factor, obesity and associated reduced intake of fruit and
vegetables, has been associated with a number of diseases including heart disease and
cancer (Steevens et al., 2011).In 2009, the World Cancer Research Fund reported that
35% of oesophageal cancers are attributed to obesity (Research, 2009), which further
supported previous meta-analysis findings that there was a positive association
between increased BMI and OAC (Kubo and Corley, 2006). Research has shown that
a BMI > 40 has an odds ratio (OR) of 4.76 (95%, CI: 2.96-7.66) associated with OAC
(males & females), and OR of 3.07 (95%, CI. 1.89-4.99) associated with
adenocarcinoma of the gastro-oesophageal junction (GEJ) (males & females) (Hoyo
et al., 2012) which correlates with a previous study indicating that the association
between OAC and BMI > 25 had an OR of 2.2 (95%, CI: 1.7-2.7) in males and OR of
2.0 (95%; CI 1.4-2.9) in females (Kubo and Corley, 2006). In the first published Irish

study on the association between obesity and OAC, it was shown that the OR of



OAC 1in the lower oesophagus was 11.3 times higher (95%, CI: 3.5-36.4) in patients
(male & female) who had a BMI >30 kg/m” as compared to patients who had a BMI
<22 kg/m® (p<0.001) (Ryan et al., 2006). This study also showed that in males alone,
the risk of adenocarcinoma of the GEJ was three-fold higher for males in the top
quartile (OR of 2.9 (95%, CI: 1.4-6.1)) as compared to males in the lowest quartile

(p<0.001).

The mechanisms through which obesity and increased BMI can lead to increased
OAC risk remain generally unknown, but it is believed that they are likely to be
multifactorial. One possible reason that central obesity may act as a risk factor may be
due to the increased intra-abdominal pressure which increases the gastro-oesophageal
pressure gradient (Zhang et al., 2009a, Lee and McColl, 2013, Pandolfino et al.,
2006). This increase in pressure can predispose to hiatal hernia by pushing the GEJ
towards the chest, although it has only been shown to be weakly associated, thus there
must be a more plausible explanation for the observed association. Another possible
mechanism may be the activation of pro-inflammatory pathways, through BO, which
is known to be a precursor lesion which can predispose a patient to OAC. One of the
major inflammatory pathways identified in BO is the IL-6/STAT3 pathway, of which
the cytokine IL-6 plays an important role (Dvorak et al., 2007, Berishaj et al., 2007,
Jarnicki et al., 2010). IL-6 is also secreted by metabolically active fat cell, along with
other widely studied cytokines including TNF-a and IL-8 (Guzik et al., 2006). A
feedback loop is thus created as adipocyte hypoxia can result in adipocyte tissue
macrophage (ATM) infiltration and activation, recruitment of inflammatory cytokines

into adipose tissue, resulting in a pro-inflammatory state, thus expressing further
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cytokines (IL-6 and TNF-a), and releasing them into the portal and systemic

circulation (van Kruijsdijk et al., 2009, Ryan et al., 2011).

Lack of exercise can also be a risk factor for developing OAC, as a one large scale
study of both men and women in the USA identified that increased physical activity
was associated with a decreased risk of adenocarcinomas of the upper gastrointestinal
tract (Leitzmann et al., 2009). The study also suggested that some exercise is better
than none at all, as the apparent protective effect was reached at a relatively low
threshold. In a more recent meta-analysis, it was shown that oesophageal cancer
risk was 29% lower among the most physically active compared to the least
physically active subjects (OR, 0.71; 95% CI, 0.57-0.89) (Singh et al., 2014). This
study also identified that physical activity was decreased the risk of developing OAC
by 32% (4 studies, 503 cases of EAC; OR, 0.68; 95% CI, 0.55-0.85). In relation to
OSCQC, there were only 3 studies, and there did not appear to be any association noted
(OR, 1.10; 95% (1, 0.21-5.64). The general conclusion that can be drawn from these
studies is that overweight and lack of exercise can increase risk of OAC development,
particularly but not exclusively in white males, therefore controlling obesity rates and

promoting a more healthy lifestyle could help reduce the risk of OAC development.

1.2.2.2Acid Reflux and the Refluxate

Pathological abnormalities such as intestinal metaplasia of the gastric cardia, BO and
inflammation can be caused by acid reflux (Lee and McColl, 2013) as previously
mentioned. The composition of the refluxate (gastric contents) is quite complex, as it
can also include contents from the duodenum such as bile acids and pancreatic juices,

and air. A number of factors can help determine the contents of the refluxate
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including; speed of gastric emptying, post-prandial mixing of the gastric contents, the
presence of an acid pocket, and also the use of PPI’s. Generally, the stomach contents
are acidic with a pH of 1.5-3.5, although this may be higher in patients treated with
PPI’s, and the mixing of stomach acid with food can increase the pH, therefore
reducing the risk of damage to the oesophageal lining. An acid pocket contains
stomach contents that are not mixed with food so that the pH remains low, and when a
reflux episode occurs it can cause mucosal damage; while in patients with GORD the
presence of an acid pocket is common, this pocket is generally larger in patients with

a hiatus hernia (McColl et al., 2010).

Not all patients with acid reflux present with symptoms of oesophagitis, suggesting a
role for the other contents of the reflux. The refluxate consists of acid, gastric juice
components such as pepsin, and elements of the duodeno-gastro-oesophageal reflux
(DGOR) such as bile acid. Pepsin is a highly acidic protein that is secreted in the
gastric juice and is activated by low pH levels. In 2001, Tobey et al., demonstrated
that exposure of rabbit oesophageal tissue to acidic pepsin (pH < 3) increased tissue
damage and produced an irreversible lesion, while a reversible lesion was shown after
exposure to acid alone (Tobey et al., 2001). This irreversible lesion resulted in para-
cellular permeability, which may lead to development of erosive damage by allowing

acids access to the basolateral membrane of the oesophageal cells.

Bile acids are organic anions that are the primary constituent of bile that aid fat
digestion. Cholesterol metabolism results in the formation of cholic and
chenodeoxycholic acids which are the primary bile acids, while the secondary bile

acids; deoxycholic and lithocholic acids, are produced in the colon by bacterial

12



dehydroxylation of the primary bile acids and have potentially oncogenic effects (Pai
et al., 2004, Baek et al., 2010). Several studies have highlighted the importance of bile
reflux in development of Barrett’s metaplasia. For example, neoplastic progression of
Barrett’s metaplasia has been highlighted in two patients that had bile reflux but not
pathological acid reflux (Jankowski et al., 1993), and exposure of the oesophagus to
total bile acids shows a correlation with worsening mucosal damage leading to BO
(Dixon et al., 2001). Metaplasia can occur due to the presence of chronic
inflammation caused by the refluxate, which may predispose to dysplasia and
malignancy (Picardo et al., 2012), and in the oesophagus, chronic inflammation
caused by GORD can result in intestinal metaplasia which appears to be more

resistant to injury by the refluxate, resulting in BO (Zhang et al., 2009a).

1.3 Barrett’s Oesophagus

Barrett’s oesophagus (BO) is the replacement of normal stratified squamous epithelia
with metaplastic columnar epithelium, which can be induced by gastroesophageal
reflux disease (GORD) in the distal oesophagus (Picardo et al., 2012, Yang et al.,
2012, Spechler, 2013, Jankowski et al., 2000). Damage to the normal epithelia, due to
acid reflux, can result in inflammation and replacement of the injured cells by
intestinal columnar cells rather than the original normal squamous cells. Intestinal
type metaplasia results in the surface epithelia showing villous type edges (Figure
1.4), with intestinal-like crypts that are lined by columnar cells which secrete mucous,
and goblet cells that contain mucin (Prasad et al., 2010). There are two other
histological types of columnar epithelial metaplasia, gastric fundus and junctional
types, but it is only the intestinal type that predisposes to adenocarcinoma (Lekakos et

al., 2011).
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Figure 1.4: Progression from Normal Squamous Epithelium to Oesophageal
Adenocarcinoma. Normal distal oesophageal squamous cells transform to adenocarcinoma
via a number of steps including BO without dysplasia, low grade dysplasia (LGD) and high
grade dysplasia (HGD) (Conteduca et al., 2012)

Although the rate of transformation from BO to OAC is variable, it is believed that
from BO without dysplasia to OAC the rate is 0.5% per annum, while it can increase
to up to 10% per annum in patients with low grade dysplasia (Lin et al., 2012,
Jankowski et al., 2000, Conteduca et al., 2012), and for patients with high grade
dysplasia the rate of transformation has been reported to be up to 20-40% (Collard,
2002, Rastogi et al., 2008, Reid et al., 2000). Dysplasia can occur in two grades with
BO; low grade and high grade dysplasia, and is thus far the only widely used predictor
for invasive adenocarcinoma development. Dysplasia can extend to either the
basement membrane, into the lamina propria or muscularis mucosa, which is termed
‘intramucosal adenocarcinoma’, but if it penetrates further into the muscle tissue of
the oesophagus it is referred to as ‘invasive adenocarcinoma’ (Lekakos et al., 2011).
The latter is recognised at a much later stage of cancer development, which must

therefore be treated more aggressively.
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1.3.1 Proposed Theories for the Origins of Barrett’s Oesophagus

BO develops when oesophageal squamous cells are replaced with intestinal
metaplasia, although the exact mechanism by which this occurs remains unknown.
There are four main theories that have come to light which may help to elucidate the
origin. The first theory is that the BO type cells migrate upwards from the cells at the
transitional zone of the gastroesophageal junction, thereby colonising the distal
oesophagus or gastric cardia as a response to damage caused by the refluxate (Barbera
and Fitzgerald, 2010, Hamilton and Yardley, 1977). If this theory were correct an
uninterrupted progression of the cardia to BO mucosa would be present along the
oesophagus, but this theory has not been supported by canine studies, in which it was
shown that columnar epithelium can still be present above a squamous barrier (Li et

al., 1994).

The second theory put forward is that BO originates due to transdifferentiation, which
is the irreversible conversion from one fully differentiated state to another. This
theory was supported by a murine study suggesting that squamous oesophageal cells
can arise directly from columnar basal cells, without the need for cell division (Yu et
al., 2005). In contrast, refuting this theory is the evidence that radiofrequency ablation
of BO epithelium results in the development of new squamous epithelium (Chadwick

et al., 2014).

A third theory suggests that stem cells may play a role in the development of BO. It is
suggested that BO may develop from the change of multipotent stem cells, from
normal squamous to columnar epithelial due to repeat exposure to an environmental

stress such as the refluxate. There are two main types of stem cell; epithelial stem
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cells, and stem cells that are non-intrinsic to the epithelium (gland duct theory). The
epithelial stem cells located in the basal layer can give rise to the distinct cell lineages
identified in adult tissue. It is thus postulated that these basal epithelial cells maintain
the normal epidermis, and act to replace cell loss following injury as described in the
epidermis (Clayton et al., 2007); investigations are now underway to determine if this
theory holds true for the oesophageal epithelium. Recent evidence in mice has shown
that the oesophageal epithelium is maintained and repaired by a single progenitor cell
population which can switch between homeostatic and regenerative behaviour in
response to injury (Doupe et al., 2012). Although this study did not find evidence of a
slow-cycling epithelial cell as described by Clayton et al., it did identify that in
response to injury by retinoic acid, epithelial progenitor cells can establish a
homeostatic state for wound healing. The gland duct theory is based on the idea that
stem cells may also be located in the glandular neck region of the oesophageal
submucosal gland ducts. In 2008 a study indicated that normal squamous ducts
contained the same somatic mutations as adjacent metaplastic epithelium, suggesting
that Barrett’s metaplasia was genetically heterogeneous and contained independent
clones (Leedham et al., 2008). In contrast to this it was proposed that Barrett’s
metaplasia glands are clonal populations (Nicholson et al., 2012) indicating that
within Barrett’s glands was a population of cells that were deficient in cytochrome ¢
oxidase (CCO), but which contained different cell lineages of BO, including goblet
cells, neuroendocrine cells and foveolar cells, suggesting that the cells within the
gland are multipotent stem cells. Intestinal metaplasia generally presents on the
surface of the oesophagus with goblet cells and foveolar cells (mucus secreting) in
between, while neuroendocrine cells (serotonin secreting) have also been identified

within BO, and are generally indicative of intestinal epithelium (Lewin et al., 1992,
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Koppert et al., 2004). This study by Nicholson et al., proposed that the heterogeneity
identified by Leedham et al., may have been due to multiple rounds of division of
progenitor glands (Nicholson et al., 2012). The stem cell theory could explain both the
presence of various cellular phenotypes in BO and how the epithelium can repair

itself following ablation of BO.

The fourth theory is the presence of a cell of origin for BO, as demonstrated by Wang
et al. This paper suggested that BO is initiated from a cell of the embryo that persists
at the oesophago-gastric junction and that the initial spread of this cell is derived from
competitive interactions between cell lineages (Wang et al., 2011). This study used
p63 null mice, in which the upper gut is lined with columnar epithelium rather than
the normal squamous epithelium. The authors suggest that this is similar to human BO
as IHC staining indicated the presence of keratin 8, Vilin and anterior gradient 2,
which are all well-known markers for BO (Wang et al., 2009b, Pohler et al., 2004,
van Baal et al., 2008). On further analysis of the source of epithelial metaplasia,
common markers for BO were traced including Cldn3, Krt7, Krt8, Car4 and Muc4
which were found in a monolayer of cells lining the proximal stomach of embryonic
mice. Interestingly, while Cldn3, Krt7, Krt8, and Muc4 signals became weaker as the
embryo developed, the Car4 antibody signal was stronger and largely expressed on
the monolayer of cells. On comparison of the Car4 staining pattern on the p63 null
and wild type proximal stomach, both showed a similar pattern of Car4-expressing
columnar epithelium. Given this, the authors suggest that the Car4-positive, columnar
epithelium may develop into a metaplasia in the proximal stomach of the p63 null
mice (Wang et al., 2011). A caveat associated with this study is the lack of Cdx2

expression in the p63 null mice the presence of which has been widely published in
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BO (Clemons et al., 2013, Phillips et al., 2003). Cdx2 is a caudal-related homebox
family member and is known to play an important role in intestinal epithelial
development and differentiation. The author’s state that the lack of Cdx2 in the p63
null mice may suggest that transdifferentiation to an intestinal phenotype is probably
not required for BO development. Furthermore, the architecture of murine
oesophageal tissue differs from human as it lacks crypts and gland structures,
therefore it is hard to exactly replicate the features of human BO in mice (Pavlov and

Maley, 2010).

Metaplasia can occur within the body in the context of wound healing, which is
characterised by inflammation, tissue formation and tissue remodelling (Slack and
Tosh, 2001). In relation to the oesophagus, it is postulated that wound healing occurs
due to mucosal injury caused by acid reflux. Wound healing is a complex process
involving different cell types including keratinocytes, fibroblasts, endothelial cells,
macrophages, and platelets, and it is the infiltration, proliferation, and differentiation
of these cells that can induce the inflammatory response. Myofibroblasts have been
shown to both synthesize extracellular matrix components including collagen types I
and III, while they can also disappear by apoptosis when epithelialization occurs
during normal wound healing (Gabbiani, 2003). Injured oesophageal epithelial cells
can recruit inflammatory leukocytes which activate TGF-f inducing myofibroblast
differentiation of the target cell at the site of injury. Intestinal myofibroblasts are
crucial for the expression of the intestinal differentiation gene CDX2, which has been
widely identified in BO (Duluc et al., 1997, Clemons et al., 2013, Phillips et al.,
2003). Thus, it has been suggested that damage to the oesophageal epithelium by acid

reflux, would lead to healing, and thus metaplasia, resulting in BO.
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1.3.2 Treatment Options for Barrett’s Oesophagus with Dysplasia

As previously mentioned, BO can occur as a consequence of bile acid reflux but it is
essentially asymptomatic and normally only detected incidentally during an
endoscopy, thus the true prevalence of BO is difficult to ascertain. If reflux symptoms
are present, patients are generally treated with proton pump inhibitors (PPI) which
inhibit the gastric acid. Although PPI’s don’t normally cause regression of metaplasia
they can treat oesophageal reflux, but when treatment stops the symptoms will return.
Besides medical treatment with PPI’s, lifestyle and diet changes are recommended to
reduce the effects of reflux; reduced fat intake, cessation of smoking, weight loss and
elevation of the head of the bed to reduce night-time reflux episodes are all
recommended although no evidence has proven that these methods impact on

Barrett’s metaplasia.

More invasive options for treatment of BO with dysplasia include radiofrequency
ablation in which high frequency radio waves are administered to ablate the dysplastic
mucosa with the intention of regrowth of normal squamous mucosa. This treatment
has resulted in positive outcomes thus far, and is now a common treatment for
dysplastic BO (Chadwick et al., 2014). Another option is an oesophagectomy which is
normally recommended for patients with high grade dysplastic BO. This procedure is
highly invasive and therefore has extremely high morbidity and mortality rates,
ranging from 30%-80% for morbidity and 8%-23% for mortality (Chen et al., 2013a).
The quality of life of patients may also be decreased following surgery, therefore
given this, combined with the invasiveness of this surgery, the use of minimally
invasive oesophagectomy (MIO) is now widespread, and can be used on both high

grade dysplasia and localized tumours. There are several types of minimally invasive
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surgery including laparoscopic and thoracoscopic surgery, both of which reduce the
amount of pain and discomfort endured by the patient, while increasing the rate of
recovery. Large scale studies are needed to confirm improvements in prognosis, but
so far these techniques are gaining acceptability as compared to open surgery (Douard

et al., 2004).

1.4 Oesophageal Cancer

Oesophageal squamous cell carcinoma (OSCC) occurs in the flat cells lining the
oesophagus (Ortiz et al., 2010), while oesophageal adenocarcinoma (OAC) is the
formation of a tumour within the sub-mucosal layer of the oesophagus (Prasad et al.,
2010), and is now the predominant histological subtype in the Western world. BO-
associated adenocarcinomas are generally located in the distal third of the oesophagus
in areas which have previously been diagnosed with BO and frequently extend into

the proximal stomach.

OAC cells are generally columnar in shape and they contain irregular nuclei with
large amounts of euchromatin, prominent nucleoli, and varied amounts of clear
cytoplasm. The tumour cells are generally arranged in sheets and poorly formed
glandular lumina (Glickman, 2003). At the time of clinical presentation most OAC
tumours have spread into or through the muscularis, while advanced tumours may
have even spread directly into the mediastinum, aorta, or stomach and even
metastasised to regional lymph. Tumours are classified by their size, from small to
large; T1, T2, T3 and T4. Within each of these sizes, they are again subdivided by
depth of invasion, for example in OAC the T1 classifications are; T1la, invading into

lamina propria; T1b, into muscularis mucosae; Tlc, into superficial submucosa; and

20



T1d, into deep submucosa. Location, size and depth of an early OAC tumour play a
key role in its progression, for example, one study of 90 early oesophageal
adenocarcinomas, showed that 0% of tumours limited to the mucosa (T1a) had lymph
node metastases, compared with 36% of tumours in the submucosa (T1d) (Liu et al.,
2005). In terms of prognosis, the larger the size and depth of invasion, the lower the
rate of 5-year survival, with many studies indicating the 5-year survival for each
stage; T1 survival is 81-100%, T2 survival is 24.1-51%, T3 survival is 14-15.1% and
T4 survival is 0% (del Genio et al., 2006, Portale et al., 2006, Torres et al., 1999).
Treatment options for patients diagnosed with OAC are limited and depend on the
stage and location of the tumour, but eligible patients are treated with neo-adjuvant

chemo-radiotherapy followed by surgical resection to remove the tumour.

Cancer research has mainly focused on the cancer cells themselves, but tumour cells
don’t exist in isolation, thus the role of the tumour microenvironment and the impact
of cellular cross-talk are increasingly being investigated. The tumour cells themselves
are reliant on their environment for both tumour development and progression (Allen
and Louise Jones, 2011). Carcinoma-associated fibroblasts (CAFs), frequently
identified in the stroma of human carcinomas, consist of both fibroblasts and
myofibroblasts and due to their abundant presence, they are often associated with
development of high-grade malignancies and subsequent poor prognoses (Shimoda et
al., 2010). In normal tissue the stroma may act as a barrier preventing tumourigenesis
by reducing cancer cell proliferation, but during tumourigenesis the stroma can evolve
and change to aid tumour growth in response to molecular signals from carcinoma
cells and other host cell types (Shimoda et al., 2010). Myofibroblasts are the main cell

population found in CAFs and stromal fibroblasts that are exposed to carcinoma cell
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medium, can differentiate into myofibroblasts, and have been identified as being
better at promoting tumour growth (Guo et al., 2008, Noma et al., 2008). It is
hypothesised that carcinoma cells can initiate the change of the stromal fibroblasts

into myofibroblasts while also helping to maintain their activated phenotype in vivo.

The inflammatory response in the tumour microenvironment is characterised by
infiltration of immune cells and chronic inflammation of the tissue can lead to tumour
formation (Picardo et al., 2012). The presence of immune cells within tumours and the
inflammatory environment can aid tumour development by firstly producing factors
that support carcinogenesis and also by helping the tumour to evade the recognition
by the host. Dendritic cells are increased in BO tissue as compared to normal
oesophageal tissue and are often found clustered with T- and B-cells in the lamina
propria (Bobryshev et al., 2009). Normally they help to initiate and maintain anti-
tumour immunity, but within the tumour microenvironment they may be polarised
into immunosuppressive regulatory dendritic cells which can induce tumour growth
and progression by limiting the activity of effector T-cells (Ma et al., 2013). Precursor
CD7+ T-cells are frequently identified in OAC tissue, while helper T-cells are found
in both the normal squamous and also BO tissues (Berndt et al., 2010). NF-xB
activation (an inflammatory marker which will be discussed more throughout this
thesis), apoptosis and caspase activity are increased in these T-cells in both BO and
OAC, thus highlighting the role that the inflammatory infiltrate plays, and its
importance in sustained inflammatory cytokine release. This increase in apoptosis
thus suggests that they don’t develop into mature effector T-cells, and that the
immune response is compromised in malignant transformation (Picardo et al., 2012).

It has also been identified that eosinophils can infiltrate the mucosa in a number of
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BO patients, which is associated with basal cell hyperplasia (Ravi et al., 2011), while
macrophages are generally increased in OAC as compared to BO, and they also
produce vascular endothelial growth factor (VEGF) which promotes angiogenesis
(Couvelard et al., 2000, McDonnell et al., 2003). Combined, these findings highlight
the importance of the tumour microenvironment in relation to cell-to-cell signalling
and the inflammatory infiltrate, which play a significant role in the development and

progression of OAC.

1.4.1 Identification of the Hallmarks of Cancer Within Oesophageal
Adenocarcinoma

The TP53 gene is one of the most important tumour suppressor genes, which acts as a
potent transcription factor with a fundamental role in the maintenance of genetic
stability. p53 is activated in response to cellular stress and DNA damage and it can
trigger cell-cycle arrest, DNA repair and apoptosis, while it can also play a role in
senescence, DNA metabolism, angiogenesis, cellular differentiation, and the immune
response (Xu et al., 2008, Menendez et al., 2013, Yu et al., 2014). Germline mutations
of p53 are also associated with Li-Fraumeni syndrome, a genetic condition in which
patients present with multi-site tumours (Frebourg et al., 1995), while somatic
mutations have been identified in several cancers by loss of heterozygosity (LOH)
mutations, with over 50% of human tumours presenting with a loss of function
mutation (Ozaki and Nakagawara, 2011). These mutations can result in mutant forms
of TP53 which lack the sequence-specific transactivation ability resulting in
impaired TP53 activity which promotes the accumulation of DNA damage in cells,
leading to a cancer phenotype (Sakaguchi et al., 1998). Patients with LOH in TP53

are 16 times more likely to progress to OAC (Reid et al., 2001), while accumulations
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of p53 protein were present in 52% of 137 patients following immunohistochemical
(IHC) staining of resected OAC samples (Langer et al., 2006). TP53 alterations are
involved in both early stage tumour development, and progression (Iwamatsu et al.,
2001); therefore it is considered an important biomarker for diagnosis, tumour

progression, and poor prognosis associated with lymph nodes metastasis.

Both Cox-1 and Cox-2 are important enzymes involved in both inflammation and
tumour growth. Cox-1 is homeostatically constitutively expressed in a wide variety of
tissues, while Cox-2 is permanently stimulated by a number of cytokines and growth
factors and is usually present in inflamed tissue (Fu et al., 1999, Taddei et al., 2013).
Overexpression of COX-2 is associated with decreased apoptosis, cell to cell
adhesion, increased proliferation and angiogenesis (Mobius et al., 2005, Hashimoto,
2012), and has been associated with aggressive phenotypes in several cancer types
including breast and colon cancers (Jana et al., 2012, Rahman et al., 2012). Within the
oesophageal carcinogenic sequence, Cox-2 expression and cellular proliferation were
also shown to be increased, from metaplasia to dysplasia and adenocarcinoma (Taddei

et al., 2013).

This study also confirmed the involvement of COX-2 in the pathogenesis of the early
histological modifications involved in reflux leading to OAC development.
Upregulated COX-2 expression in cancer has been correlated with increased vascular
endothelial growth factor (VEGF) production, a known potent regulator of
angiogenesis as reviewed by (Toomey et al., 2009). Increased VEGF expression has
previously been shown in BO, especially in the early stages of the BO sequence

(Couvelard et al., 2000, Taddei et al., 2013, Mobius et al., 2003) and a recent study
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showed that VEGF expression correlates with the stage of the disease, across the
metaplasia-dysplasia-adenocarcinoma sequence. This study demonstrated that both
the protein expression and VEFG production increased with disease progression, thus
confirming the role of VEGF in angiogenesis within the oesophageal carcinogenic

sequence, especially in the early stages (Taddei et al., 2013).

1.5 Highlighting the Link Between Immunity, Inflammation
and Cancer

Inflammation is known to enhance both tumour initiation and progression, and can be
triggered by either infection or tissue injury. There are several types of inflammation
which can occur, which differ by cause, mechanism of action, intensity of
inflammatory response, and outcome. Chronic inflammation in response to
unresolved infection precedes tumour development in certain tumour types. For
example, infections caused by H. pylori or hepatitis B have been associated with
gastric cancer and hepatocellular carcinoma respectively (Cavaleiro-Pinto et al., 2011,
Damania et al., 2014). The inflammatory response to environmental factors such as
tobacco or asbestos is a different type of inflammation leading to the release of
cytokines including IL-1B, which may mediate enhanced cell growth or reduced
apoptosis (Dostert et al., 2008). Another type of inflammation arises after tumour
development which is caused by the tumour triggering an intrinsic inflammatory
response resulting in a pro-tumorigenic microenvironment. This leads to recruitment
of immune related leukocytes, increased expression of cytokines and chemokines, and
induces angiogenesis (Newton and Dixit, 2012, O'Riordan et al., 2005, Mobius et al.,

2003). This was first identified in 1863 by Rudolph Virchow who realised that many
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malignancies were infiltrated with leukocytes indicating that malignant tumours arose

at the site of chronic inflammation (Heidland et al., 2006).

1.5.1 The Innate Immune Response

There are two main types of normal immune response; innate and adaptive. The
innate immune response is not specific to a particular pathogen therefore differing
from adaptive immune response. It depends on a limited number of receptors and
secreted proteins that are encoded in the germline that recognise conserved features or
“patterns” of pathogens and is activated quickly to help destroy invaders. Innate
effector cells act without antigen-specific receptors unlike T- and B-cells, and they
also demonstrate a various range of functions such as limiting the expansion of
microorganisms which include viruses, bacteria, and parasites. Various types of innate
effector cells have been identified including; natural killer (NK) cells, LTi cells which
produce IL-17 and IL-22, and Th2-type innate lymphocytes such as natural helper

(NH) cells and nuocytes (Koyasu and Moro, 2012).

1.5.1.1The Role of Pattern Recognition Receptors in Innate Immune Response
It is essential for the innate immune response to keep the growth of invading microbes
at bay until antigen-specific adaptive immune responses are established. The ability of
the innate immune system to recognise and limit microbes early during infection is
due to activation of complement, phagocytosis, autophagy, and immune activation by
various pattern recognition receptors (PRR) families (Mogensen, 2009). PRRs such as
the toll-like receptor (TLR) family are located on cell surfaces and can detect pattern-
associated molecular patterns (PAMP). Examples of PAMPs include microbial

nucleic acids, lipoproteins, and carbohydrates, or damage-associated molecular
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patterns (DAMPs) released from injured cells (Newton and Dixit, 2012). These then
form a complex resulting in the release of factors that recruit leukocytes to a specific
region, including monocytes and neutrophils. The characterisation of human Toll
analogue (TLR4) in 1997, has paved the way for studies demonstrating the
importance of microbial pattern recognition in innate immunity, since then, ten TLRs
have been identified in humans, each of which can recognise unique ligands and has
distinct specificity for pathogen detection. TLR1, TLR2, TLR4, TLRS, and TLR6
occur on the surface of antigen-presenting cells (APCs) and recognise a range of
pathogenic “patterns” including for example lipopolysaccharide and dimuramyl
peptides. (Medzhitov et al., 1997, Mogensen, 2009). On the other hand, TLR3, TLR7,
TLRS8, and TLRO act to recognise foreign nucleic acids. TLRs use shared adaptors

including myeloid differentiating factor 88 (MyD88) and Mal/TIRAP, for signal

transduction and downstream NF-kB activation (Brown et al., 2011) with the

exception of TLR3, which signals through TIR domain-containing adaptor inducing
IFN-Beta (TRIF) (Hardy et al., 2004). Tumours show increased levels of various
TLRs in several cancer types including oesophageal squamous cell carcinoma, and it
has been demonstrated that mRNA and protein levels of TLR3, 4, 7 and 9, were
increased significantly (P<0.05) in OSCC tumours as compared to normal

oesophageal tissue (Sheyhidin et al., 2011).

1.5.1.2The Complement System and Innate Immune Response
The complement system plays a very important role in innate immunity, as it destroys
an invading microorganism and removes immune complexes (Wang et al., 2012b),

thus acting as an effector of innate immunity. It acts as a first defence against non-self
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cells, and regulates several functions including; control of adaptive immunity, cell
lysis and immunological and inflammatory processes (Ricklin et al., 2010). The
presence of the complement system was demonstrated by Nobel prize winner, Jules
Bordet, who found that if serum supplemented with an antibacterial antibody, heated
to 37°C was added to a bacterium, it became lysed, whereas if the serum was heated
to a temperature of 57°C then the bacterium were not lysed. The conclusions drawn
from this were that the serum must then contain <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>