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Summary
Incidences of obesity in the developed world represent a worrying epidemic. Obesity is

associated with increased rates of diabetes, cardiovascular disease and cancer. Oesophageal
adenocarcinoma rates have increased in the last 25 years hand in hand with obesity, and clear
correlations between the two have been demonstrated previously. A major risk factor for
oesophageal adenocarcinoma is Barrett’s oesophagus, a consequence of prolonged exposure
to gastro oesophageal reflux disease (GORD). However, only a fraction of Barrett’s patients
with GORD will ultimately progress to oesophageal adenocarcinoma indicating that there
must be other factors at play in the neoplastic progression of Barrett's oesophagus
independent of GORD. The aim of this thesis was to identify pro-carcinogenic pathways

activated by obesity in Barrett’s oesophagus independent of GORD.

Culture of the non-neoplastic BAR-T cell line, a cell line generated from a Barrett’s metaplasia
biopsy of a patient who later in life developed oesophageal adenocarcinoma, in adipose
conditioned media (ACM) generated from omental tissue of viscerally obese oesophagectomy
patients, activated angiogenic and metastatic pathways in the cells. Culture of the BAR-T cells
in ACM also allowed for identification of five genes (MMP-1, TIMP-3, IL-8, MCAM and VEGF-A)
whose expression showed significant changes in response to an obese microenvironment. The
expression of these genes was analysed in Barrett’s oesophagus biopsies from viscerally obese
and non-obese patients, and it was determined that Barrett’s metaplasia from viscerally obese
patients expressed significantly higher levels of MMP-1 and IL-8, compared to their non-obese
counterparts. Activation of pro-metastatic and pro-inflammatory pathways in Barrett’s
oesophagus by adipose derived factors is a viable mechanism that could underlie the

neoplastic progression of Barrett’s oesophagus.

MMP-1, TIMP-3, IL-8, MCAM and VEGF-A expression was investigated across a panel of
oesophageal cell lines representing each stage of the metaplasia-dysplasia-adenocarcinoma
sequence associated with the neoplastic progression of Barrett’s oesophagus. Gene
expression of 4/5 genes in response to ACM was highest in the HET-1A cell line and
subsequently decreased as the Barrett's sequence progressed indicating that obesity
mediated early activation of carcinogenic pathways, that ultimately lead to oesophageal
adenocarcinoma, may be an event that precedes the onset of Barrett’s oesophagus. Culture
of the oesophageal cell lines in ACM and leptin, a prominent adipocytokine, also increased
proliferative capacities of the cell lines, with greatest proliferation demonstrated later in the

Barrett’s sequence.




Alterations in telomere length in response to ACM treatment was observed with each stage of
the metaplasia-dysplasia-adenocarcinoma sequence, with metaplastic Barrett’s oesophagus
QH cells displaying the shortest telomere length following ACM treatment. A novel association
between obesity, Barrett’s oesophagus and the shelterin complex (telomeric chromatin which
regulates telomere length) was uncovered during the course of this thesis, with changes in
shelterin expression following ACM treatment correlating with telomere length in the
oesophageal cell lines. Chromosomal rearrangements that take place early in Barrett’s
oesophagus due to adipose derived factors may destine the metasplastic Barrett’s epithelia to

carcinogenesis.

Genomic instability (characterised by anaphase bridging and spindle assembly checkpoint
dysregulation) was initiated at each stage of the metaplasia-dysplasia-adenocarcinoma
sequence, following ACM treatment. Antibody neutralisation of VEGF and IL-8 from the ACM
significantly decrease anaphase bridging in the HET-1A cell line, indicating that these
abundant factors present in the ACM may be a critical component the of adipose tissue
secretome in promoting anaphase bridging and genomic instability. Aberrant gene expression
of members of the spindle assembly checkpoint, a mitotic checkpoint that ensure fidelity of
chromosomal replication during anaphase, was also observed following ACM treatment in the

panel of oesophageal cell lines.
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Chapter 1: General introduction



1.1 Barrett’s oesophagus and oesophageal adenocarcinoma
The dominating histological type of oesophageal cancer is squamous cell carcinoma, however the

last number of decades have witnessed a significant increase in the incidence of oesophageal

adenocarcinoma (OAC), particularly in western countries (Rutegard, Lagergren et al. 2011).

The incidence of oesophageal adenocarcinoma is rising at a rate 5-10% per annum, greater than any
other solid malignancy in the western world (O'Connor, Falk et al. 1999; Shaheen and Ransohoff
2002; Ryan, Rowley et al. 2006; Shaheen and Richter 2009). Many factors have been associated with
this increase, including increased rates of obesity. In recent decades, people in the developed world
have been leading more sedentary lifestyles due to advances in technology, and rates of obesity
have risen hand in hand with incidences of all cancers (Hjartaker, Langseth et al. 2008). There is a
substantial mortality rate associated with OAC, due to the fact that only 25% of cases are operable
due to the late onset of symptoms and presentation at the clinic when cases are usually advanced
(Dibb and Ang 2011). For the majority of these cases, the 5 years survival is only approximately 20%
(Jankowski, Wright et al. 1999). There are multiple well defined risk factors associated with the
development of OAC in addition to obesity. Caucasian ethnicity (Ye, Wang et al. 2008), male sex
(Gillen, Feith et al. 2009), chronic gastro oesophageal reflux disease (GORD) (di Pietro, Peters et al.
2008), eradication of Helicobacter pylori from the gut (Queiroz, Guerra et al. 2004), and crucially, the
presence of the pre-malignant lesion Barrett’s oesophagus (Pace 2006), are all associated with the

onset of OAC.

Barrett’s oesophagus is a metaplastic condition in which the squamous cells, native to the
oesophagus, are replaced with intestinal type columnar epithelial cells, following long term exposure
to acid reflux (Jenkins, Doak et al. 2002), although no universal accepted definition for the condition
currently exists (Reid, Li et al. 2010). This disease was first described by British surgeon Norman
Barrett in 1950 (Barrett 1950) and was definitively linked with oesophageal adenocarcinoma in 1975
(Naef, Savary et al. 1975). Patients with Barrett’s oesophagus have a 30-125 fold increased risk of
developing OAC compared to the general public and also carry a 2-5% lifetime risk of their condition
progressing to OAC (Jankowski, Wright et al. 1999). It is important to note that most patients
suffering from Barrett’s oesophagus are actually undiagnosed, with up to 90% of patients presenting
with advanced OAC likely to have undiagnosed Barrett’s oesophagus (Bird-Lieberman and Fitzgerald
2008; Bozio, Baulieux et al. 2011). A greater understanding of the molecular mechanisms behind the
progression of Barrett’s oesophagus to OAC is crucial as is argued that Barrett’s oesophagus is
currently the only clinically useful predicator of OAC (Armstrong 2008), as other risk factors such as

GORD, smoking and obesity, are too common to be clinically useful.



Short-segment Barrett’s oesophagus (SSBE), Barrett’s metaplasia less than 3 cm in length, is found in
8-20% of adults, making it more prevalent than long-segment Barrett’s oesophagus (LSBE) (1% adult
prevalence) (Jankowski, Wright et al. 1999). Long segment Barrett’s oesophagus is associated with

an increased risk of the neoplastic progression of Barrett’s oesophagus (Sharma, Morales et al. 1997)

The presence Barrett’s oesophagus is typically identified via endoscopy by the presence of a pink
salmon mucosa (Jankowski, Wright et al. 1999) and once established, this metaplasia appears to be
irreversible without ablative treatments (Barr, Shepherd et al. 1996). Endoscopies displaying a

healthy oesophagus, Barrett’s oesophagus and invasive oesophageal adenocarcinoma are presented

below in Figure 1.1.

Barrett's esophagus

Figure 1.1. Representative images displaying (from left to right), healthy squamous oesophageal
epithelium, Barrett’s oesophagus, and invasive oesophageal adenocarcinoma. Taken from
http://www.synecticsmedical.com/more.php?cat=7

1.1.1 Gastro-oesophageal reflux disease and Barrett's oesophagus
Barrett’s oesophagus develops as a defence mechanism to long term exposure to (GORD). The exact

aetiology for the metaplasia of the squamous cells to intestinal type epithelium has yet to be fully
elucidated, but it is believed that GORD is heavily involved. It is generally understood that after insult
from the components of the gastro-oesophageal refluxate, stem cells of squamous mucosa undergo
an altered differentiation during repair, and the cells begin to display traits atypical from mucosal
gastric stem cells (Jankowski, Wright et al. 1999). It is not known why only a minority of patients with
GORD will develop Barrett’s oesophagus though in recent years studies have suggested that key
differences exist in the molecular mechanisms of repair in oesophageal squamous cells, determining
whether the cells heal by squamous cell regeneration or through metaplasia, after insult by gastric
oesophagitis. However, although GORD does seem to be crucial in the pathogenesis of Barrett’s
oesophagus and the subsequent progression to OAC (Lagergren, Bergstrom et al. 1999), only 10-15%
of long term GORD patients will actually develop Barrett’s oesophagus, and in those patients that
do, only a subset progress to OAC (Edelstein, Farrow et al. 2007). Reflux symptoms themselves can

prove a poor predicator of Barrett’s oesophagus. In a recent endoscopic study of 1033 adults from 2
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Italian villages, 46.2% of patients who presented with Barrett’s oesophagus were asymptomatic
(Zagari, Fuccio et al. 2008). Clinical and pathophysiological evidence indicates greater resistance of
metaplastic Barrett’s epithelium to reflux injury than normal squamous epithelium, and patients

with Barrett’s oesophagus usually lack reflux symptoms (Ostrowski, Mikula et al. 2007).

There is some evidence to support the hypothesis that there is a genetic aspect to the pathogenesis
of Barrett’s oesophagus and oesophageal adenocarcinoma. A case study of one family in the United
Kingdom reports 3 brothers who suffered from oesophageal adenocarcinoma or high grade
dysplasia, along with 6 children in the family who all presented with Barrett’s oesophagus (Groves,
Jankowski et al. 2005). High risk of malignancy in familial Barrett’s oesophagus was also seen in a
family in Spain. In this 24 member family, spanning 3 generations, 6 suffer from GORD, 4 from
Barrett’s oesophagus and there were a further 6 who were diagnosed with oesophageal

adenocarcinoma (Munitiz, Parrilla et al. 2008).

GORD is relatively common in both sexes and across all ethnicities, but the risk of developing
Barrett’s oesophagus and the subsequent progression to OAC is far greater in older men of
Caucasian ethnicity compared to any other group (Mitas, Almeida et al. 2005). This finding suggests
that other factors besides GORD are involved in the pathogenesis of Barrett’s oesophagus , which
has led to the investigation of environmental factors such as obesity (Ryan, Healy et al. 2008) and

molecular factors such as the activity of micro-RNAs (Yang, Gu et al. 2009).

1.1.2 Histologic characteristics of Barrett's oesophagus
Barrett’s metaplasia secretes thick adherent mucus not present in normal squamous oesophageal

cells (Allen, Dixon et al. 2001). The metaplastic columnar epithelium is composed of mucinous
columnar epithelial cells on the surface and in crypt epithelia along with a mosaic of different cell
types including goblet cells, enterocytes, paneth cells, endocrine cells and cells which display
combined features of gastric, intestinal and squamous cells (Shields, Zwas et al. 1993) (Figure 1.2).
The number of goblet cells present in a particular Barrett’s epithelium varies according to patient
age, the length of the lesion and the presence of dysplasia and neoplasia (Harrison, Perry et al.
2007). Goblet cells are more numerous in proximal regions of the Barrett’s epithelia and are found in
the crypt and at the surface of the affected oesophagus (Chandrasoma, Der et al. 2001). In areas of
inflammation the epithelium shows mucin depletion, increased hyperchromicity and size of cell

nuclei and cell stratification (Odze 2009).

A common feature of Barrett’s mucosa is the presence of mucosal and submucosal mucous glands
and their ducts, which can help pathologists identify biopsies as oesophageal in origin when the

exact location (oesophageal versus gastric) is difficult to determine clinically (Srivastava, Odze et al.
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2007).Architectural irregularities of the crypts are commonplace in the affected oesophagus; crypts
frequently display a mild degree of budding, irregularity and branching —features often pronounced

in areas of prominent goblet-cell metaplasia (Odze 2006).

Neovascularisation leading to increased number and size of thin-walled blood vessels are typically
present in Barrett oesophagus segments, giving the lesion its ominous red colour (Auvinen, Sihvo et
al. 2002). Other mesenchymal changes that occur in the affected oesophagus include splaying and
duplication of the muscularis mucosa, in which the new (superficial) layer of muscularis mucosa
attaches to the bases of the oesophageal crypts or glands (Hahn, Shahsafaei et al. 2008).
Identification of the presence of a double muscularis mucosa is clinically and pathologically
important, because tumours that penetrate through the new muscularis mucosa are still considered

to be 'intramucosal' in relation to the risk of metastasis and subsequent treatment (Odze 2009).

Over 80% of cases of Barrett’s oesophagus consist of specialised columnar epithelium with intestinal
metaplasia and characteristic goblet cells. In the remaining cases, only cardia-type or gastric fundic-
type is found (Guillem 2005). As only columnar epithelium with intestinal metaplasia predisposes
Barrett’s patients to adenocarcinoma (Hameeteman, Tytgat et al. 1989) a generally accepted
definition of Barrett’s oesophagus is the presence of metaplastic epithelium with goblet cells in the
oesophagus, regardless of the length of the segment (Weinstein and Ippoliti 1996). The exact
mechanisms which underlie Barrett’s metaplasia are unknown but there is much debate in the

literature to the nature of the progenitor cell from which Barrett’s oesophagus arises.

Mucous layer _ JUEpE e Cx oOphogus |

Goblet
cell

Columnar —
epithelium

Basement membrane
Crypt

/ - Inflammatory cell

Figure 1.2. Barrett’s specialised intestinal metaplasia (Reid, Li et al. 2010)



1.1.3 Progenitor cell of Barrett’s oesophagus
The cellular and mechanistic processes behind the metaplastic transformation that occurs during

Barrett’s oesophagus are still poorly understood. Originally, it was believed that Barrett’s
oesophagus arose due to the upward cell migration of cells from the gastro-oesophageal junction
and that these cells migrated and colonised the lower oesophagus in response to tissue damage
from prolonged insult from GORD (Barbera and Fitzgerald 2010). Further studies investigating the
distribution of oesophageal and gastric cardiac mucosae in oesophagectomy specimens suggested
that mucus secreting cardiac glands exposed to the luminal surface become columnar epithelial
islands that would clonally expand and give rise to Barrett’s oesophagus (Nakanishi, Saka et al.
2007). However, even if the upward migration of gastric cells was a result of prolonged exposure to
GORD, the various epithelial cell lineages in Barrett’s oesophagus still need to be accounted for

(Barbera and Fitzgerald 2010).

Aberrant differentiation of multi-potent stem cells in the squamous oesophagus, initiated by
continual environmental stresses such as GORD and obesity, is another proposed mechanism by
which Barrett’s oesophagus arises. Tissue specific multi-potent stem cells have been associated with
mechanisms underlying carcinogenesis (Pardal, Clarke et al. 2003) The stem cell theory would
explain the clonal heterogeneity of Barrett’s oesophagus (Robaszkiewicz, Volant et al. 1992), as well
as providing a rationale for the regeneration of the squamous oesophageal epithelium after removal
of Barrett’s oesophagus via photothermal laser ablation (Barham, Jones et al. 1997). It should also
be remembered that more than one population of progenitor cells could be present in the human
oesophageal tissue, suggesting that the cellular origin of Barrett's oesophagus could be multiple

(Barbera and Fitzgerald 2010).

Stem cell populations not originating in the oesophageal epithelia have also been suggested as a
source of the Barrett’s progenitor cell. Stem cells located in the glandular neck region of the
oesophageal submucosal gland ducts are lined in their proximal two thirds by columnar cells and it
has been suggested that these ducts are a source of the stem cells responsible for the origin of the
columnar epithelium (Ahnen, Poulsom et al. 1994). A p16 mutation found in both the submucosal
gland duct and adjacent Barrett’s epithelia suggests a mutual genetic origin for these cells (Leedham,
Preston et al. 2008). It has also been suggested that the hypothetical Barrett’s oesophagus cell
originates from bone marrow derived stem cells. In a study conducted by Sarosi et al, female rats
were inoculated with bone marrow from male rats following an oesophagojejunostomy to stimulate

GORD in the animals. Subsequent FISH analyses of the resected oesophagi showed that some of the



squamous epithelial cells and some of the columnar epithelial cells lining the glands of the intestinal
metaplasia were positive for Y chromosome suggesting that multi-potential progenitor cells of bone
marrow origin contribute to oesophageal regeneration and metaplasia in this rat model of Barrett's

oesophagus (Sarosi, Brown et al. 2008).

Recent research has suggested residual embryonic cells as precursors of Barrett’s oesophagus. Early
in human embryogenesis, a single hollow endodermal tube gives rise to the respiratory tract and the
oesophagus. The epithelium of this endodermal tube consists of two or three layers, each of which
arise from a common progenitor which cell which expresses p63, a member of the p53 family
(Daniely, Liao et al. 2004). As the endodermal tube matures during embryogenesis, the p63+
progenitor cells differentiate into columnar cells that do not express this marker. At approximately
week 17 of development, squamous epithelium first appears in the mid-oesophagus and extends
proximally and distally to replace the columnar epithelium (Johns 1952). Cells in the basal layer of
stratified oesophageal squamous epithelium demonstrate expression of p63, whereas fully
differentiated squamous cells in the upper layers show no p63 expression (Souza, Krishnan et al.
2008). A discrete population of these cells persist in mice and in humans and upon programmed
damage to the squamous epithelium, these embryonic stem cells migrate towards specialised
squamous cells in a process which may replicate early Barrett’s oesophagus (Wang, Ouyang et al.
2011). This data in the literature suggests that embryonic oesophageal stem cells that express p63
have the capacity to give rise to both columnar and squamous epithelial cells and may be involved in

the pathogenesis of Barrett’s oesophagus.

1.1.4 Molecular events underlying the neoplastic progression of Barrett’s

oesophagus
The progression of Barrett’'s oesophagus to OAC follows a distinct metaplasia-dysplasia-

adenocarcinoma sequence (Figure 1.3) with an accumulation of genetic traits conducive to
carcinogenesis (Jankowski, Wright et al. 1999). Perhaps one of the earliest molecular events is the
selection and propagation of the metaplastic clones with specialized intestinal metaplasia.
Subsequently, loss of cell cycle check points and initiation of genomic instability may contribute to

slow clonal expansion potentially through increased proliferation.



Normal Lining Barrett's Esophagus with low-grade dysplasia with high-grade dysplasia Invasive carcinoma

Figure 1.3. Pathological evolution displaying the metaplasia-dysplasia-adenocarcinoma sequence
that characterises the pathogenesis and neoplastic progression of Barrett’s oesophagus (taken from
http://pathology?2.jhu.edu/beweb/definition.cfm.

In contrast to healthy cells, Barrett’s epithelia show evidence of a higher basal proliferative rate and
a significantly reduced apoptotic index (Ogunwobi, Mutungi et al. 2006). The BCL-2 proto-oncogene,
a gene which encodes for an anti-apoptotic protein, shows increased expression in reflux
oesophagitis, non-dysplastic Barrett’s oesophagus and low grade dysplastic Barrett’s oesophagus
inhibiting apoptosis at these disease stages, however expression is significantly lower in high grade
dysplasia and invasive carcinoma (Wijnhoven, Tilanus et al. 2001). Elongation of cell survival by BCL-
2 over expression early in the Barrett’s sequence may promote carcinogenesis later in the sequence

by allowing cells time to develop other ways to avoid the apoptosis.

Genomic instability appears to be associated with neoplastic progression, and oesophageal
adenocarcinoma arising from Barrett’s oesophagus is no exception. The literature suggests most
cases of oesophageal adenocarcinoma arise in patients who show a gain or loss of large portions of
chromosomes (or indeed whole chromosomes) (Reid, Li et al. 2010). Spatial data from Barrett’s
biopsies have shown that loss of heterozygosity (LOH) at 9p is an early event in Barrett’s
oesophagus, followed by 17p LOH and the mutation of the TP53 gene, along with DNA content
aberrations (Barrett, Sanchez et al. 1999; Maley, Galipeau et al. 2004; Reid, Li et al. 2010). The
mutant p53 protein has a prolonged half-life making intracellular p53 staining possible, with
increased levels of intracellular dysfunctional p53 reported during the metaplasia-dysplasia-

adenocarcinoma sequence (Rice, Goldblum et al. 1994).

Two independent studies show that methylation of the p16 promoter (with or without p16 loss of

heterozygosity) is a common mechanism of p16 inactivation in dysplasia and adenocarcinoma arising



in Barrett’s oesophagus (Wong, Barrett et al. 1997; Klump, Hsieh et al. 1998). Inactivation of this
gene may be a worthwhile biomarker in predicting the risk of the neoplastic progression of Barrett’s
oesophagus. Accumulation of abnormal retinoblastoma protein in tandem with a significant
overexpression of the apoptotic Fas protein during the progression of Barrett's metaplasia to
carcinoma has also been reported (Karl, Coppola et al. 1999).

Most genetic changes that occur during the neoplastic progression of Barrett’s oesophagus are
involved with genes that regulate the cell cycle, leading to unchecked cellular proliferation (Flejou
2005). Studies investigating proliferating cell nuclear antigen (PCNA) and Ki67, two markers of cell
proliferation, have proven useful in investigating cell cycle irregularities in Barrett’s oesophagus.
PCNA is an indicator of cell cycle progression at the G1/S transition, and Ki67 is expressed in
proliferating cells (G1, S, G2, and M phases). Studies have reported an elevated number of cells
stained by both antibodies parallel to the progression of histological changes from metaplasia to
increasing grades of dysplasia (Flejou 2005).

Another reported molecular event in the progressive Barrett’s sequence is the loss of cell adhesion.
The E-cadherin-catenin complex is the key mediator of calcium-dependent cell-cell adhesion in
healthy epithelial cells and is vital for the maintenance of adult tissue architecture (Bailey,
Biddlestone et al. 1998). In non-malignant epithelia, E-cadherin and the catenins show a
membranous localization at intercellular borders, reduced expression of these genes are reported in
60-80% of oesophageal adenocarcinomas (Krishnadath, Tilanus et al. 1997). Reduced expression of
the E-cadherin-catenin complex was also shown to correlate with greater degrees of dysplasia and
disease progression (Bailey, Biddlestone et al. 1998).

Increasing levels of telomerase RNA expression, a gene which acts to maintain telomere length and
allows the cells to escape cellular senescence are reported accompanies the transition of metaplastic
Barrett’s tissue to high and low grade dysplasia and to oesophageal adenocarcinoma (Shay, Morales

et al. 1998).

1.2 Obesity and cancer

Obesity is largely a consequence of over-nutrition and under-activity (Lawlor and Chaturvedi 2006)
and is associated with a myriad of co-morbidities, including type Il diabetes, coronary artery disease,
obstructive sleep apnea, stroke, hypertension, osteoarthritis, and liver and biliary disease which
collectively increase mortality (Valentino, Terzic et al. 2010). Since the late 70s, it has been
documented that excess weight and obesity are major risk factors for the development and
progression of many cancers (Calle, Rodriguez et al. 2003; Birmingham, Busik et al. 2009; Kim, Parks
et al. 2009). Studies conducted by other groups have shown a clear association between obesity and

incidences of cancers of the endometrium (Schindler 2009), kidney (Spyridopoulos, Petridou et al.
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2009), gall bladder (Pan and DesMeules 2009), breast (Maruthur, Bolen et al. 2009), colon (Larsson
and Wolk 2007), and oesophageal adenocarcinoma (Calle, Rodriguez et al. 2003). Of all cancers,
oesophageal adenocarcinoma displays one of the strongest links with obesity (Renehan, Tyson et al.
2008). Overall, cancer death rates in men and women with BMIs >40kg/m” are 52% and 62% higher
than in those in healthy weight ranges (Calle, Rodriguez et al. 2003). 14% of all cancers in men and
20% of all cancer in women over the age of 50 are directly attributable to obesity. Currently,
smoking is the single leading risk factor for the development of cancer, however the WHO report of
2008 forecasts that by the year 2020, obesity will be the leading risk factor for cancer
[http://www.who.int/cancer/publications/en/]. The increased incidence of obesity in the western
world, may provide a rationalization for the rapidly increasing OAC rates we are seeing today (Corley
2007). The Republic of Ireland has seen a substantial increase in the prevalence of obesity since the
early 1990s with 67% of men and 75% of women over the age of 51 classified as overweight or obese
(McCarthy, Gibney et al. 2002), during which time incidences of oesophageal adenocarcinoma
increased by 38% (Ryan, Rowley et al. 2006). Obesity rates in Ireland are amongst the highest in
Europe with 23% of all adults in Ireland deemed obese, markedly higher than the European average

of 15.5%, according to a study compiled in 2008 (Figure 1.4).
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1.2.1 Measuring obesity

Body mass index (BMI) is the classic measurement of obesity and the rationale for using BMI in
determining obesity status is that it strongly correlates with hypertension, diabetes and overall
mortality, and is also simple to calculate and inexpensive (Aronne and Segal 2002). It is calculated by

dividing a patients mass by their height squared (kg/m?).

Table 1.1. Classification of obesity status by body mass index (BMI) (Donohoe, Pidgeon et al. 2010)

Obesity Status T T B (kefen’)

Underweight RO R T U :
Normal weight 18.5-22.5

Overweight 25-30

Obese class | 30-35

Obese class Il 35-40

Obese class Il 240

However, this anthropometric measurement does not take into account the composition of body
mass or the distribution of adipose tissue in the body. BM! is a measure of overall adiposity and
cannot distinguish between fat mass and lean body mass. Thus, it is inappropriate to use BMI as a

measure of fatness in people who are very muscular (Hu 2007).

Visceral or abdominal fat shows a greater correlation with mortalities rather than just obesity alone
(Eckel, Grundy et al. 2005) and it is this adipose tissue depot that is related to Barrett’s oesophagus
and oesophageal adenocarcinoma (Beddy, Howard et al. 2010). The cross sectional surface area of
the visceral fat depot is measured by computerised tomography (CT) between vertebrae L3 and L4
to determine the visceral fat area (cm”) (Figure 1.5). VFA calculations are considered the gold
standard in measurement of visceral adiposity (Oka, Kobayashi et al. 2008; Hoenig, Cowin et al.

2010) with patients with a VFA of 2130cm? considered viscerally obese (Beddy, Howard et al. 2010).
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Figure 1.5. Representative CT scan displaying patient visceral fat area (red). The subcutaneous fat is
displayed in the scan in pink (Makino, Kunisaki et al. 2008). The area inside the yellow line is the total
fat area (TFA). The area inside the green line is the visceral fat area (VFA).

In the absence of suitable CT scanning facilities, patient waist circumference is a simple and reliable
method for determining abdominal adiposity and correlates strongly with VFA, especially in men
(Miyawaki, Abe et al. 2004). Determination of waist circumference requires only a tape measure,
however it is difficult to standardize between patients as different studies measure the waist
circumference at different locations (eg., atthe level of the umbilicus, midway between lower rib
and iliaccrest, and at the right iliac crest) (Hu 2007). Waist circumference is reported to be a
stronger predictor of life time risk of colon cancer than BMI (Moore, Bradlee et al. 2004), waist
circumference has also demonstrated correlations with the presence of Barrett’s oesophagus,
correlating better with risk of developing Barrett’s oesophagus than BMI (Corley, Kubo et al. 2007). A
waist circumference cut off point of >94cm in male patients was used to differentiate between
obese and non-obese patients in this thesis. This measurement was proposed by the International

Diabetes Federation (IDF) (Alberti, Zimmet et al. 2005).
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1.2.2 Obesity, Barrett’s oesophagus and oesophageal adenocarcinoma
There is evidence in the literature to suggest that fat is metabolically active (Gutierrez, Puglisi et al.

2009) and this activity can pose a considerable cancer risk, particularly in OAC (Chow, Blaser et al.
1998). Visceral adipose tissue has been associated with increased serum levels of both IL-6 and TNFa
(Cannon, Nerad et al. 1993; Xu, Barnes et al. 2003), two potent pro-inflammatory adipocytokines.
Interestingly, adipose tissue may also lead to genetic instability in Barrett’s oesophagus patients.
Increasing waist: hip ratio seems to be associated with an increased risk of cell cycle and genetic

abnormalities in patients with Barrett’s oesophagus (Vaughan, Kristal et al. 2002).

A healthy diet and dietary intake of certain key vitamins have been associated with the prevention of
Barrett’s oesophagus progression to OAC. Vitamin C is an important scavenger molecule, protecting
the body from oxidative stress and cancer arising from the damage to DNA molecules (Abdel-Latif,
Kelleher et al. 2008). Reduced vitamin C plasma levels are observed in patients suffering from

Barrett’s oesophagus, compared with healthy controls (Fountoulakis, Martin et al. 2004).

Adipose tissue evolved over the course of evolution to act as an energy store for triglycerides
(Gealekman, Guseva et al. 2011). Adipose tissue was initially found surrounding the viscera in the
peritoneal cavity, but later in evolution, major depots of adipose tissue were located in
subcutaneous sites. Development of large subcutaneous adipose tissue depots permits the
compartmentalization of lipids, which prevents their build up in other tissues. Accumulation of lipids
in non-adipose tissue is associated with co-morbidities such as insulin resistance, type Il diabetes

mellitus and cardiovascular disease (van Herpen and Schrauwen-Hinderling 2008).

There is increasing evidence that the location of adipose tissue contributes to obesity-related
disease risk independent of overall adiposity (Hu 2007). The specific location of adipose tissue has
been used to define two primary body shapes; gynecoid (pear shaped) where the adipose tissue is
stored in the lower part of the body in the hips and the thighs and android (apple shaped) where
adipose tissue is stored centrally in the abdomen (Figure 1.6). Visceral adipose tissue, adipose tissue
that is stored in the abdomen, is more associated with male sex (Lemieux, Prud'homme et al. 1993)
and male sex in turn shows a greater correlation with obesity related mortalities such as
oesophageal adenocarcinoma compared to female sex (Lagergren 2011). Visceral adipose tissue also
shows a strong correlation with GORD, the primary risk factor for Barrett's oesophagus and

oesophageal adenocarcinoma (Lagergren, Bergstrom et al. 1999) .
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Figure 1.6. Typical distribution of body fat in men and women (taken from
http://www.fitcommerce.com)

The risk of oesophageal adenocarcinoma development among patients with Barrett's oesophagus is
equally distributed between the sexes (Solaymani-Dodaran, Logan et al. 2004), while prevalence of
Barrett's oesophagus seems to be nearly doubled in men (Cook, Wild et al. 2005). This sex difference
was found to be age-dependent, with an incidence four times greater in young and middle-aged
men than in women (Rutegard, Lagergren et al. 2011) while overweight and obesity are slightly more
frequent in men in Western societies. In a study conducted by our research department, it was
noted that obese men had four times the risk of incident adenocarcinoma than lean men, while no
such association was found in women (Ryan, Rowley et al. 2006). These findings might explain the
predominance of oesophageal adenocarcinoma in men, which has a ratio of incidence of 7:1

between men and women (Lagergren 2011).

1.2.3 Metabolic syndrome and Barrett’'s oesophagus

The metabolic syndrome is a term used to describe a myriad of medical disorders associated with
visceral obesity, blood lipid disorders, insulin resistance and Type Il Diabetes Mellitus, and increased
risk of cardiovascular disease (Despres and Lemieux 2006), while in recent years correlations have
been made between the metabolic syndrome and various forms of cancer (Giovannucci 2007; Ryan,
Duong et al. 2011). Various definitions of the metabolic syndrome have been adopted by different
health authorities and in an attempt to unify criteria a joint scientific statement titled ‘Harmonizing

the Metabolic System’ was issued which represents the outcome of a meeting between several
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major organizations. It was agreed that there should not be an obligatory component, but that waist

measurement would continue to be a useful preliminary screening tool (Alberti, Eckel et al. 2009).

Table 1.2. Definition of the metabolic syndrome

Clinical Measure WHO' EGIR® ATPIIPP IDF* Harmonizing
(1998) (1999) (2001) (2005) statement
Impaired glucose Insulin resistance 3 or more of: Waist 3 or more of:
regulation or plus 2 of: circumference
hyperinsulinaemia and plus any 2 of :
plus any 2 of:
Central Men: Men: Men: Men: WC294cm Elevated WC
Obesity WC>94cm WC>94cm WC2102cm Women:W(C280c ethnic specific
Women: Women: Women: m differences
WC>80cm WC>80cm WC288cm WC ethnic specific
differences
Impaired glucose Fasting plasma Fasting plasma 6.1-7.0mmol/L Fasting plasma Fasting plasma 2
regulation 26.1mmol/L or 2hour 26.1mmol/L 2 5.6mmol/L or 5.6mmol/L or
post glucose load previously previously
27.8mmol/L diagnosed diagnosed T2DM
T2DM
Hyperinsulinae-mia Fasting serum insulin>  Fasting serum Not included Not included Not included
third quartile for insulin> third
control group quartile for
nondiabetic
control group
Triglycerides 21.7mmol/I >2.0 mmoi/L and 2 1.7 mmol/L 2 1.7mmoi/L 2 1.7mmol/L
Jor HDL <1.0
mmol/l and/or
treatment for
dyslipidaemia
HDL concentration Not included Included with Men: Men: Men:
triglycerides < 1.04mmol/L <1.03mmol/L <1.03mmol/L
Women: Women: Women:
< 1.3mmol/L <1.29mmol/L <1.29mmol/L
Hypertension 2140/90 mmHg 2140/290 mmHg 2130/280 mmHg 2130/285 mmHg 2130/285 mmHg
or treatment for or treatment for or treatment for
same same same
Microalbuminu-ria Albumin/creatinine Not included Not included Not included Not included

ratio >30mg/g

Kéy. WHO: World Health Organisatidn,'EG"IMR:'”E”uvropeaanroup for the Study of Insulin 'Refsistance,
ATPIII: Adult Treatment Panel I, IDF: International Diabetes Federation.

One key report in the literature has demonstrated an association between the metabolic syndrome
and length of the Barrett’s oesophagus segment (Ryan, Healy et al. 2008). In a study of 102 Barrett’s
oesophagus patients, 46% of patients had metabolic syndrome while 78% were centrally obese.
Incidence of metabolic syndrome and central obesity were increased to 60% and 92% respectively,
in patients with long segment Barrett’s oesophagus obese compared with 23.8% and 62%,
respectively in patients with short segment Barrett's (Figure 1.7). Long segment Barrett’s
oesophagus was also associated with hyper-insulinaemia and significantly increased levels of IL-6

compared with short segment Barrett's. The study postulated that metabolic syndrome may
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potentially drive increased neoplastic progression of Barrett’s oesophagus via increased length of

the Barrett’s oesophagus segment.

2

0 Long Segment Barrens
B Short Segment Barreus

B 2 & & 2 2 = 8

Metabalic Synd Ceentral Obenity BMI > 50 Hype timmulinemia

Figure 1.7. Long-segment Barrett (>3 cm) versus short-segment Barrett (<3 cm): features of the
metabolic syndrome and anthropometry (Ryan, Healy et al. 2008)

1.2.4 Adipose derived hormones and obesity
Hormones associated with inflammation, healing and cell growth are all understood to be influenced

by obesity (visceral fat in particular) and may represent GORD independent mechanisms in the
development of oesophageal cancer from Barrett’s oesophagus (Corley 2007). Indeed, certain
molecules, such as adiponectin and leptin are produced by adipose tissue and can play major roles in
signalling in the body (Zamboni, Di Francesco et al. 2007; Gandhi, Upaganlawar et al. 2010) (Figure
1.8).

1.2.4.1 Leptin
Leptin, @ 16KDa protein, encoded by the ob gene, is synthesised and excreted principally by adipose

tissue and is primarily involved with appetite regulation and energy expenditure (Yadav, Oury et al.
2011) , with levels of production directly proportional to obesity and BMI (Martin, Qasim et al.

2008). Leptin activity is modulated by the binding of leptin to one of six different receptors, all
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spliced from the leptin receptor gene (Lee, Proenca et al. 1996). Leptin has many different functions
in vivo, and has been implicated in wound healing, the immune system, renal and lung functions
(Horiguchi, Sumitomo et al. 2006), angiogenesis (Sierra-Honigmann, Nath et al. 1998), and coronary
atherosclerosis in type 2 diabetes (Reilly, Igbal et al. 2004). Leptin has been shown by numerous
researchers to act as a growth factor and has proliferative effects on a host of cell lines including
breast, colon, pancreatic B and kidney cells (Ishikawa, Kitayama et al. 2004). However, leptin can
have anti proliferative roles in certain cases, as evidenced by research carried in T24 bladder cancer
cells (Yuan, Chung et al. 2004). Leptin is thought to be involved in inflammation due to its regulation
of components of both the innate and adaptive immunity; both monocytes and lymphocytes can be
regulated by leptin (Martin, Qasim et al. 2008). Leptin displays structural and functional similarities
to pro inflammatory cytokine IL-6 (Zhang, Basinski et al. 1997), and may control C-reactive protein, a

common marker of inflammation (Chen, Li et al. 2006).

Research indicates that leptin stimulates proliferation and inhibits apoptosis in the oesophageal
adenocarcinoma OE33 cell line (Ogunwobi, Mutungi et al. 2006). The results reported suggest a
definite link between obesity and OAC, through the production of leptin by adipose tissue that
inhibits apoptosis and promotes proliferation. Leptin is also heavily involved in increasing COX-2
mRNA levels in the OE33 cells (Ogunwobi, Mutungi et al. 2006). Increased expression of the leptin
receptor in Barrett’s oesophagus and OAC has been reported previously (Francois, Roper et al. 2008;
Reynolds, Howard et al. 2010). Increased expression of this receptor, sensitizes the cells to lower
levels of leptin in vivo, making the cells responsive to ambient levels of leptin that would not usually
elicit a response (Bodger 2005). Increased leptin production by adipose tissue along with increased
sensitivity in the cells and their involvement in the Barrett’s oesophagus-OAC progression may make

this protein a potential target in the prevention of OAC.

1.2.4.2 Adiponectin
Adiponectin is an adipokine produced exclusively by adipose tissue, and has been shown to have

many beneficial effects in numerous in vitro and in vivo studies, possessing anti diabetic, anti-
inflammatory and anti-arthereosclerotic properties (Kadowaki, Yamauchi et al. 2003; Yamamoto,
Kiyohara et al. 2005). Adiponectin levels are reported to be inversely proportional to obesity levels,
as obesity levels increases, levels of adiponectin in vivo drop dramatically, leading to a condition
known as hypoadiponectinaemia. This condition has been linked to considerably increased risk of

colonic, breast, endometrial and prostate cancers (Konturek, Burnat et al. 2008).

Adiponectin and its association with Barrett’'s oesophagus and OAC have been investigated

previously. Adiponectin enhanced dose dependant apoptosis in the Barrett’'s derived
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adenocarcinoma cell line OE19, adiponectin also stimulated the expression of Bax, a pro apoptotic

protein crucial in the intrinsic apoptotic pathway (Konturek, Burnat et al. 2008).

Adiponectin activity is mediated by two distinct receptors, Adipo-R1 and Adipo-R2 (Kadowaki,
Yamauchi et al. 2006). Expression of these receptors is markedly lower in the Barrett’s mucosa
compared to oesophageal squamous mucosa (Konturek, Burnat et al. 2008). These observations
highlight the two pronged effect hypoadiponectinaemia can have on the Barrett’s oesophagus-OAC
progression. Less adiponectin is produced by the body, and the adiponectin that is produced is less

effective on cell signalling due to decreased receptor expression by the cells.

OVERWEIGHT & OBESITY:
MVISCERAL ADIPOSE TISSUE:
M ADIPOCYTE SIZE & NUMBER

PRO-INFLAMMATORY

STATE / METABOLIC
SYNDROME

!

Figure 1.8. Mechanisms by which obesity can activate tumourigenic pathways (Howard, Pidgeon et
al. 2010)

1.3 The Hallmarks of cancer and Barrett’s derived carcinogenesis

It has been suggested by Hanahan and Weinberg that all cancerous cells possess 6 key variations in
cell physiology that push the cell towards a malignant state (Hanahan and Weinberg 2000). These
variations are self-sufficiency in growth signalling, resistance to anti-growth signals, evasion of
apoptosis, limitless replicative potential, sustained angiogenesis and finally, invasion and metastasis.
The enumeration of these traits in Barrett’s cells takes place during the progression of the disease to

OAC.
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1.3.1 Self-sufficiency in growth signalling
Self-sufficiency in growth signalling in OAC has been well documented in the literature; Increased or

altered levels of these key cyclins are observed in OAC. Increased expression and activity of cyclin D1
has been reported in metaplastic Barrett’s biopsies in non-dysplastic states (Arber, Lightdale et al.
1996), suggesting that this event occurs in early carcinogenesis. Contrary to these findings, a group
observed that increased cyclin E activity in dysplastic Barrett’s biopsies and in OAC itself, but that
this was not seen in non-dysplastic states (Sarbia, Bektas et al. 1999). Dysregulation of cyclin B1
activity is seen in both dysplastic and non-dysplastic states in Barrett’s oesophagus (Geddert, Heep
et al. 2002), while increases in the expression of cyclin A mirrors the metaplasia-dysplasia-

adenocarcinoma progression sequence in the evolution of the disease (Lao-Sirieix, Lovat et al. 2007).

While self-sufficiency in growth signalling is a key aspect in the tumour pathogenesis, cell surface
receptors for key growth factors are targets of dysregulation in progression to a cancerous state
(Hanahan and Weinberg 2000), generally through the over-expression of the receptor. This over
expression may lead to hyper-responsiveness in the cells to ambient levels of growth factors, which
under normal physiological circumstances, would not lead to proliferation and growth in the cells.
This trend is seen in OAC, where the increased expression of epidermal growth factor (EGF) and its
receptor (EGFR) along with increases in the expression of transforming growth factor alpha (TGF-a),

has been reported by different groups studying OAC (Zhang, Spechler et al. 2008).

1.3.2 Resistance to anti-growth signalling
In healthy cells, various mechanisms operate to maintain homeostasis and cell quiescence, these

mechanisms are regulated by soluble growth inhibitors (Zhang, Spechler et al. 2009). The genes
involved in anti-growth signalling are generally termed tumour suppressor genes, and a number of
them have been implicated in OAC. p16 a key tumour suppressor gene, in association with p53, a
gene typically associated with the apoptotic machinery in the cell, blocks the cell cycle progression
during cellular duress (Liggett and Sidransky 1998). Thus, deletion and mutation of p53 and p16 can
lead to dysregulation of cell growth. This occurrence is seen in OAC, where allelic loss of 9P, the
specific chromosomal location of the p16 gene fragment, and the methylation and subsequent
silencing, of the p16 promoter, are seen in ~50% of all OAC cases (Barrett, Sanchez et al. 1996).
Along with p16, p53 inactivation is seen in up to 90% of OAC, inactivation of these two key tumour

suppressing genes contributes heavily to the tumour progression (Hamelin, Flejou et al. 1994).

Another important anti-growth factor associated with OAC is transforming growth factor B (TGF-B).
This protein is a growth inhibitor for a host of epithelial cells, loss of growth inhibition mediated by

TGF-B is seen in numerous neoplasms (Villanacci, Bellone et al. 2008). Villanacci et al reported that
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TGF-B is suppressed in Barrett’s oesophagus by Ski and SnoN, proteins that suppress TGF-B. Ski and
SnoN are over expressed in Barrett’s oesophagus, though this expression is down regulated through

the metaplasia- dysplasia- adenocarcinoma progression.

1.3.3 Evasion of apoptosis
The ability of tumour cells to grow to unprecedented numbers, not only relies on an increased rate

of cell proliferation, but also relies on the cells ability to evade the apoptotic mechanisms that keep
cell numbers in check. The key gene involved in this process is p53, described by Lane as the
“guardian of the genome” (Lane 1992). Differentiation, cell senescence, cell cycle arrest, and
crucially, apoptosis are all controlled by p53 (Vousden and Lu 2002). Mutations of this gene are seen
in 50% of all cancers (Soussi, Ishioka et al. 2006), including OAC, where a Japanese study saw
mutations in the p53 gene in 34% of formalin-fixed, paraffin-embedded oesophageal cancer tissues

(Uchino, Saito et al. 1996).

Aberrations in the activity of death receptors crucial for apoptosis have also been reported in OAC.
An apoptotic response in the cell can be activated when death receptors on the cell surface bind
with ligands such as FasL (Younes, Schwartz et al. 2000). Oesophageal adenocarcinoma cells have
been found to express FasL, which can bind the Fas receptor on the surface of tumour-killing
lymphocytes, thereby destroying the lymphocytes that might attack the cancer cells (Younes,
Schwartz et al. 2000).

1.3.4 Limitless replicative potential
Telomerases are DNA polymerases whose function is to extend the length of the telomeres by

adding long random repeats of the hexanucleotide 5-TTAGGG-3’ to the telomeres. Telomerase
activity has been detected in 80% to 95% of cancers, and though activity of this enzyme is seen in
certain stem cells and proliferative cells, normal tissue does not generally show telomerase activity
(Shammas, Koley et al. 2004). Telomerase activity plays a significant role in cancer because it grants
the cells unlimited replicative potential, and allows for evasion of senescence and critically,
apoptosis. Again, this hallmark of cancer is observed in both Barrett’s oesophagus and oesophageal

adenocarcinoma (Lord, Salonga et al. 2000).

Work carried out by Morales (Morales, Gandia et al. 2003) shows that there is very low telomerase
activity in healthy squamous cells that line the oesophagus, this activity however is increased in
Barrett’s oesophagus, and further increased during OAC (Morales, Gandia et al. 2003). It has been
put forward that the immortalized clones produced by increased telomerase activity in Barrett’s
oesophagus may progress from a metaplasia to dysplasia and ultimately to OAC, through the

accumulation of other traits (Shammas, Koley et al. 2004) Levels of telomerase expression and
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activity above normal are found in OAC, and activity of these enzymes increase in the progression of

the dysplasia from low grade to high grade in Barrett’s oesophagus (Lord, Salonga et al. 2000).

1.3.5 Sustained angiogenesis
Like any cells in the body, tumour cells require oxygen and nutrients for survival, all cells must be

within 100um of a blood vessel, in order to supply the necessary nutrients and oxygen, and remove
metabolic waste products (Fidler, Yano et al. 2002). Vascular endothelial growth factor (VEGF) is the

gene most associated with angiogenesis and cancer (Hanahan and Weinberg 2000).

VEGF expression has been shown to increase significantly during the metaplasia—dysplasia—
adenocarcinoma sequence in Barrett’s oesophagus patient samples using immunohistochemistry,
leading to significant neovascularisation (Mobius, Stein et al. 2003). In this study, VEGF expression
was increased before progression to invasive carcinoma, this finding may potentially offer a strategy

for the detection and prevention of the malignant progression of Barrett’s oesophagus.

Barrett’s epithelia show increased expression of VEGF-A compared to normal oesophagus, likewise,
the expression of VEGF-A receptor, VEGFR-2, is also increased (Auvinen, Sihvo et al. 2002). In
Barrett’s epithelium, increased VEGF-A expression may also be able to sustain new blood vessels in
the absence of pericytes and smooth muscle cells (Auvinen, Sihvo et al. 2002), factors usually crucial

to the formation and function of blood vessels (Bergers and Song 2005).

Angiogenesis may also be involved in the malignant progression of Barrett's oesophagus due to
oxidative stress. One group demonstrated increased angiogenesis, due to oxidative stress, in the

metaplasia- dysplasia- adenocarcinoma progression of the disease (Sihvo, Ruohtula et al. 2003).

1.3.6 Metastasis and invasion
The final hallmark of cancer, and perhaps the most lethal, is invasion and metastasis. The distal

tumour sites formed by the metastasising cells are reported to be the cause of 90% of all cancer
death (Sporn 1996). The molecular biology behind metastasis is remarkably complex and is amongst

the least understood in the field of molecular oncology.

Mutations in cell-cell adhesion molecules called cadherins are believed to be involved in metastasis.
These proteins anchor cells to the extracellular matrix (ECM) and adjacent cells, loss of this function
in cancerous cells enables the cells to escape the primary tumour and travel to distal sites in the
body and form secondary tumours (Jiang 1996). In normal gastric epithelium, anti E-cadherin
antibodies stain with high intensity, revealing a high expression of this molecule, however reduced
or absent staining is observed in 25% of intestinal type Barrett’s epithelium (Jankowski JA and M

1994) and as Barrett’s oesophagus progress to dysplasia, the staining of E-cadherin reduces further
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(Bongiorno, al-Kasspooles et al. 1995). E-cadherin levels on the cell membrane decreases during
neoplastic progression of Barrett’s oesophagus while catenins, necessary for the function of E-
cadherin, showed reduced expression and aberrant nuclear localisation (Bailey, Biddlestone et al.

1998).

Matrix metalloproteinases (MMPs) are also implicated in metastasis. This protein family breaks
down the ECM and play an important role in biological processes such parturition. However, the
activities of MMP7 (Masaki, Matsuoka et al. 2001) and MMP9 (van Kempen and Coussens 2002)
have been shown to allow for tumour metastasis, by breaking down the ECM and freeing tumour
cells from the primary mass (Crawford and Matrisian 1994). Increased expression of MMP9 has been
seen in the metaplasia-dysplasia-adenocarcinoma sequence compared to healthy normal tissue,
using paraffin-embedded tissue samples analysed by immunohistochemistry (Herszenyi, Hritz et al.

2007).

Interestingly, the involvement of MMPs in cancer and metastasis could further reinforce the links
between cancer and inflammation. Pro-inflammatory protein TNFa, a key effector in the
inflammatory response, has been shown to stimulate the expression of members of matrix
metalloproteinase family. TNFa, also blocks the production of tissue inhibitors of matrix
metalloproteinases, proteins which negatively regulate matrix metalloproteinases (Keelan,

Blumenstein et al. 2003).

1.3.7 Updated hallmarks of cancer

The authors of the original ‘Hallmarks of Cancer’, manuscript proposed an update recently to the six
already established (Figure 1.9). Dysregulation of cellular energetics and evasion of the immune
system were proposed as additional hallmarks of cancer, while tumour promoting inflammation and
genome instability and mutation were proposed as enabling characteristics of cancer cells (Hanahan

and Weinberg 2011).

Dysregulation of cellular energetics has been reported previously in Barrett’s oesophagus. Barrett’s
oesophagus displays a strong increase in glycolytic metabolism compared to normal squamous
epithelium with Barrett’s epithelia displaying increased expression of enzymes associated with
glycolysis (van Baal, Milano et al. 2005; van Baal, Diks et al. 2006), a common characteristic of
carcinogenesis (Gatenby and Gillies 2004). Evolutionary models show that clonal expansion of pre-
malignant tumour populations is ultimately limited by substrate availability (Gatenby and Vincent
2003), due to unchecked cell growth and proliferation carrying the cell population ever further from
its blood supply, necessitating a change in cellular metabolism to anaerobic metabolism, allowing for

maintenance of the metabolic activities of the cell in absence of oxygen from blood supply (Gatenby
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and Gillies 2004). It has been proposed that persistent metabolism of glucose to lactate, a key
feature of anaerobic metabolism (Huckabee 1958), even in aerobic conditions is a cellular adaptation
to intermittent hypoxia in pre-malignant conditions. Subsequent cell populations capable of utilising
both aerobic and anaerobic metabolism have a potent growth advantage, promoting unconstrained
cell proliferation and invasion (Gatenby and Gillies 2004), mechanisms characteristic of malignant

cancer cells. This mechanism may contribute to neoplastic transformation in Barrett’s oesophagus.

Resisting
cell death

Deregulating cellular Avoiding immune
energetics destruction

Genome instability N Tumor-promoting
and mutation Inflammation

\—(Enablmg Charactenstlcs)——/

Figure 1.9. The six original Hallmarks of Cancer (A) and the updated hallmarks and enabling
characteristics (B) (Hanahan and Weinberg 2011).
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1.4 Inflammation and Barrett’s oesophagus

Obesity may be defined as a state of chronic systemic low grade inflammation. It is linked to a
chronic inflammatory response, evidenced by modifications in cytokine production, activation of
inflammatory signalling pathways, and increased synthesis of acute phase reactants (Tilg and
Moschen 2008). Further evidence linking inflammation to obesity reports increased levels of C-
reactive protein, a sensitive marker of systemic inflammation, in both obese men and women
(Visser, Bouter et al. 1999). Due to chronic low grade inflammation in obese patients, they are at a
higher risk of developing cancer due to the well-established links between inflammation and cancer
(Aggarwal, Vijayalekshmi et al. 2009). Some of the carcinogenic aspects of the inflammatory
response, and their relationship to Barrett’s oesophagus and OAC, are expanded in more detail in

the following sections.

1.4.1 Pro-inflammatory cytokines
Increased expression of pro-inflammatory cytokines are observed in numerous cancers including,

but not exclusive to, breast, lung, ovary and pancreatic cancers (Serefoglou, Yapijakis et al. 2008).
Members of the tumour necrosis factor (TNF) super family are associated with numerous
malignancies and increased expression of TNFa has been reported in the progression of Barrett’s
oesophagus to OAC (Tselepis, Perry et al. 2002). The two key pro-inflammatory cytokines, TNFa and
IL1B, regulate their own synthesis through feedback loops involving the transcriptional factor NF-
kB(Sosic, Richardson et al. 2003), and dysregulation of these processes may lead to DNA damage,
and stimulate processes including angiogenesis and tumour growth (Serefoglou, Yapijakis et al.

2008).

Mutations and alterations in cytokine signalling are of particular interest in this study due to the fact
that adipose tissue has been shown to secrete cytokines such as TNFa and IL-6 (Kern, Ranganathan
et al. 2001). IL-6 in particular may be of significant importance in the progression of Barrett’s
oesophagus to OAC. IL-6 has been shown to stimulate VEGF in stroma cells and granulocytes (Ferrara
2000), and an increase in the expression of this key angiogenic factor may contribute to

neovascularisation in Barrett’s oesophagus and the subsequent progression to OAC.

COX-2, a key inflammatory protein has been linked to Barrett’s oesophagus and OAC (Oyama,
Fujimura et al. 2005). COX-2 is an isozyme of COX and is involved in inflammatory signalling. Barrett’s
oesophagus and OAC patients demonstrate significant increases in COX-2 expression, and may
contribute to carcinogenesis by promoting cell proliferation, blocking apoptosis and stimulating
angiogenesis (Oyama, Fujimura et al. 2005). Work on animal models demonstrates that acid reflux

and GORD leads to significant increases in COX-2 expression, as the disease progresses from
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Barrett’s oesophagus to OAC. Administration of celecobix, a specific COX-2 inhibitor, prevented the
development of Barrett’s oesophagus and OAC in rats, by suppressing oesophagitis (Oyama,
Fujimura et al. 2005). Research has shown that administration of aspirin, another COX-2 inhibitor,
may prevent the progression of Barrett’s oesophagus to OAC, and is associated with a lower risk of

myocardial infarction (Hur, Broughton et al. 2008).

COX-2 has been implicated in the metaplasia-dysplasia-adenocarcinoma progression in Barrett’s
patients. COX-2 expression is up-regulated in Barrett’s oesophagus and OAC but it is not associated
with an inflammatory response in the cells. Expression of COX-2 is increased in Barrett’s oesophagus
near the gastro-oesophageal junction but away from sites of maximal inflammation. Distribution of
COX-2 in oesophageal adenocarcinoma tissue is concentrated in the cancerous cells and is not
related to the distribution of the inflammatory infiltrate, indicating that COX-2 expression in the
oesophagus may be more directly associated with signalling pathways involved with cancer

progression than inflammation (Abdalla, Sanderson et al. 2005).

1.4.2 NF-xB

NF-kB, a transcription factor, regulates the expression of genes controlling inflammation, cell survival
and apoptosis (Lawrence 2009). Biopsies of healthy oesophageal tissue show no detectable NF-«kB
activity, while biopsies from oesophageal adenocarcinoma tissue, showed significant levels of NF-kB
activity and expression, as well as low levels of IkB, the inhibitory molecules of NF-kB (Abdel-Latif,
Kelleher et al. 2008). It is hypothesised that NF-kB is activated in Barrett’s mucosa by an
inflammatory response to the insult caused to the oesophageal epithelium by gastric oesophagitis
(Lee, Oh et al. 2001). NF-kB may also contribute to carcinogenesis in Barrett's epithelium by
activating COX-2, which is heavily implicated in the Barrett’s oesophagus-OAC progression as
previously discussed (Oyama, Fujimura et al. 2005). Other research has illustrated a stepwise
increase in NF-kB expression as reflux oesophagitis progressed through Barrett’s oesophagus to
OAC, in fresh biopsy patient samples (O'Riordan, Abdel-latif et al. 2005). In this same study, NF-kB
was responsible for an increase in expression of pro-inflammatory cytokines IL-8 and IL-1B, and the
expression of these cytokines coincided with the stage of the disease (O'Riordan, Abdel-latif et al.

2005).

Another mechanism whereby this master transcription factor can contribute to the pathogenesis of
Barrett’s oesophagus is through its regulation of the caudal homeobox genes (CDX) transcription
factors, CDX1 and CDX2 (Colleypriest, Ward et al. 2009). These transcriptional factors direct the
development of intestinal cells with the gastrointestinal tract (Souza, Krishnan et al. 2008) and may

be responsible for the switch of squamous epithelium in healthy oesophageal tissue, to the
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columnar intestinal like cells characteristic of Barrett’s oesophagus. NF-kB may bind to one of two
distinct binding sites in the CDX promoter region, activating the transcription of CDX1 and CDX2
(Kazumori, Ishihara et al. 2006). Increased expression of CDX1 and CDX2 has been seen in biopsies
from patients with Barrett’s oesophagus. CDX2 expression levels have been reported up to 400
times higher in Barrett’s metaplasia biopsies compared to healthy squamous epithelia (Vallbohmer,

DeMeester et al. 2006), in which levels of this transcriptional factor were barely detectable.

1.5 Genomic instability and carcinogenesis

The human body contains in excess of 10 trillion cells, and remarkably almost every cell contains an
identical set of chromosomes, even following successive rounds of cell replication. In order to
achieve a high level of chromosomal fidelity and integrity, cells have developed sophisticated and
controlled pathways to replicate, repair and segregate chromosomal material (Chan and Hickson
2011). Dysfunction of these mechanisms can result in genomic instability, which is an established
feature of most forms of cancer (Tlsty, Briot et al. 1995; Negrini, Gorgoulis et al. 2010), and has
recently been described as an emerging hallmark of cancer (Hanahan and Weinberg 2011). Genomic
instability leads to myriad of molecular alterations in the genome of the cancer cell. These
alterations include (but are not limited to) mutations of single genes, amplifications, deletions or
rearrangements of chromosomal material, and gain or loss of entire chromosomes (Shen 2011).
Accumulation of these genomic alterations in cells may lead to cell growth and division going
unchecked, evasion of normal cell death pathways, and ultimately, cancer. Genomic instability can
lead to both the loss of tumour suppressor gene expression through deletions and chromosome loss,

or over-expression of oncogenes due to gene activation (Schwab 1999; Katoh and Katoh 2003).

Maintenance of genomic stability and integrity are essential for an organism to function and
propagate successfully, and telomeres are one of the key elements in regulating this stability
(Blackburn 2001; Blackburn and Chan 2004). Seminal work by McClintock and by Muller (McClintock
1941; Muller and Herskowitz 1954) demonstrated that the ends of normal chromosomes must be
protected somehow as they lack the ‘stickiness’ of broken chromosomes and will not fuse together
(Figure 1.10). McClintock demonstrated that if a broken chromosome lacking a telomere is

replicated, it may fuse with another forming a dicentric chromosome.
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1.5.1 Telomeres and genomic instability
DNA in humans and all eukaryotes is linear (Reddel and Cesare 2010)and these linear chromosomes

pose a fundamentally important problem, their ends cannot be completely replicated by the
organism’s DNA replication machinery, leading to telomere shortening with each cell replication
(Olovnikov 1973), termed the ‘end replication problem’. Telomere length shortens usually between
50-200bp at each replication (Wright, Huffman et al. 2000). These telomeres are composed of
tandem repeats of TTAGGG and are associated with a wide variety of telomere binding proteins
which mediate their function (Wai 2004; Martinez and Blasco 2010). The gradual shortening of these
telomeres due to cell proliferation generates critically short telomeres which elicits a DNA damage
response, ultimately leading to permanent growth arrest and cellular senescence (Harley, Futcher et

al. 1990).
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Figure 1.10. The 46 human chromosomes, shown in blue, with telomeres appearing as white
pinpoints (taken from http://www.nih.gov).

Structural analysis of telomeres from a variety of species has revealed that the telomeres consist of a
double stranded region comprised of telomeric repeats followed by a much shorted single stranded
overhang on the 3’ G-rich strand (Price and Wei 2003). The length of this overhang varies between
species and ranges from as short as 14 nucleotides in some ciliates to as long as 200 nucleotides in
vertebrates (Price, Jacob et al. 2003). In some organisms, including humans, this G-rich strand folds
back in a loop into the duplex region of the telomere tract to form the t-loop found at the end of the
telomeres (Griffith, Comeau et al. 1999). Formation of the t-loop (Figure 1.12A) is essential to
protect the telomeres from degradation and for recruiting telomeric chromatin involved with

telomere maintenance (Price, Jacob et al. 2003).

All organisms with linear chromosomes need to protect the chromosomal terminus from end-to-end
joining and degradation. They must also overcome the end-replication problem that arises from the
inability of DNA polymerase to replicate the extreme 5’ end of a linear DNA molecule (Price and Wei
2003). The discovery of the ribonuceloprotein telomerase complex in 1985 solved the riddle of the
end replication problem in eukaryotes (Greider and Blackburn 1985), research which ultimately
resulted in the Nobel prize for medicine for the authors in 2009. The telomerase complex consists of
the telomerase reverse transcriptase (TERT) and the telomerase RNA template component (TERC)
(Figure 1.11). The telomerase complex synthesises one strand of telomere DNA, the 5’ to 3’ strand,
by copying the TERC template sequence (Greider and Blackburn 1989). Synthesis of the
complementary strand of the telomeric repeats is presumed to occur through lagging stand

synthesis of the C rich strand by the cell’s DNA replication machinery (Chan and Blackburn 2004).

GGGTTG
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Figure 1.11. DNA elongation action of telomerase (Chan and Blackburn 2004).
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Somatic adult cells display very little telomerase expression and activity (Vaziri and Benchimol 1998),
with the exception of stem cells, however telomerase activity has been reported in virtually all
human tumours, but not in adjacent normal cells (Kim, Piatyszek et al. 1994; Shay and Bacchetti
1997). It is hypothesised that maintenance of telomere length is essential for the long term
proliferation of tumours (Holt and Shay 1999). Thus, increases in telomerase expression and activity
and maintenance of telomere length, allows cells to escape cellular senescence and represents an
important step in oncogenesis that most tumours necessitate for the proliferation (Shay, Zou et al.

2001).

A group of proteins termed the shelterin complex believed to mediate telomerase activity and the
proximal ends of telomeres (Palm and de Lange 2008) (Figure 1.12B). This complex consists of six
members; telomeric repeat binding factor 1 (TERF1), telomeric repeat binding factor 2 (TERF2),
TERF1 interacting nuclear factor 2 (TINF2), protector of telomeres 1 (POT1), telomeric repeat-binding
factor 2-interacting protein (TERF2IP) and TPP1 (Blasco and Martinez 2011). TERF1 and TERF2 bind
telomeric double stranded DNA directly, while POT1 binds to the 3’ singled stranded G rich

overhang.

Figure 1.12. Telomere structure (A) and functional roles of the telomeric proteins (B)(Blasco and
Martinez 2011)
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1.5.2 Bridge breakage fusion cycles
Dicentric chromosomes form when two broken chromosomes fuse at their ends after severe

telomere shortening, absence or low numbers of telomere repeats have been observed at the
junctions of dicentric chromosomes in ovarian cancer cells (Wan, Martens et al. 1999). During
anaphase, the two centromeres of a dicentric chromosome are pulled to the opposite poles of the
mitotic spindle, forming an anaphase bridge which eventually breaks. The site of breakage does not
occur exactly at the site of fusion, resulting in one daughter cell acquiring a chromosome with a
duplication on its end in the form of an inverted repeated, while the chromosome sequestered to
the other daughter cell contains a terminal deletion (Murnane 2006). Since neither of these
chromosomes contain a telomere, the cycle will be repeated the next time the cell replicates and
this cycle continues, causing extensive DNA amplification and terminal deletions, unti! the
chromosome eventually gains a new telomere and becomes stable (Lo, Sabatier et al. 2002) (Figure
1.13). Successive breakage fusion bridge (B/F/B) cycles in human cancer results in chromosomal
rearrangement and gene amplification in human cancers (Schwab 1999). The overall consequences
of successive B/F/B cycles depends on whether chromosome fusions occur between different

chromosomes or between sister chromatids (Murnane 2011).

/ l\ﬁ
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Figure 1.13. Dicentric chromosomes and chromosomes involved in telomeric associations can also

= e —

form bridges at anaphase. The broken ends may re-join subsequently or rearrange with other
broken chromosomes, forming new variants of dicentric chromosomes (Gisselsson, Pettersson et al.

2000).
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Fusion of chromosomes can occur through various mechanisms depending on cell type and
mechanism for telomere loss. The majority of chromosome fusions occur due to double strand break
(DSB) repair involving nonhomologous end joining (NHEJ), of which there are two categories classical
nonhomologous end joining (C-NHEJ) and alternative nonhomologous end joining (A-NHEJ)
(Murnane 2011). C-NHEJ is characterised by microhomology and the fusion sites and is associated
with significant deletions of chromosomal rearrangement (Haber 2008). C-NHEJ is the more
prominent form of NHEJ and A-NHEJ is only seen in cells which are deficient in C-NHEJ , as C-NHEJ
acts as a suppressor of A-NHEJ (Bennardo, Cheng et al. 2008; Jasin and Simsek 2010). The activity of
NHEJ may lead to the deletion of large sections of a chromosome resulting in inactivation of tumour
suppressor genes while amplification of chromosome regions could result in activation of proto-

oncogenes (Vogelstein 1999).

Telomere dysfunction has been investigated in Barrett’s oesophagus previously. Chromosome
instability driven by telomere shortening has been reported in Barrett’s oesophagus patients with
loss of the short (p) arm of chromosome 17 and 11q arm gains correlating with telomere length
(Rabinovitch, Finley et al. 2006); telomere shortening and chromosome instability was reported to
be an early event in Barrett’s oesophagus neoplastic progression and occurred prior to dysplasia.
This result correlates well with another that reported a major increase in telomerase activity
occurring after the Barrett's oesophagus stage in oesophageal carcinogenesis (Nwokolo, Barclay et
al. 2005). Telomere shortening and the subsequent bridge breakage fusion events leading to
chromosomal rearrangement followed by an increase in telomerase activity to maintain telomere
length in the now mutant cells may provide a rationale for carcinogenesis arising in Barrett’s
oesophagus. In this thesis, these events will be investigated in a panel of oesophageal cell lines
representing the metaplasia-dysplasia-adenocarcinoma Barrett’s disease sequence, in response to

culture in adipose conditioned media.

1.5.3 The spindle assembly checkpoint
A growing body of evidence suggests that defects in the spindle assembly checkpoint (SAC), a

surveillance mechanism that ensures the fidelity of chromosome replication during mitosis (Figure
1.14), is responsible for an increased rate of aneuploidy and subsequent tumourigenesis

(Roychoudhury, Mondal et al. 2007; Foulkes, Frio et al. 2010).
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Figure 1.14. The mitotic spindle

(taken from http://micro.magnet.fsu.edu/cells/fluorescencemitosis/anaphasellarge.html).

The SAC controls the metaphase-anaphase transition during cell replication in mitosis (Sunkel,
Malmanche et al. 2006). The SAC controls this complex by inhibiting CDC20, a co-factor of the
anaphase promoting complex/cyclosome (APC/C), resulting in checkpoint arrest until all
chromosomes are attached to the mitotic spindle (Doncic, Ben-Jacob et al. 2009) (Figure 1.15). While
it is universally accepted that the SAC controls the metaphase to anaphase transition, the exact
transduction pathways involved are the subject of intense scrutiny. While the existence of a control
mechanism for the metaphase to anaphase transition had been postulated in the early 1970s (Zirkle
1970), the SAC was first identified in budding yeast and revealed the MAD1,-2,-3 (mitotic arrest
deficient) and BUB1,-2,-3 (budding uninhibited by benomyl) genes which have since been shown to
be conserved throughout all metazoans (Rudner and Murray 1996). The MAD and BUB proteins,
along with CDC20 are localised at the kinetochores, a protein complex that forms at the centromeres
during cell division at the prometaphase stage of mitosis, and this localisation of SAC proteins

generates a diffusible ‘wait anaphase’ stop signal (Hardwick and Musacchio 2002).
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Figure 1.15.Components of the spindle assembly checkpoint (SAC) (Musacchio and Salmon 2007)

In healthy cells a single unattached kinetochore can stop cells entering anaphase (Rieder, Cole et al.
1995; Chan and Yen 2003), however in cancer ceils with a compromised SAC, this signal is not
sufficient to generate the ‘wait anaphase’ signal (Kops, Weaver et al. 2005). Dysregulations in the
spindle assembly checkpoint have been documented in a number of human cancers (Thirthagiri,
Robinson et al. 2007). In ovarian cancer cell lines, restoration of MAD2 in cells that failed to arrest in
the G(2)-M phase of the cell cycle in response to microtubule disruption, led to a successful mitotic
checkpoint response and cell cycle was arrested, preventing further chromosomal instability (Wang,
Jin et al. 2002). Significant mutations have also been reported in the BUB genes correlating with
complex chromosomal abnormalities in Adult T-cell leukemia/lymphoma (ATLL) (Ohshima, Haraoka
et al. 2000). While dysregulations in the spindle assembly checkpoint due to obesity or in the
Barrett’s neoplastic sequence have never previously been investigated, aberrant expression of
spindle assembly proteins conducive to carcinogenesis has been characterised in pre malignant
conditions. BUB1B was significantly associated with the progressive morphological changes in
patients with ulcerative colitis, a precursor lesion of colorectal cancer, with increasing aneuploidy
and cell proliferation occurring in tandem with up-regulations in BUB1B expression (Burum-Auensen,

Deangelis et al. 2007).
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1.6 Aims and objectives

1.6.1 General aim

The overall aim of this thesis is to delineate the pro-carcinogenic pathways and cellular instability
profiles activated by obesity and excess adiposity in Barrett’s oesophagus, independent of gastro-

oesophageal reflux disease.

1.6.2 Specific objectives
The overall aim of this thesis will be investigated by
a) Identification of a pro-tumour gene expression signature activated by adipose conditioned media

in a non-neoplastic Barrett’s oesophagus cell line model and to investigate the expression of these

genes in Barrett’s oesophagus biopsies from obese and non-obese patients

b) Determining the effect of obesity on the invasive capacity and the proliferative capacity on a
panel of oesophageal cell lines representing the metaplasia-dysplasia-adenocarcinoma sequence

associated with the neoplastic progression of Barrett’s oesophagus

c) Examination of telomere length in response to adipose conditioned media in the panel of

oesophageal cell lines

d) Investigation of the effect of adipose conditioned media on the anaphase bridging and

dysregulation of the spindle assembly checkpoint complex on the panel of oesophageal cell lines

35






Chapter 2: Materials and methods

37



2.1 Reagents

All laboratory chemicals and reagents were purchased from Sigma Chemical Company (MO,
USA) unless otherwise stated, and prepared and stored according to manufacturer’s
specifications. Solid reagents were weighed using a Scout Pro electronic balance (Ohaus
Corporation, NJ, USA) or an Explorer Pro fine electronic balance (Ohaus Corporation, NJ, USA),
and made up using double distilled water, unless otherwise stated. The pH of solutions was
measured using a pH 211 microprocessor pH metre (Hanna instruments, RI, USA), calibrated
with buffers at pH 4, pH 7, and, pH 10. Solutions were autoclaved prior to use and stored at
room temperature unless otherwise stated. Gilson pipettes (Gilson S.A., France), were used to
transfer liquid volumes up to 1ml, electronic pipette aids (Drummond, PA, USA) and disposable
Pasteur pipettes (Starstedt Ltd., Wexford, Ireland) were used for volumes greater than 1ml and

graduated cylinders were used for volumes in excess of 10ml.

2.2 Cell culture

All cell culture media was purchased from Lonza (Basel, Switzerland) and all cell culture plastics
were purchased from Starstedt Ltd. (Wexford, Ireland) unless otherwise stated. All cell lines
were purchased from the American Collection of Cell Cultures (ATCC, Virginia, USA) unless
otherwise stated. Cell culture was carried out in a dedicated cell culture room which was
cleaned and sterilised monthly. Cell culture was carried out in a Grade Il laminar hood using
aseptic technique while wearing a clean lab coat with elasticated cuffs and disposable latex
gloves. The cabinet was cleaned with 70% (v/v) ethanol before and after each use and all

reagents, media, and plastics were taken into the cabinet and cleaned in this manner.

2.2.1 Generation of 3T3 feeder layer

3T3 cells were grown to 90% confluency in T-75 flasks in Dulbecco's Modification of Eagle's
Medium (DMEM) media supplemented with 10% fetal calf serum (FCS) and 1% penicillin/
streptomycin (pen/strep). The maintenance media was removed, cells washed with PBS, and
then treated for 2hr with 20ml of DMEM media containing 0.5mg/ml of mitomycin C (Sigma
Aldrich, Ireland). After 2hr, the media was removed, cells washed, and trypsinised and
centrifuged to generate a cell pellet. This pellet was washed with PBS, re-centrifuged, and then
re-suspended in freezing media consisting of 90% FCS and 10% dimethyl sulfoxide (DMSO).
One mitomycin-c treated T-75 flask was sufficient to generate 8 vials of feeder layers for
freezing. To prepare a feeder layer for BAR-T cells, feeder layers were thawed 24hr before sub-

culturing of BAR-T cells, in DMEM containing 10% FCS and 1% Pen/Strep, in 10cm cell culture

38



dishes. Plates that were at least 30% confluent after 24hr were suitable for growth of the BAR-

T cell line.

2.2.2 BAR-T cell line

The BAR-T cell line, derived from a Barrett’s oesophagus patient biopsy, was a kind gift from
Dr. Rhonda F. Souza of South-western University, Dallas, Texas, U.S.A and was maintained in
keratinocyte growth media (KGM-2) containing 5% FCS and 1% pen/strep. The media was also
supplemented with 400ng/ml hydrocortisone, 20ng/ml epidermal growth factor, 0.1nM
cholera toxin, 20ug/ml adenine, 5ug/ml insulin, 5ug/ml transferrin, and 70ug/ml of bovine
pituitary extract. This cell line was grown on a mitomycin-c treated 3T3 feeder layer in 10cm?

petri dishes and incubated at 37°C and 5% CO,.

2.2.3 HET-1A cell line

The HET-1A cell line, which represents healthy squamous oesophageal tissue was purchased
from the American Collection of Cell Cultures (ATCC, Virginia, USA). The cell line was
maintained in bronchial epithelial cell basal media (BEBM) enhanced with hormonal cocktail
BEGM® SingleQuots®. This supplemented the media with BEGM singlequots include bovine
pituitary extract (BPE), insulin, hydrocortisone, GA-1000, transferrin, tri-iodo thyronine (T3),

epinephrine and human epidermal growth factor.

2.2.4 Barrett’s oesophagus cell lines

The QH and GO cell lines, representing metaplastic Barrett’s oesophagus and high grade
dysplastic Barrett’s oesophagus, respectively, were a kind gift from Dr. Shane Duggan of Trinity
College, Dublin. These cell lines were maintained in bronchial epithelial cell basal media
(BEBM) enhanced with hormonal cocktail BEGM® SingleQuots®. This supplemented the media
with BEGM singlequots include bovine pituitary extract (BPE), insulin, hydrocortisone, GA-
1000, transferrin, tri-iodo thyronine (T3), epinephrine and human epidermal growth factor.
Additionally, QH and GO cell line media were supplemented with 10% FCS and 1% pen/strep.

The cell lines were incubated at 37°C and 5% CO,.

The QH cell line is used as a substitute for the BAR-T cell line in functional studies as the BAR-T

cell line cannot be used because of the 3T3 necessary for growth of the cell line.

2.2.5 Oesophageal cancer cell line
The OE33 cell line, derived from oesophageal adenocarcinoma was purchased from the

American Collection of Cell Cultures (ATCC) and was maintained in Roswell Park Memorial
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Institute (RPMI) 1640 medium supplimented with 10% FCS and 1% pen/strep. The cell line was
incubated at 37°C and 5% CO,.

2.2.6 Cell subculture

The cell lines were examined daily using an inverted phase contrast Nikon microscope (Nikon
Corporation, Tokyo, Japan) and subcultured upon reaching 80-90% confluency. 5ml of trypsin
Ethylene Diamine Tetra Acetic Acid (EDTA) (0.05% (w/v) trypsin, 0.02% (w/v) EDTA) was added
to the flask and incubated at 37°C for several minutes or until the cells detached from the
surface of the flask. 10ml of complete media (containing 10% FCS) was then added to

inactivate the trypsin and cells were seeded at appropriate densities in new flasks.

2.2.6.1 Subculture of BAR-T cell line
Growth media was extracted and cells were washed with phosphate buffer saline (PBS) to

remove residual media. The cells were washed in 10ml of 0.5M Ethylene Diamine Tetra Acetic
Acid (EDTA) at a 45° angle. Half the plate was washed 10 times and then the dish was rotated
180° and the other half of the plate was washed. The EDTA wash was repeated and then the
cells were washed with PBS. The dish was then inspected under a microscope to ensure
complete removal of the feeder layer. The remaining BAR-T cells were treated with 3ml of
trypsin EDTA for 2min at room temperature. 2.5ml of trypsin EDTA was then removed and the
dish was then incubated at 37°C for 5min. 10ml of KGM-2 media was then added to inactivate
the trypsin and cells were seeded in appropriate densities in pre-prepared dishes containing

the 373 feeder layer.

2.2.7 Preperation of frozen stocks

Frozen stocks were prepared from cell lines growing in the exponential phase and at 70-80%
confluency. Cells were trypsinised as described above (section 2.2.6) and 10ml of maintenance
media was added to inactivate the trypsin. Cells were centrifuged at 180 x g for 3min, the
supernatant decanted, and pelleted cells were resuspended in FCS containing 10% DMSO. The
cell suspension was divided in 1ml aliqouts and cryovials were then transferred to a -80°C

freezer for short term storage, or under liquid nitrogen for long term storage.

2.2.8 Reconstitution of frozen cells

Frozen stocks were thawed rapidly at 37°C and added to 5ml of appropriate maintenance
medium, and centrifuged at 180 x g for 3min. The supernatant was decanted and the cell pellet
was resuspended in 5ml of maintenance media, transferred to a 25cm?” flask and incubated
overnight at 37°C and 5% CO,. Media was replaced the following day to remove any dead cells
and subculture was continued as described (section 2.2.6).
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2.2.9 Cell counting

Cells were counted using a Bright Line haemocytometer (Hausser Sceintific, PA, USA). Cells
were trypsanised as described (section 2.2.6), added to 10ml of maintenance medium and
centrifuged at 180 x g for 3 min. The supernatant was decanted and the cell pellet
resuspended by repeated pipetting in 1ml maintenance media. 20pl of the cell suspension was
added to 180ul trypan blue (0.4% w/v) solution and allowed to sit at room temperature for 1
min. Viable cells were unstained due to their exclusion of trypan blue, wheraes dead cells were
stained blue, due to their disrupted membranes. 20ul of this cell suspension was added to the
counting chamber of the haemocytometer and the number of viable cells in of of the four
corners of the grid were counted. The number of cells per ml was calculated using the

following equation:

(total number of cells/4) x 10° x 10 (dilution factor) = no. cells/ ml

2.2.10 Mycoplasma testing

Upon receipt of a new cell line, and every six months thereafter, cells were tested for
mycoplasma infection using the MycoAlert™ myoplasma detection system (Cambrex
BioScience, Rockland, ME, USA). Mycoplasmal enzymes react with the MycoAlert™ substrate
resulting in the conversion of ADP to ATP. The level of ATP in the sample before and after the
addition of this substrate therefore indicates whether the sample is contaminated with
mycoplasma. Cell lines to be tested were passaged twice in antibiotic free medium before a
1ml sample of supernatant was taken. The supernatant was centrifuged at 180 x g for 3 min to
pellet any floating cells and 100ul of supernatant was transferred to a luminescence
compatible plate. 100ul of MycoAlert™ reagent was added and incubated for 5 min before a
one second intergrated reading (‘Reading A’) was taken on a luminometer (Wallac Victor 2
1420, Perkin Elmer, Ballymount, Dublin). 100ul of MycoAIer’(TM substrate was then added to
the sample and incubated for 10 min before a second reading (‘Reading B’) was taken. A
‘Reading B : Reading A’ ratio <1 indicated cells were free of mycoplasma and all cell lines
remained cell of mycoplasma infection throughout the course of this work (representative test

results shown in Appendix ).

2.3 Adipose tissue biobank
An adipose biobank was established in the Department of Surgery in July 2007 and standard

operating procedures were optimised from a previously published study (Alvarez-Llamas et al.,

2007).
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2.3.1 Patient recruitment and classification

Male patients (>40 years old) undergoing resective surgery for oesophageal adenocarcinoma
were recruited to the adipose tissue biobank. All recruited patients gave informed consent for
use of their adipose tissue in this study, and the study obtained ethical approval for St James's
Hospital Review Board. Patients were seperated into viscerally obese and non obese
categories based on waist circumference cut off measurement of 94cm as specified by the
International Diabetes Federation (IDF). Waist circumference was measured at the midpoint
between superior iliac crest and subcostal margin, height and weight was recorded and used
to determine body mass index (BMI) while computed tomography (CT) at the L3-L4

intervertabral space was used to calculate the visceral, subcutaneous and total fat area.

2.3.2 Biobanking

Two 3ml fasting blood samples were taken in serum collection tubes on the morning of
surgery. The samples were centrifuged at 750 x g for 10 min to seperate the serum which was
then stored at -80°C. An omental and subcutaneous adipose tissue specimen were excised at
the beginning of the surgical procedure and immediately transported in sterile transport buffer
(glucose (0.15%), gentamycin (0.05mg/ml) in PBS) for processing in a Grade Il laminar air flow
cabinet. A thumbnail sized sample of both subcutaneous and omental adipose tissue was
preserved in 10% paraformaldehyde for future immunohistochemical analysis. The remaining
adipose tissue was minced with a pair of scissors and washed with sterile PBS. Aliquots of
300mg of tissue were placed in seperate cryovials, snap frozen in liquid nitrogen and stored at
-80°C for RNA extraction, while the remainder was cultured to produce adipose conditioned
media (ACM). This was carried out as followed: in a tissue culture dish, 5g samples of minced
and washed adipose tissue were incubated in 10ml of serum free M199 media for 72hr at 37°C
and 5% CO, ACM was then filtered (BD Biosciences, Bedford, MA, USA) to remove adipose

tissue fragments and the supernatant was stored at -80°C.

2.3.3 Culture of cell lines with ACM

Cells were seeded in 6 well plates at a concentration of 1.5 x 10° cells/well and allowed to
adhere for a minimum of 6 hr before serum starving (media containing 0.5% FCS) overnight.
The following day 2ml of ACM or 2ml of M199 control media was added to the wells and the
plate was incubated at 37°C and 5% CO, for 24hr or 48hr depending on the experiment. RNA
was then harvested from the cells using the TriReagent protocol and supernatant was stored

at -80°C.
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2.4 Barrett’s oesophagus biobank

Male patients (>40 years old) attending an out patient endoscopy clinic were recruited to the
Barrett’s oesophagus biobank. All recruited patients gave informed consent for use of their
adipose tissue in this study, and the study obtained ethical approval for St James’s Hospital
Review Board. Patients were seperated into viscerally obese and non obese categories based
on waist circumference cut off measurement of 94cm as specified by the International
Diabetes Federation (IDF). Waist circumference was measured at the midpoint between
superior iliac crest and subcostal margin, height and weight was recorded and used to

determine BMI.

2.4.1 Biobanking

Four biopsies of Barrett’s metaplasia were taken from patients, attending an outpatient
endoscopy clinic, at 2cm intervals using a disposable biopsy forceps. Samples were briefly
stored on saline gauze at room temperature before transfer to the lab. A single biopsy of
Barrett’s metaplasia from each patient was placed in RNAlater immediately upon receipt. A
single Barrett’s metaplasia biopsy was also cultured in 1ml of serum free M199 media for 24hr
at 37°C and 5% CO, to produce Barrett’s conditioned media (BCM). This media was collected
and stored at -80°C. Two 3ml fasting blood samples were taken in serum collection tubes
during the clinic. The samples were centrifuged at 750 x g for 10 min to seperate the serum

which was then stored at -80°C.

Serums taken as part of the Chemoprevention of Premalignant Intestinal Neoplasia (ChOPIN)
study, a multicentre trial in Ireland and the U.K which aims to validate putative cancer

biomarkers in Barrett’s oesophagus, were also included in the biobank for screening.

2.5 Investigation of RNA expression

2.5.1 RNA isolation from Barrett’s metaplasia biopsies and cell lines
using Qiagen Rneasy kit

RNA was extracted using Qiagen Rneasy Mini kit (Qiagen Inc., CA, USA). Barrett’s metaplasia
biopsies were homogenised in 600ul Buffer RLT using a Qiagen TissuelLyser (Retsch GmbH &
Co., Haan, Germany) at 250rpm for 6 min with one 5mm stainless steal bead (Qiagen Inc., CA,
USA) added to each sample to aid homogenisation. The bead was removed and samples were
centrifuged at 12000 x g for 3 min at 4°C, and supernatant was transferred to a new tube by

pipetting. 600l of ethanol (70% v/v) was added to the supernatant and mixed immediately by
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pipetting and transferred in volumes of 700ul to an Rneasy spin column placed in a 2ml
collection tube. The spin column was centrifuged at 12000 x g for 15s and the flow through
was discarded. The spin column was washed by first applying 700ul buffer RW1, then 500ul
buffer RPE with centrifugation at 12000 x g for 15s at room temperature between each step. A
final wash step in 500ul buffer RPW was centrifuged for 2 min in order to dry the membrane
and ensure no ethanol was carried over. RNA was eluted in 30 pl of Rnase free water by

centrifugation for 1 min at at 12000 x g at room temperature.

For Human Cancer Pathway Profiler Arrays, RNA was isolated from BAR-T and HET-1A cells

using Qiagen Rneasy kit as described, omitting the homogenisation step.

2.5.2 RNA isolation from cell lines using TriReagent method

RNA to be used for reverse transcription polymerase chain raction (RT-PCR) and quantitative
real time polymerase chain reaction (qPCR) was isolated from cell lines using the TriReagent
method. RNA was isolated from cell lines using 1ml of TriReagent (Molecular Research Center,
Montgomery Road, OH, USA), containing a mixture of guanidine thiocyanate and phenol in
monophasic solution. Samples lysed in TriReagent were stored at -80°C unti RNA extraction.
Total RNA was isolated as follows: samples were thawed and stored at room temperature for 5
min following which 100ul of Bromo-3-chloro-propane (BCP) was added. Samples were then
vortexed for 15s and allowed to stand at room temperature for 15 min. Following
centrifugation at 12000 x g at 4°C for 15 min, the upper aqueous phase was carefully removed
to a new tube and subsequent steps were carried out at room temperature. 500ul of
isopropanol was added to the tube and incubated for 10 min followed by centrifugation at
12000 x g for 8 min. The supernatant was decanted and the pellet washed in 1ml ethanol (75%
v/v) by brief vortexing followed by centrifugation at 12000 x g for 5 min. The ethanol was
decanted and the pellet allowed to air dry for 3-5 min. The pellet was resuspended in 40ul

Rnase free water.

2.5.3 RNA quantification and purity analysis

RNA quantification was determined spectrophotometrically, using a Nanodrop 1000
spectrophotometer (version 3.1.0, Nanodrop technologies, DE, USA). 1ul Rnase free water was
used to blank the instrument prior to RNA analysis. 1pl of each sample of isolated RNA was
loaded onto the instrument and concentration was measured in ng/ul. 260:280 and 260:230

purity ratios were also recorded. A 260:280 ratio greater than 1.65 was indicative of a
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relatively pure RNA yield, while a 260:230 ratio greater than 1.7 indicated the sample was free

of phenol contamination.

2.5.4 cDNA synthesis

The reverse transcriptase enzyme and buffer were purchased from Bioline (Bioline, Kilkenny,
Ireland), all other reagents were purchased from Invitrogen (Invitrogen Corp., CA, USA). cDNA
was synthesised by adding random primers (0.5 pg/ul) to 250ng total RNA and heating the
sample to 70°C for 10 min in order to denature the RNA, and then immediately chilled on ice
for at least 1 min. A master mix containing reverse transcription components was then added
to each sample containing: RNaseOUT recombinant ribonuclease inhibitor (1 Unit/ ul), dNTPs
(10mM, prepared as a 1:1:1:1 ratio of dATP, dGTP, dTTP and dCTP), Bioscript reverse
transcriptase (200units/pul) in 5X Bioscript reaction buffer. This mixture was them incubated at
37°C for 1 hr and 70°C for 10 min. The resulting cDNA was stored at -20°C and 1pl of cDNA

template was used to investigate gene expression.

Table 2.1. Reagents and volumes used in cDNA synthesis

" Reagent Volume (l) (per sample)
Random Primers B R R O R A e
250ng of RNA + RNase free H,0 11

Heated for 10 min at 70°C and cooled on ice for 1 min then following mix added:

5X Bioscript reaction buffer 4
H,0 2
DNTPs 1
RNase out 0.5
Bioscript Reverse Transcriptase 0.5
Total Volume 20

For Human Cancer Profiler Arrays, cDNA synthesis was generated using First Strand cDNA
synthesis kit (Super Array BioScience Corporation, Frederick, MD, USA). 250ng of each RNA
sample was combined with 1ml of random primers in a sterile PCR tube and made up to a final
volume of 10ul with RNase free water. The contents were vortexed briefly and centrifuged
before being placed in a thermal cycler at 70°C for 3 min, followed by 37°C for 10 min. 10ul of
reverse transcription cocktail (4ul of 5x RT-Buffer, 4ul of RNase free water, 1ul of RNase
inhibitor and 1pl of reverse transcriptase) was added to each sample, briefly vortexed and

centrifuged before incubating at 37°C for 1 hr. Samples were then heated to 95°C for 5 min to
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degrade the RNA and deactivate the reverse transcriptase. 80ul of RNase free water was
added to each sample and mixed well to give a final volume of 100ul. Samples were stored

overnight and run on PCR arrays the following day (section 2.5.10).

2.5.5 Reverse transcription polymerase chain reaction (RT-PCR)

cDNA was used as a template for PCR. The following PCR master mix was added to each
sample: Mangomix® Master mix (Bioline, Kilkenny, Ireland) forward primer (20uM), reverse

primer (20uM) and RNase free water. 1ul cDNA was used per reaction and a non template
control was included for each primer set by replacing cDNA with 1ul of RNase free water.
Template cDNA was denatured at 94°C for 5 min, and each cycle consisted of primer annealing
(55-62°C for 1 min, optimised for each target) and extension (72°C for 1 min). This was

followed by an elongaticn step to complete the amplification cycle (72°C for 5 min).

Table 2.2. Reagents and volumes used in RT-PCR

Volume (pl) (per sample)

»Reagentw

Mangomix® Master Mix 10
Forward Primer 2
Reverse Primer 2
H,0 6
cDNA il
Total Volume 21

All reverse transcription primers were purchased in lyophilised form from Metabion (Metabion
International, Martinsried, Germany) and rehydrated to a stock concentration of 400uM in
RNase free water. Primer sequences and number of amplifaction cycles used in PCR are

outlined in the below table.

Table 2.3. Primer sequences in RT-PCR

Gene Forward Primer Reverse Primer Cycle
GAPDH | 5-GCAGGGGGGAGCCAAAAGGG-3’ 5’-TGCCAGCCCCAGCGTCAAAG-3’ 30
Villin 5’-AATGGCCACCATGGAGAACA-3’ 5’-ACCACAATTCTGTCTTTCACGG-3’ 35
CK8 5’- AACAACCTTAGGCGGCAGCT -3’ 5’- GCCTGAGGAAGTTGATCTCG -3’ 35
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2.5.6 Agarose gel electrophoresis
Agarose gels were prepared in Tris-Acetate-EDTA (TAE) buffer (40mM Tris HCI (pH8.3), 20mM

acetic acid, ImM EDTA). A 1.4% agarose solution was heated in a microwave for 90s to allow
the agarose to dissolve. It was allowed to cool to approximately 55°C before adding SYBR®

safe DNA gel stain (10000 x concentration in DMSO, Invitrogen corporation, CA, USA) to a final
concentration of 1ug/ml. The solution was poured into a gel tray with a comb to a depth of 3-

5mm and allowed to set.

The DNA samples, containing loading buffer present in the Mangomix®reagent were loaded
into the agarose gel. Electrophoresis of the samples was carried out at 100 volts in an EC-360
Maxicell gel system (EC Apparatus Corp., FL, USA), using 1x TAE as a running buffer. The bands
were visualised and photographed under UV light using a Biospectrum imaging system (Uitra

Violet Products, Cambridge, UK).

2.5.7 Quantitative real time PCR (qPCR)

Quantitative PCR was used to quantify mRNA expression in samples relative to the 18s
ribosomal RNA endogenous control. This was carried out using a probe based method, which
works as follows: sequence specific probes are labelled with a flourescent reporter molecule at
the 5’ end, and a flourescence quencher molecule at the 3’ end. The close proximity of the
reporter to the quencher prevents detection of flourescence. Upon transcription, the 5-3
exonunclease activity of the Taq polymerase removes the quencher molecule and allows
fluorescence emission, detected following laser excitation of the sample. All reagents were
purchased from ABI Biosystems (CA, USA). A master mix containing primer/probe and
Tagman® Gene Expression Master Mix, was added to 1pl of cDNA template (see table below).
A final volume of 20ul was pipetted into a well of a MicroAmp™ Optical 96 well reaction plate
in duplicate(ABO Biosystems, CA, USA) and a real time PCR was performed on the ABI Prism
7500 (ABI Biosystems, CA, USA) real time thermal cycler. The plate was heated to 95°C for 15
min, followed by 40 cycles of 95°C for 15s and 60°C for 1 min. The threshold cycle (Ct) for each
well was calculated using the instrument software and data analysis was carried out using
Microsoft Excel. Data analysis was based on the AACt method with raw data normalised by the

18s housekeeping gene included on the plate.
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Table 2.4. Reagents and volumes used for qPCR

Reagent Volume (ul)

WIVVIaster Mix 10

Forward Primer

Reverse Primer il
Probe

RNase Free Water 8
cDNA il

Final Volume 20

2.5.8 Human Cancer Profiler array validations and gene expression in
Barrett’s metaplasia biopsies

Real time PCR was carried out to validate gene targets identified on the Human Cancer Profiler
Array in the HET-1A, BAR-T, QH, GO and OE33 cell lines, and Barrett’s metaplasia biospies from
consented patients. Real time PCR of the gene targets was also carried out on the murine 3T3
feeder layer to ensure potential carry through of murine RNA in BAR-T RNA extractions did not

influence results.

Tagman fluorogenic gene expression probe sets (ABI Biosystems, CA, USA) were used for all
gene expression experiments. All probe sets used were FAM labelled: MMP1 Assay ID:
Hs00899658 m1 TIMP3 Assay ID: Hs00165919 _m1. IL8 Assay ID: Hs01567912_m1: MCAM
Assay ID: Hs001744838 m1: VEGFA Assay ID: Hs00900055_m1. Quantitative normalisation of
cDNA in each sample was performed using the ribosomal RNA subunit 18s (Assay ID: Hs

99999901 s1) as an endogenous control.

2.5.9 Real time PCR of spindle assembly checkpoint genes and telomere
binding proteins
Real time PCR was carried out in the in the HET-1A, QH, GO and OE33 cell lines to investigate

gene expression of spindle assembly checkpoint genes (SAC) and telomere binding proteins
after ACM treatment of these lines. Tagman fluorogenic gene expression probe sets (ABI
Biosystems, CA, USA) were used for all gene expression experiments. All probe sets used were
FAM labelled: BUB1B Assay ID: Hs01084828 m1: CENPE Assay ID: Hs01068241_m1: CDC20
Assay ID: Hs00415851 gil: ESPL1 Assay ID: Hs00202246_m1l: MAD2L2 Assay ID:
Hs01057448 m1: DKC1 Assay ID: Hs00154737_m1: TPP1 Assay ID: Hs00166099 m1: TERF1
Assay ID: Hs00744634_m1: TERF2 Assay ID: Hs00194619_m1: TERT Assay ID: Hs00972656_m1:
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POT1 Assay ID: Hs00209984 m1: TEP1 Assay ID: Hs00200091_m1: TINF2 Assay ID:
Hs00173291_m1: TERF2IP Assay ID: Hs00430292_m1: TRC Assay ID: Hs03297287_s1.
Quantitative normalisation of cDNA in each sample was performed using the ribosomal RNA

subunit 18s (Assay ID: Hs 99999901 s1) as an endogenous control.

2.5.10 Human Cancer Pathway Finder Arrays

Changes in the expression profile of a panel of genes representative of molecular pathways of
tumourigenesis were examined using RT* profiler™ Human Cancer Pathway Finder PCR Array
technology (Super Array Bioscience Corporation, Frederick, MD, USA). This array is based on a
96 well plate format, containing primer sets for 84 genes involved in six biological pathways of
tumourigenesis:  apoptosis, cell cycle, angiogenesis, invasion and metastasis, signal
transduction and adhesion, as previously described (Hanahan and Weinberg, 2000). Five
housekeeping genes were included to normalise the data and two negative controls were
included to estimate the level of genomic DNA contamination in the PCR system. A full list of

genes measured on this array are listed in Appendix Ill.

Samples were prepared for loading onto the qPCR array by adding 1225ul of 2X SuperArray
PCR master mix and 1127ul RNase free water to 98ul of the diluted cDNA synthesis reaction to
give a final volume of 1225ul. 25ul of reaction mix was added to each well except the non
template control, to which the same mix was added with RNase free water instead of cDNA.
Real time PCR detection was performed on an ABI Prism 7500 (ABI Biosystems, CA, USA) real
time thermal cycler. The plate was heated to 95°C for 15 min, followed by 40 cycles of 95°C for
15s and 60°C for 1 min. The threshold cycle (Ct) for each well was calculated using the
instrument software and data analysis was carried out using a Microsoft Excel based data
analysis template. Data analysis was baed on the AACt method with raw data normalised by
the house keeping genes included on the plate. Fold changes in gene expression observed in
the RT-PCR array in the analysis were validated using qPCR using the protocols outlined
previously in section 2.4.8. Gene changes were only reported if the transcript was amplified

before 35 cycles.

2.6 Telomere Length

2.6.1 DNA extraction

Cells were seeded in 12 well plates at a concentration of 3 x 10* cells/ml and allowed to adhere
to the plate for at least 6 hr. Cells were then serum starved in media containing 0.5% FCS and

subsequently grown in ACM generated from surgically excised visceral adipose tissue from
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both obese and non obese male oesophageal adenocarcinoma patients, for 24hr and 48hr.
Genomic DNA was extracted by adding 1ml DNA lysis buffer directly to the well. The

constituents of the lysis buffer are listed below in Table 2.5

Table 2.5. Constituents of DNA lysis buffer

Constituent ~Volume (ml)
10mM Tris HCI pH 8.0 5
0.5M EDTA 0.5
10% SDS il
5M Nacl 2
20mg/ml proteinase K 0.25
Deionised H,0 41.25
Final Volume 50

Cells were scraped with cell scrapers (Sarstedt, Wexford, Ireland), transferred to 2ml
eppendorfs and were incubated at 37°C for 3 hr. 1ml of isopropanol was added to the lysate
and samples were left to stand at room temperature for 30 min before centrifugation at 12000
x g at 4°C. The supernatant was decanted and 0.5 ml of 70% (V/V) ethanol was added to the
DNA pellet. The sample was subsequently centrifued at 3500 x g for 5 min and the pellet was

resuspended in 30ul of DNase free water.

2.6.2 DNA quantification and purity analysis

DNA quantification was determined spectrophotometrically, using a Nanodrop 1000
spectrophotometer (version 3.1.0, Nanodrop technologies, DE, USA). 1ul of DNAse free water
was used to blank the instrument prior to DNA analysis. 1ul of each sample of isolated DNA
was loaded onto the instrument and concentration was measured in ng/ul. 260:280 and
260:230 purity ratios were also recorded. A 260:280 ratio greater than 1.65 was indicative of a
relatively pure DNA yield, while a 260:230 ratio greater than 1.7 indicated the sample was free

of contamination.

2.6.3 Telomere Length PCR

Telomere length was measured by Quantitative-PCR using a method adapted from the one
origanally described by Cawthon (Cawthon 2002) . For each sample, two PCRs were
performed: the first one to amplify the telomeric DNA and the second one to amplify a single-

copy control gene (36B4, acidic ribosomal phosphoprotein PO). This provided an internal
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control to normalize the starting amount of DNA. A five-point standard curve (2-fold serial
dilutions from 10 to 0.625ng of DNA) was included in all PCRs to allow the transformation of Ct
(cycle threshold) into nanograms of DNA. All samples were run in triplicate and the median
was used for subsequent calculations. The amount of telomeric DNA was divided by the
amount of control-gene DNA, producing a relative measurement of the telomere length of the
sample. Two control samples were run in each experiment to allow for normalization between
experiments and periodical reproducibility experiments were performed to guarantee correct
measurements.

All telomere length PCR reactions were run in the ABI Prism 7500 (ABI Biosystems, CA, USA)
real time thermal cycler. 2ng of genomic DNA was run per sample per well and all samples
were run in duplicate in a final volume of 20ul. Each reaction included 2X Quantifast ™ SYBR
green PCR master mix (Qiagen Inc., CA, USA), 1ul of forward and reverse primer (Metabion,
Germany) and 7ul of DNase free water. The telomere PCR used 300nM of each primer (tellb:
CGGTTTGTTTGGGTTITGGGTTTGGGTTTGGGTTTGGGTT; tel2b:
GGCTTGCCTTACCCTTACCCTTACCCTTACCCTTACCCT). and 30 cycles of amplification at 95°C for
15s and at 56°C for 60s. The control gene PCR used 300nM of forward primer (36B4u:
CAGCAAGTGGGAAGGTGTAATCC) and 500nM (36B4d: CCCATTCTATCATCAACGGGTACAA) of
reverse primer and 35 cycles of amplification at 95°C for 15s and at 56°C for 20s and 72°C for
20 s. Both PCR reactions had an initial denaturation step at 95°C for 15 min. Ct values for each
sample were converted into nanograms of DNA using standard curves.

Ct values from the telomere assay were normalized to the single gene reference. The telomere
length (x) from each sample was based on the telomere to single copy gene ratio (T/S ratio)
and was based on the calculation of the AC; [Ci(telomere)/Cy(single gene)]. Telomere length
was expressed as a relative T/S ratio, which was normalized to the average T/S ratio of the

-(ACT - ACT -AAC
reference sample [2( % J=2 1]

2.7 Anaphase Bridging

2.7.1 Staining of Anaphase Bridges

Cells were seeded in 12 well plates at a concentration of 3 x 10* cells/ml for a 24hr ACM
treatment and 1.5 x 10° cells/m| for a 48hr ACM treatment and allowed to adhere to the plate
for at least 6 hr. Cells were then serum starved in media containing 0.5% FCS and subsequently
grown in ACM generated from excised ommental adipose tissue from both obese and non
obese male oesophageal adenocarcinoma patients, or M199 control, for 24 and 48 hr at 37°C .

The cells were then washed with PBS and fixed to wells with 3.7% paraformaldeyde at room
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temperature for 15 min. The cells were then stained with a 1 in 2 dilution of haemotoxylin in
PBS for 30 min at room temperature. The fixed cells were then washed once with tap water to
remove excess stain, and then washed in 50% and 100% ethanol before drying on the bench
for 1 hr. Anaphase bridges were counted using a Olympus CKX41 (Toyko, Japan) microscope at
100x magnification. Number of anaphase bridges counted were normalised for cell number
with a 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay and

expressed as a percentage of the M199 control.

2.7.1.1 IL-8 and VEGF quenching in ACM

Cells were seeded in 12 well plates and grown in ACM and M199 control as described
previously (section 2.7.1). At t=0 these cells were then treated with either anti VEGF
neutralising antibodies (R&D Systems) to a final concentration of 100ng/ml/well or anti-IL8
neutralising antibodies (R&D systems) to a final concentration of 1ug/ml/well and grown for 24
hr at 37°C in 5% CO,. Cells were subsequently fixed and stained as described previously

(section 2.7.1).

2.7.2 MTT assay

Cells were seeded in 12 well plates at a concentration of 3 x 10* cells/m! for a 24hr ACM
treatment and 1.5 x 10* cells/m| for a 48hr ACM treatment and allowed to adhere to the plate
for at least 6 hr. Cells were then serum starved in media containing 0.5% FCS and subsequently
grown in ACM generated from excised ommental adipose tissue from both obese and non
obese male oesophageal adenocarcinoma patients, or M199 control, for 24 and 48 hr. MTT
reagent was dissolved in M199 media was added to the wells to a final concentration of
0.5mg/ml and incubated for 2 hr at 37°C. The media was subsequently removed, the cells
washed with PBS, and 600ul of DMSO was added to each well to lyse the cells. The 12 well
plate was incubated in the dark for 5 min to allow colour development and contents of the
wells were transferred to a 96 well plate and read immediately at 450nm using an Alpha Fluor

Plus Spectrophotometer (Tescan Trading AG, Switzerland) to determine cell number.

2.7.1.2 IL-8 and VEGF quenching in ACM

Cells were seeded in 12 well plates and grown in ACM and M199 control as described
previously (section 2.7.2). At t=0 these cells were then treated with either anti VEGFA
neutralising antibodies (R&D Systems) to a final concentration of 100ng/ml/well or anti-IL8
neutralising antibodies (R&D systems) to a final concentration of 1ug/ml/well and grown for 24
hr at 37°C in 5% CO,. Cells were subsequently treated with MTT agent as described previously

(section 2.7.2) and cell number calculated.
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2.8 ELISA

Enzyme linked immunosorbent assays (ELISAs)(R&D systems, Inc., MN, USA) were used to
determine IL8, IL-6 and VEGF levels in ACM. ELISA plates (Greiner-Bio, Frickenhausen,
Germany) were coated with with 50ul capture antibody at room temperature overnight, and
washed three times in PBS (with 0.05% Tween 20). Samples were diluted to appropriate
concentrations in 1% BSA, as determined by optimisation steps and 50l of sample was loaded
to each well in triplicate, with the exception of blanks which contained only 1% BSA. For the
VEGF ELISA, the patient ACM samples were loaded neat onto the plate. For the IL8 ELISA, the
patient serum samples were loaded neat onto the plate but the ACM samples required a 1/200
dilution as determined by optimisation. A serial dilution was made from the standard supplied
and 50ul of each concentration of the standard was loaded onto the plate in triplicate.
Samples were incubated at room temperature overnight and the plate was washed three
times in PBS (with 0.05% Tween 20). 50ul of detection antibody was added to each well and
the plate was incubated for 2 hr at room temperature. The plate was washed three times in
PBS (with 0.05% Tween 20) and 50ul of streptavidin-HRP (1/200 dilution in 1% BSA) was added
to each well and incubated at room temperature for 20 min. 50ul of substrate
tetramethylbenzidine (TMB) was added to each well and placed in the dark until the colour
developed (2-10 min). 25ul of H,SO, was added to each well to stop the reaction and the plate
was read immediately at 450nm using an Alpha Fluor Plus Spectrophotometer (Tescan Trading
AG, Switzerland). Protein concentrations were determined by interpolating from a standard

curve of known concentrations (Appendix).

2.9 BrdU cell proliferation assay

Cells were seeded at a dilution of 5 x 10° cells per well in appropriate maintenance medium in
96 well plates and allowed to adhere for a minimum of 6hr. They were then serum starved
(media containing 0.5% FCS) overnight. The following day they were incubated with 100ul of
ACM or the required treatment for a period of 24 hr and cell proliferation was assessed using
BrdU (5-bromo-2’- deoxyuridine) cell proliferation ELISA (Roche Diagnostics Ltd., Sussex, UK).
The pyrimidine analogue BrdU is incorporated in the place of thymine in the newly synthesised
DNA of proliferating cells, and is bound by the BrdU anti-POD antibody. The antibody

complexes are then detected by a subsequent substrate reaction.

BrdU label (1/1000 dilution in appropriate cell culture media) was added to each well (except
no BrdU label control) for 3 hr at 37°C, following which the media was tapped and flicked off.

Cells were fixed by adding 200ul of fixative solution (Roche Diagnostics Ltd., Sussex, UK) for 30
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min at room temperature. 100ul anti BrdU-POD (mouse monoclonal antibody, peroxidase
conjugated) was added to each well and the plate was incubated for 90 min at room
temperature. Cells were then washed in PBS and 100l of substrate solution was addec to
each well. The plate was incubated at room temperature for 5-10 min or until colour
development was sufficient for photometric detection. 25ul H,SO4 was then added to stop the
reaction and the plate absorbance was read at 450nm on an Alpha Fluor Plus
spectrophotometer (Tescan Trading AG, Switzerland). Wells containing cells but no BrdU lzbel
were used to subtract back ground absorbances and percentage increase/ decrease in

proliferation was calculated relative to untreated cells.

2.10 Cell Invasion Assay

Migration assays were carried out using the QCM well Cell Invasion assay (Miilipore, Watford,
UK). This assay is performed in a 96 well plate, each well containing a chamber lined with an
8um pore size polycarbonate membrane. The membrane pores are occluded by a thin coating
of extra cellular matrix (ECM), blocking non invasive cells from moving through. Cells with
invasive properties, on the other hand, can move through the ECM layer and porous
membrane and cling to the bottom of the chamber. These invasive cells are dislodged

following incubation in detachment buffer, lysed and detected with a fluorescent dye.

The assay was performed in a Grade Il laminar hood. 100ul of prewarmed serum free media
was added to the chambers of the invasion assay and incubated at room temperature for 90
min to rehydrate the ECM. Adipose conditioned media for viscerally obese male oesophageal
adenocarcinoma patients, and control M199 media, was place in the feeder wells beneath the
chambers in triplicate. Cells were grown to 70% confluency and serum starved (media
containing 0.5% FCS) overnight. They were then trypsinised and seeded at a dilution of 1 x 10°
cells per chamber. Following an incubation period of 24 hr at 37<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>