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Summary 

 

Gastrointestinal reflux disease can lead to the development of Barrett’s oesophagus 

(conversion of oesophageal squamous epithelium to columnar epithelium with 

intestinal metaplasia) and oesophageal adenocarcinoma. However, the molecular 

mechanisms driving the reflux-Barrett’s oesophagus-oesophageal adenocarcinoma 

sequence are not fully understood. MicroRNAs (miRNAs) are a class of small RNA 

molecules involved in almost every cellular process investigated.  

 

In this study quantitative assessment identified seven differentially expressed 

miRNAs in Barrett’s oesophagus compared with squamous epithelium including: 

increased expression of miR-21, miR-143, miR-145, miR-194, miR-215 and 

decreased expression of miR-203 and miR-205. miR-143, miR-145 and miR-205 

were also increased in gastroesophageal reflux disease. MiR-143, miR-145 and miR-

215 were decreased in oesophageal adenocarcinoma.  

 

Gastroesophageal reflux disease: Unravelling roles for miRNAs in the oesophagus 

 

Subsequent studies were performed to explore the biological consequences of these 

changes in miRNA expression. Investigation of increased miR-143, miR-145 and 

miR-205 levels in an oesophageal squamous cell line identified these miRNAs can 

regulate proliferation and apoptosis. We therefore hypothesized that these miRNAs 

might act as regulators of oesophageal epithelial restitution in response to reflux. 

Investigation of miRNA and mRNA expression in tissues identified correlations 

between miR-143 and both BMP4, a key promoter of columnar specific gene 

expression and CK8, a marker of a columnar phenotype. This data is consistent with 

a possible role for miRNA expression in development of Barrett’s oesophagus.  

 

Tumour suppressor miRNAs in oesophageal adenocarcinoma 

 

Studies using an oesophageal adenocarcinoma cell line revealed that decreased miR-

143, miR-145 and miR-215 expression likely contributes to a reduction in 

proliferative and apoptotic control in this cancer. Further, this reduction is likely 
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mediated by a number of miRNA directed changes in gene expression. In-situ 

hybridisation identified localisation of these miRNAs to the crypts within the 

Barrett’s oesophagus epithelium. Dysplasia is thought to originate from the crypts of 

the Barrett’s oesophagus epithelium, so we hypothesized that miR-143, miR-145 and 

miR-215 play a role in regulating proliferation and apoptosis in these crypts, with 

decreased expression promoting the development cancer development in these areas. 

 

The miR-200 family: Involvement in Barrett’s oesophagus and oesophageal 

adenocarcinoma 

 

Decreased expression of miR-141 and miR-200c, members of the miR-200 family 

was found to distinguish Barrett’s oesophagus from related gastric and intestinal 

epithelia. Bioinformatic analysis provided computational evidence that this 

decreased miRNA expression might contribute to the abnormal proliferative and 

apoptotic status of Barrett’s oesophagus epithelium.  

 

We observed decreased expression of the miR-200 family (miR-141, miR-200a, 

miR-200b, miR-200c and miR-429) and increased expression of ZEB1 and ZEB2 in 

oesophageal adenocarcinoma. The miR-200 family regulates the epithelial to 

mesenchymal transition, a key process in tumour metastasis, by targeting the 

transcription factors ZEB1 and ZEB2. These results provided the first evidence 

implicating miRNAs in the epithelial to mesenchymal transition in oesophageal 

adenocarcinoma.  

 

Moving forward 

 

This study provides an exciting platform to build from, especially for further 

investigating a miRNA mechanism for the development of both Barrett’s oesophagus 

and oesophageal adenocarcinoma. In addition, this study provides preliminary 

support for the development of miRNA based tools for (1) assessing the efficacy of 

reflux control, (2) classifying patients at risk of developing Barrett’s oesophagus and 

oesophageal adenocarcinoma, and (3) therapies targeted towards modulating miRNA 

expression to reduce oesophageal adenocarcinoma tumour growth. 
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Chapter 1 

Introduction 

Gastrointestinal reflux disease is a common condition that can lead to the 

development of Barrett’s oesophagus and oesophageal adenocarcinoma. However, 

the molecular mechanisms driving the reflux-Barrett’s-oesophageal adenocarcinoma 

sequence are not fully understood. microRNAs (miRNAs) are a class of small RNA 

molecules involved in almost every cellular process investigated. miRNAs are often 

referred to as master regulators for their ability to regulate hundreds of different 

genes. Altered miRNA expression has been linked with key cellular processes known 

to be aberrantly regulated or dysfunctional in patients with reflux, Barrett’s 

oesophagus and oesophageal adenocarcinoma.  

 

The role of miRNAs in the reflux-Barrett’s-oesophageal adenocarcinoma sequence is 

not clear. As specific miRNA contributions to cellular processes and disease 

pathologies are unravelled we can expect the identification of new targets for 

therapeutic intervention leading to increased efficacy in patient care. This thesis aims 

to identify changes in miRNA expression across the reflux-Barrett’s-oesophageal 

adenocarcinoma sequence and investigate how these miRNA changes may contribute 

to aberrant regulation of cellular processes, pathological development and disease 

progression.   

 

This chapter provides an introduction to gastrointestinal pathologies including 

chronic reflux disease, Barrett’s oesophagus and oesophageal adenocarcinoma. It 

also introduces miRNAs and their role as both crucial mediators of numerous cellular 

processes and biomarkers of specific tissues in greater detail.  



1.1 The Oesophagus 
 

The oesophagus acts as a transport mechanism from the pharynx to the stomach. It 

consists of a muscular tube stretching approximately 20cm in length, beginning at 

the cricoid cartilage and extending caudally behind the heart to join the cardia of the 

stomach, forming the gastroesophageal junction1 (Figure 1.1).  

 

Figure 1.1: Identifies the key features of the upper gastrointestinal tract including 

the oesophagus, gastroesophageal junction and stomach. Surrounding visceral organs 

are also labelled.    

 

(Reproduced from: The society of thoracic surgeons, 2010)2 

1.1.1 The oesophageal mucosa 
 

In adults, a mucous membrane lines the surface of the oesophagus.  The mucosal 

lining is comprised of a stratified squamous epithelium that is continually 

invaginated by mucosal glands (Figure 1.2A). These mucosal glands project into the 

mucosa or submucosa, acting to secrete mucus to line the oesophagus. The squamous 

epithelium lining the luminal surface is comprised of terminally differentiated cells 

that are non-keratinizing, and posses an elongated, flat morphology. Beneath the 



basal mucosal boundary there is an additional layer known as the lamina propria, 

consisting mainly of connective tissue. Invaginations in the lamina propria produce 

papillary structures that project perpendicular to the luminal surface. These 

invaginations tend to occur more frequently in the distal oesophagus forming linear 

rows of protrusions into the epithelium3.  

 

The squamous lining of the oesophagus undergoes continual renewal as epithelial 

cells break away over time. This regeneration is provided from the basal layer of the 

oesophageal mucosa4. The basal mucosal layer is separated into sections created by 

papillae from the lamina propria. These include the interpapillary basal layer (IPL) 

and the papillary basal layer (PBL)4 (Figure 1.2B). For epithelium renewal, cell 

division is confined to the basal and epi-basal layers of the mucosa. The IPL is 

hypothesised to be lined with infrequently dividing stem cells5. Cell division at the 

IPL can have two possible outcomes. Firstly cell division can result in the production 

of a migratory daughter cell and a replacement cell at the basement layer. The 

migratory daughter cell enters the epi-basal layer and undergoes several rounds of 

cell division on its path to the luminal surface. Before reaching the surface, this 

daughter cell undergoes terminal squamous differentiation. Alternatively, cells from 

the IPL can produce two daughter cells that remain on the basement membrane. This 

option occurs with less frequency but is thought to replenish cells on the PBL, 

pushing cells sideways along the basal surface5 (Figure 1.2B). The division of cells 

lining the PBL contributes to maintaining an oesophageal epithelium and these cells 

divide at a rate 4 times faster than cells lining the IPL4.  



Figure 1.2: (A) Shows an H&E stain of a section of the oesophagus. SSE marks the 

stratified squamous epithelium consisting of fully differentiated squamous cells that 

is continually invaginated by papillae. LP marks the lamina propria and MM marks 

the muscularis mucosa. (B) Represents the different cellular layers of the 

oesophageal epithelium. Yellow marks the differentiated cell layer, consisting of 

fully differentiated squamous cells. Grey, marks the regenerative epi-basal zone, 

cells from this region undergo squamous differentiation and renew the oesophageal 

epithelium. The green papillary basal layer (PBL) and red intra-papillary basal layer 

(IBL) are thought to be oesophageal stem cells that divide to either replenish cell 

numbers in the epi-basal layer or increase cell numbers at the basal layer.  
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(Reproductions from: Pistorio 20076, Seery J, 20024) 

 

1.2 Diseases of the oesophagus: The reflux-Barrett’s-
adenocarcinoma sequence 

1.2.1 Gastroesophageal reflux disease 
 

Gastroesophageal reflux disease is a chronic condition affecting up to 50% of 

Western populations7, with 30% suffering from at least one reflux episode per 

month8. Chronic gastroesophageal reflux disease results from continual oesophageal 

exposure to excessive quantities of gastric (acid) and/or duodenal (bile) contents and 

generally occurs due to transient relaxation of the lower oesophageal sphincter8. 

While intestinal physiology offers protection from acid and bile, the oesophageal 



lumen remains largely unprotected from reflux as it lacks a viscous adherent mucous 

barrier9. Intracellular production and blood vessel mediated intercellular supply of 

bicarbonate acts to buffer temporary acidosis10 (Figure 1.3), however, these 

mechanisms fail to cope with continual reflux exposure and as a result the 

oesophageal epithelium becomes damaged.  

 

Figure 1.3: Hydrogen ions from noxious acidic content must penetrate through three 

defensive layers. Firstly, the pre-epithelial defence mechanism involves mucous 

secretion attempting to block or reduce exposure of epithelial cells to damaging 

acidic content. Secondly, epithelial defence involves an intracellular bicarbonate 

buffering system to combat acidosis where carbon dioxide and water react to produce 

bicarbonate ions; these ions take up free hydrogen ions and increase pH. Thirdly, 

once the noxious acid penetrates the epithelial defence it breaks down tight junctions 

and then penetrates deeper into the oesophagus where post-epithelial defence 

mechanisms release bicarbonate ions from the blood stream to assist in the uptake of 

free hydrogen ions.   

 

(Reproduced from: Yoshida, 200710) 

 

Oesophageal damage caused by reflux exposure occurs on two fronts. Firstly, there is 

rapid lymphocytic infiltration in the sub mucosal layer that progresses to the mucosal 



layer of the oesophagus11. Neutrophil infiltration then follows some time after. The 

initial inflammatory response is thought to signal cytokine release from squamous 

cells in the oesophageal mucosa attracting immune cells, leading to epithelial 

damage11. Secondly, at the luminal surface, refluxate exposure causes squamous 

cells to slough from the epithelium, as well as tight junction destruction, allowing 

noxious contents to penetrate deeper into the oesophageal epithelium12, 13. Both the 

acid and bile components of reflux likely play a role in gastroesophageal reflux 

disease pathogenesis and progression to other pathologies14. Gastric acid exposure 

alone is linked with neoplastic development as it leads to intracellular acidification, 

DNA hydrolysis and genomic instability14, 15. Bile constituents are also linked with 

neoplastic development as they can induce cellular proliferation16, a major hallmark 

of chronic gastroesophageal reflux disease17. Increased cellular proliferation in the 

oesophageal epithelium is observed as basal cell hyperplasia18 and this occurs to 

replenish the oesophageal epithelium. Bile constituents can also induce reactive 

oxygen species production, a process significant because of its association with 

increased DNA damage and therefore increased potential for cancer development15, 

19. Increased apoptosis is also observed in gastroesophageal reflux disease and is 

likely caused by the increase in both genomic instability and DNA damage caused by 

acid and bile20.  

 

Clinically, reflux induced, epithelial cell damage presents macroscopically as an 

ulcerated oesophageal mucosa. In most cases ulcerated mucosae can heal via 

replacement with additional squamous cells. In some cases, more serious 

complications such as Barrett’s oesophagus or oesophageal adenocarcinoma can 

arise.  

 

1.2.2 Defining Barrett’s oesophagus 
 

Barrett’s oesophagus is characterised by the replacement of the normal, stratified 

squamous, oesophageal epithelium with a metaplastic, columnar epithelium (Figure 

1.4). The development of Barrett’s oesophagus is described as metaplastic, as it 

involves the reversible replacement of one differentiated cell type with another 

differentiated cell type. Histological features include a glandular phenotype with the 



presence of mucin secreting goblet cells (Figure 1.5). Barrett’s oesophagus 

metaplasia is probably an adaptive response to the insult from exposure of the 

oesophageal epithelium to gastric acid and/or duodenal bile salts21. The Barrett’s 

oesophagus epithelium possesses secretory and absorptive cell types, and these 

closely resemble those found in normal gastric and intestinal epithelia22, 23. However, 

the epithelium of Barrett’s oesophagus has a molecular profile that distinguishes it 

from oesophageal, gastric and duodenal epithelia24. The gastric and intestinal 

features of Barrett’s oesophagus likely allow the epithelium to resist noxious acid 

and bile exposure better than the normal oesophageal epithelium21, 25. For example, 

the Barrett’s epithelium secretes heavily glycosylated, gel forming proteins called 

mucins that form a major component of a continuous protective mucous layer21, 25. 

The Barrett’s epithelium also produces proteins thought to provide improved reflux 

resistance by increasing early stage mucosal healing and repair capabilities and 

decreasing reflux permeability through alternate extracellular matrix and tight 

junction formation21, 25. Also, patients with Barrett’s oesophagus usually have 

diminished reflux symptoms26. However, Barrett’s oesophagus is not completely 

resistant to acid and bile induced DNA damage as bile and acid exposure has been 

shown to increase DNA damage in Barrett’s oesophagus biopsies and cells through 

increased intracellular acidification and reactive oxygen species production14.  



Figure 1.4: (a) depicts the normal, squamous, oesophageal epithelium. (b) depicts 

the metaplastic Barrett’s oesophagus epithelium. Key changes to differentiation 

features compared with (a) include the presence of a columnar phenotype with goblet 

cells (intestinal metaplasia). There is also a marked increase in the number of 

inflammatory cells.   

 (Reproduced from: Wild & Hardie, 200327) 



Figure 1.5: Depicts a H&E stain of a section of Barrett’s oesophagus. Mucous 

secreting, columnar cells as well as intestinal goblet cells are present. The lamina 

propria is circled to highlight the dense infiltrate of inflammatory cells.  

 

(Reproduced from: Ozode, R 200828) 

1.2.3 Models for the Pathogenesis of Barrett’s oesophagus 
 

 Current Hypotheses 

  

The origin of the characteristic columnar epithelium with intestinal metaplasia of 

Barrett’s oesophagus is unknown. Barrett’s oesophagus was initially hypothesised to 

form when columnar cells from the proximal stomach migrated into the oesophagus 

to repair the reflux-damaged, oesophageal epithelium29. This hypothesis is no longer 

supported; firstly, it does not account for the presence of intestinal metaplasia (goblet 

cells), and secondly, studies show cases where the Barrett’s oesophagus epithelium is 

not connected to the gastroesophageal junction30. Currently, there are two main 

hypotheses for the formation of Barrett’s oesophagus. The first hypothesis involves 

trans-differentiation of mature squamous, oesophageal cells into columnar cells. The 

second hypothesis involves altered differentiation of oesophageal stem cells12, 29, 

with alternate differentiation driven either by reflux exposure or, stromal based 

signals directing oesophageal stem cells towards columnar, epithelial differentiation 

and/or intestinal metaplasia31-33. In addition to these two main hypotheses, there is 



some very preliminary evidence to suggest that stromal cells may undergo 

mesenchymal to epithelial transition, followed by differentiation to a columnar cell 

phenotype in the oesophagus12, 34.  

 

 

Hypothesis 1: Barrett’s oesophagus development; trans-differentiation of 

mature squamous cells into columnar cells with intestinal metaplasia  

 

Trans-differentiation involves a change from one differentiated cell type to another, 

occurring as metaplasia, resulting in a change in cell fate or a switch in phenotype35.  

Support for the trans-differentiation hypothesis for Barrett’s oesophagus 

development considers how the normal oesophagus develops and how a reversal of 

this developmental mechanism may allow for the pathogenesis of Barrett’s 

oesophagus.  

 

The oesophagus begins to form during week four of embryonic development, with 

the formation of the foregut36. However, it is not until week five that the foregut can 

be visually divided into oesophagus, stomach and duodenum37. Development of the 

oesophageal lumen begins in developmental weeks seven and eight, when the 

epithelium begins to proliferate. By week ten the lumen is enclosed and lined with a 

ciliated columnar epithelium36, 38, 39. It is not until the fourth month of gestation that a 

columnar-squamous transition is observed as the ciliated columnar epithelium begins 

to be replaced by a squamous epithelium. This transition does not remove all 

columnar cells, residual islands of columnar epithelia remain, and these give rise to 

oesophageal glands36.  

 

The columnar-squamous transition that occurs in the developing oesophagus is 

thought to arise via a trans-differentiation event, as it is not dependent on cell 

division. In addition, some epithelial cells express both squamous and columnar 

markers during the transition period40. Although these two criteria are not 

requirements for trans-differentiation, they do suggest that the epithelium is not 

being replaced with new epigenetically distinct cells and highlight the 

interchangeable differentiation profile of oesophageal cells.  

 



Hypothesis 1 suggests that a reversal of normal, oesophageal developmental 

mechanisms may occur in the formation of Barrett’s oesophagus. In this scenario, a 

squamous-columnar transition would be observed, leading to the development of a 

columnar epithelium with intestinal metaplasia in the squamous lined oesophagus 

(Figure 1.6). Recent studies support trans-differentiation, showing that exposure of 

oesophageal organ cultures to retinoic acid leads to columnar differentiation 

independent of cell proliferation12. Retinoic acid is a powerful differentiation agent, 

and it is interesting that nuclear retinoic acid receptors can be actively bound by a 

component of bile called lithocholic acid41. This points to a possible reflux 

associated, bile acid induced mechanism for trans-differentiation of squamous to 

columnar cells, as occurs in Barrett’s oesophagus development. 

 

Figure 1.6: Hypothesis one; trans-differentiation of post mitotic mature, squamous 

cells. Normal squamous cells of the oesophageal epithelium in the presence of a 

reflux mediated stimulus transdifferentiate from a squamous cell phenotype to a 

columnar cell phenotype. This trans-differentiation event leads to the development of 

a columnar cell population inside the normal population of squamous cells.  
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Hypothesis 2: Barrett’s oesophagus development; alternate differentiation of 

oesophageal stem cells 

 

The hypothesis of altered stem cell differentiation giving rise to Barrett’s oesophagus 

concerns undifferentiated stem cells located in either the basal layer of the 

oesophageal mucosal epithelium or in oesophageal sub-mucosal glands5, 42. It is 

hypothesized that stem cells of the oesophageal epithelium, in response to specific 

direct or indirect stimuli have the ability to differentiate into either squamous or 

columnar/intestinal phenotypes, with a squamous differentiation program occurring 

in the oesophagus, under normal conditions (Figure 1.7). Stimuli hypothesised to 

direct stem cell differentiation from a squamous, to a columnar phenotype with 

intestinal metaplasia vary. However, as gastroesophageal reflux disease is the 

underlying precursor pathology associated with the development of a columnar 

epithelium with intestinal metaplasia (Barrett’s oesophagus), it is likely that this 

pathology provides the stimuli to drive columnar differentiation and intestinal 

metaplasia in the oesophagus.  

 

Prolonged reflux exposure can lead to epithelial injury and the development of 

erosive oesophagitis. Studies show this reflux induced epithelial injury allows 

damaging refluxate to penetrate deep into the oesophagus exposing basal and sub-

mucosal gland stem cells43. As reflux exposure to the oesophageal epithelium has 

been shown to increase the expression of a number of genes known to direct gastric 

and intestinal differentiation (See key genes in Barrett’s pathogenesis, discussed 

below) gastroesophageal reflux exposure to oesophageal stem cells could directly 

stimulate alternate differentiation of these stem cells, leading to the development of a 

columnar cell with intestinal metaplasia in the squamous oesophageal epithelium. 

Alternativley, recent evidence suggests that reflux induced epithelial damage might 

make way for the colonisation of the basal layer by residual embryonic cell 

populations capable of differentiating into metaplastic columnar cells33.  

 

Also, preliminary evidence suggests that signals arising from the stroma of the 

oesophageal epithelium could act on oesophageal stem cells to promote columnar 

and intestinal differentiation. For example, reflux leads to the development of a pro-

inflammatory or ‘reactive stroma’ where increases in cytokines and other regulatory 



signals implicated in gastric and/or intestinal differentiation could assist in directing 

the columnar differentiation of oesophageal stem cells. For example, acid and bile 

has been shown to increase stromal bone morphogenic protein 4 (BMP4) expression 

in vivo (See discussion of BMP4 below), with this increased stromal BMP4 

expression directing intestinal type changes in the oesophageal epithelium31. 

Although there is preliminary evidence that stromal signals may have a role to play 

in initiating a columnar/ intestinal phenotype in the oesophagus there is no direct 

evidence showing stromal signals acting on oesophageal stem cells.  

 

 

Figure 1.7: Hypothesis 2; alternate differentiation of oesophageal stem cells. Normal 

differentiation mechanisms are altered due to reflux mediated stimuli resulting in a 

change in the progenitor cell differentiation profile from a squamous to a columnar 

phenotype. 

 

      



For now, the debate over whether Barrett’s oesophagus arises from fully 

differentiated squamous cells or undifferentiated stem cells continues. Similar to the 

cell of origin, the genetic mechanisms that drive the pathogenesis of Barrett’s 

oesophagus are unknown. 

 

1.2.4 Key genes in Barrett’s Pathogenesis  
 

Candidate genes thought to play crucial roles in the development of Barrett’s 

oesophagus include caudal type homeobox 2 (CDX2), HNF1 homeobox A (HNF1a), 

BMP4, nuclear factor kappa-beta (NFKB), and GATA binding protein 4 (GATA4).  

All of these genes are induced in Barrett’s oesophagus compared with normal 

squamous epithelia44-46. However, it appears individual changes in the expression of 

these genes is not sufficient to drive the development of Barrett’s oesophagus, 

suggesting a multi-step differentiation process47, 48. Although there are many studies 

linking these genes with gastric and intestinal development their mechanistic 

involvement in the development of Barrett’s oesophagus remains speculative.  

 

Studies in developmental biology highlight the importance of CDX2, HNF1a and 

GATA4 in the development of Barrett’s oesophagus. CDX2, HNF1a and GATA4 are 

all transcription factors that localise to the nucleus and control the expression of 

numerous gastric and intestinal specific genes. Expression of CDX2 is crucial for 

normal intestinal development. CDX2 null mice are embryonic lethal and 

heterozygous CDX2 mice develop intestinal polyps containing squamous, gastric and 

parietal cell mixtures49, 50. HNF1a is required for normal gastric development as 

knockout mice show defective gastric differentiation51. GATA4 is important for both 

gastric and intestinal development52, 53.  Recent evidence suggests that these 

transcription factors work cooperatively in inducing intestinal differentiation, with 

CDX2 and HNF1a thought to induce genes required for intestinal differentiation and 

GATA4 thought to induce morphological changes54. In a study by Benoit et al.54 an 

undifferentiated human intestinal crypt cell line was used. Individual ectopic 

expression of CDX2 or HNF1a was shown to reduce cell proliferation through cyclin 

D1 and p27 and induce expression of the late stage intestinal enterocyte 

differentiation marker sucrase-isomaltase55. Also, ectopic expression of HNF1a and 



GATA4 induced cell polarisation and microvilli formation. These studies highlight 

that different features of fully differentiated intestinal epithelial cells are induced by 

different combinations of transcription factors, and that individual changes to these 

transcription factors is not sufficient for complete intestinal differentiation. This is in 

keeping with the multiple genetic changes hypothesised to be required for the 

development of Barrett’s oesophagus.  

 

Direct or indirect responses to reflux have the ability to induce the expression of 

CDX2 and GATA4, while studies have not addressed the impact of reflux on HNF1a 

induction. Direct receptor interaction of the bile constituent lithocholic acid with 

retinoic acid receptor X (RARX) leads to the transcription of CDX212. Also, indirect 

gene induction in response to reflux could occur through NFKB or BMP4. NFKB is a 

transcription factor that can induce CDX2 expression56 and BMP4 is a growth factor 

that can induce GATA4 and CDX2 expression56-58. Both NFKB and BMP4 are 

expressed as a result of the pro-inflammatory phenotype that develops in response to 

continual reflux exposure59, 60.  

 

Taken together these studies support a hypothetical model where the oesophagus, in 

response to gastroesophageal reflux may initiate an inflammatory response where 

BMP4 and NFKB expression levels are elevated. Chemical components of reflux 

and/or bile, BMP4, NFKB and other reflux induced genes could then act on the 

Barrett’s cell of origin to increase the levels of CDX2, GATA4 and HNF1a. Increased 

CDX2, GATA4 and HNF1a levels could then act cooperatively to initiate intestinal 

and gastric differentiation and drive morphological change leading to the 

development of a columnar phenotype with intestinal metaplasia.  

 

1.2.5 Barrett’s oesophagus and oesophageal adenocarcinoma 
 

The metaplasia to Barrett’s oesophagus may be of benefit in resisting damage from 

reflux. However, the molecular profile of the Barrett’s oesophagus epithelium is 

considered premalignant as it can progress through varying grades of dysplasia to 

oesophageal adenocarcinoma. 

 



 

Dysplasia in Barrett’s oesophagus is categorised as either low or high-grade 

dysplasia. A low grade dysplasia diagnosis generally includes the atypical presence 

of enlarged, crowded, hyperchromatic, stratified nuclei as well as increased atypical 

mitosis and nucleoli 61, 62 (Table 1.1). Dysplastic cells can also show reduced mucin 

levels and goblet cell numbers as well as an increased nuclear to cytoplasmic ratio62 

(Table 1.1). Progression to a diagnosis of high-grade dysplasia or non-invasive 

adenocarcinoma generally results from a marked increase in the prevalence of 

abnormalities described above. Also, an increase in architectural complexity such as 

marked crowding of crypts, crypt budding or crypt branching is seen in high-grade 

dysplasia62 (Table 1.1).  

 

Table 1.1: Cytological and architectural hallmarks of dysplasia in Barrett’s 

oesophagus. 

 

 

(Reproduced from: Odze, RD 200662) 



Due to the large number of characteristics that are considered for the diagnosis of 

dysplasia there is a significant amount of variability in diagnosis amongst 

pathologists62, 63. This is particularly true for diagnosing and differentiating low 

grade dysplasia from tissue regeneration in Barrett’s epithelium62, 64. In order to 

reduce the variability seen amongst pathologists, effective tissue biomarkers are 

required to assist in confirming a diagnosis. Some preliminary evidence suggests that 

miR-196a may be an effective classifier of low and high-grade dysplasia65 in 

Barrett’s oesophagus, however further work is required to conclusively prove this.  

 

The cancer risk associated with Barrett’s oesophagus and dysplasia has lead to the 

development of different treatment regimes66. As acid reflux is thought to play a 

major role in the development of oesophageal adenocarcinoma treatment, regimes 

generally prioritise the control of reflux using medication or anti-reflux surgery67. 

Treatment offered for Barrett’s oesophagus and low grade dysplasia can include 

either endoscopic surveillance with mucosal biopsy or ablation of the columnar 

mucosa to allow the regeneration of a new ‘neo-squamous’ epithelium66. Many 

forms of ablation are available but all share a similar concept, releasing a controlled, 

high energy emission to destroy the columnar lined epithelium in the oesophagus68.   

Treatment offered for high-grade dysplasia can include 1) ablation, 2) endoscopic 

mucosal resection, where an endoscope attachment is used to excise regions thought 

to be neoplastic or 3) oesophagectomy, where the entire neoplastic segment of the 

oesophagus is removed and a remaining, healthy oesophagus is joined to the 

stomach69. The management of Barrett’s oesophagus and dysplasia is heavily 

debated. This debate stems from the varied cost, level of invasiveness associated 

with each treatment, treatment prognosis and complications as well as risk for future 

development of high-grade dysplasia or adenocarcinoma66, 68, 70. While the 

management of Barrett’s oesophagus is debated, the risk for oesophageal 

adenocarcinoma development means there is great interest in understanding the 

mechanisms driving progression of Barrett’s oesophagus to oesophageal 

adenocarcinoma.  

 

Oesophageal adenocarcinoma is a malignancy with extremely poor prognosis. The 

five-year mortality rate of this cancer exceeds 80%71, 72. The poor prognosis of 

oesophageal adenocarcinoma can be attributed to its common diagnosis as a late 



stage metastatic tumour. The lack of patient symptoms and appropriate diagnostic 

markers probably contribute to the high mortality rate. Furthermore, an alarming 

trend is emerging with an increase in the prevalence of oesophageal adenocarcinoma 

being observed in Western countries72, 73. Studies show the rate of increase in 

oesophageal adenocarcinoma diagnosis is exceeding that of all other solid tumours 

(Figure 1.8)74. While the number of oesophageal adenocarcinoma’s being diagnosed 

is still significantly lower than more frequently diagnosed cancers, such as colon and 

breast cancer, it is clear that increased oesophageal adenocarcinoma incidence will 

be placing additional pressure on the health care system in the future.  

 

Figure 1.8: The rate of oesophageal adenocarcinoma diagnosis is increasing faster 

than that of any other solid tumour. 

 

(Reproduced from: Pohl & Welch 200574) 

 

Interestingly, with early diagnosis five-year survival rates for oesophageal 

adenocarcinoma exceed 90% thus highlighting the importance of early detection 

mechanisms75. The only identifiable pre-cursor to oesophageal adenocarcinoma is 

Barrett’s oesophagus. Therefore, Barrett’s oesophagus has been under the spotlight, 

with researchers looking to this precursor legion to identify either the mechanisms 

driving adenocarcinoma development or potential biomarkers for early diagnosis.  

 

However, the rate of progression from Barrett’s oesophagus to oesophageal 

adenocarcinoma is quite low. A Dutch longitudinal study of 42,207 patients with 



Barrett’s oesophagus identified a cumulative risk of 0.4% per annum76, while, a UK 

based, longitudinal study identified an overall risk of 4.1%77. Furthermore, an 

increased risk of Barrett’s oesophagus progressing to adenocarcinoma is asscoiated 

with males, individuals with uncontrolled gastroesophageal reflux disease, and 

individuals who are obese or smokers78. However, not all oesophageal 

adenocarcinoma patients are diagnosed with Barrett’s oesophagus. Regardless of 

these statistics, great interest surrounds the identification of early molecular changes 

that contribute to the pathogenesis of Barrett’s oesophagus, as these may present 

opportunities for therapeutic development, or new strategies for the prevention or 

early diagnosis of oesophageal adenocarcinoma. They might also be useful for risk 

stratification and therefore decision making on patient surveillance. Of particular 

interest is a class of molecules known as microRNAs, and the potential roles they 

may play in the development of Barrett’s oesophagus and adenocarcinoma. miRNAs 

are ~22 nucleotide long, non-coding segments of RNA that act to regulate gene 

expression79.   

 

1.3 MicroRNAs  
 

Since the initial discovery of miRNAs in Caenorhabditis elegans in 1993 an 

enormous body of research has been published, implicating miRNAs in almost every 

cellular process investigated79, 80. These small RNA molecules use complementary 

base pairing to target and inhibit expression of specific genes80. Each miRNA has the 

ability to repress the expression of numerous genes and therefore miRNAs are often 

referred to as master regulators of gene networks81. Investigation of miRNA 

involvement in the regulation of cellular processes, as well as differentiation, 

highlights the importance of these molecules in maintaining normal cellular function 

with loss of expression leading to abnormal regulation of cellular processes, poor 

differentiation or neoplastic development82.  

 

 

 

 



1.3.1  Mammalian miRNA biogenesis  
     

 The nucleus 

 

miRNAs are within non-coding RNA, or within introns of protein coding genes83. 

miRNA biogenesis begins with primary miRNAs (pri-miRs, inactive form), which 

are either transcribed by RNA polymerase II or RNA polymerase III, or excised from 

portions of intronic sequence contained in precursor mRNA molecules84-86. Pri-miRs 

are processed in the nucleus by Drosha, an RNaseIII enzyme that complexes with the 

RNA binding domain protein DGCR8 to cleave out a 60-100nt hairpin section from 

the pri-miR sequence (pre-miR) 83, 87. Pre-miR hairpins then complex with exportin-5 

and Ran-GTP for export from the nucleus to the cytoplasm84, 85, 88.  

 

 The cytoplasm 

 

In the cytoplasm, the RNaseIII enzyme Dicer, in coordination with the trans-

activation-responsive RNA-binding protein (TRBP) cleaves the pre-miR hairpin to 

produce a 22nt double stranded complex, comprised of the mature miRNA guide 

strand and a miRNA* passenger strand83, 89. The mature miRNA strand is determined 

by thermodynamic asymmetry and this concept acts to allow cytoplasmic 

accumulation of only the mature miRNA guide strand90. In short, the asymmetry rule 

states that the 5’ end of the mature miRNA guide strand is located at the end of the 

duplex that has the lowest thermodynamic energy90. The miRNA guide strand 

complexes with miRNA-containing ribonucleo-protein particles (miRNPs) forming 

an RNA induced silencing complex (RISC), while the passenger strand is usually 

degraded91. At the core of miRNPs are the highly conserved argonaute proteins. Here 

a single mature miRNA guide strand complexes with an argonaute protein92. There 

are four different human argonaute proteins (Argonaute 1-4), however only 

argonaute 2 has the ability to cleave mRNA with its ‘slicer’ activity93. Although the 

selection criteria for miRNA-argonaute pairing is unknown recent deep sequencing 

suggests that most miRNAs associate with Argonaute 1-3 in relatively even 

quantities94. Following assembly of the miRNP, the miRNA directs targeting of 

mRNA transcripts through base pairing, acting to repress translation83. Mammalian 

miRNA biogenesis is summarised in Figure 1.9.  



Figure 1.9: Shows the basic stages of miRNA biogenesis. Biogenesis begins in the 

nucleus where pri-miRNAs are transcribed. Pri-miRNAs then fold and are cleaved 

by DROSHA to form a stem loop pre-miR. The pre-miRNA exits the nucleus and 

enters the cytoplasm via exportin 5. The pre-miRNA is processed in the cytoplasm 

by DICER producing a double stranded molecule. The mature RNA strand then 

complexes with miRNPs to produce a RISC complex. The risk complex then targets 

mRNA transcripts to inhibit translation.  

 

(Reproduced from: Davis & Hata, 200995) 

 

 miRNA targeting  

 

Mammalian miRNAs target mRNA transcripts for translational repression based on 

their seed sequence. The seed sequence of a miRNA includes nucleotides 2-8 at the 

5’ end90. Complementarity between the miRNA seed sequence and regions of the 

mRNA transcript’s non-coding 3’ untranslated region or coding 5’ region is required 

for translational repression96. The extent of the seed sequence-target 

complementarity determines the mechanism of translational repression. Perfect 

complementarity inhibits translation by directing transcript cleavage, an event more 



common in plants than in mammals97, 98. Imperfect complementarity is thought to 

direct translational inhibition by blocking access to translational machinery or 

directing the target mRNA to cytoplasmic processing bodies where mRNA 

degradation occurs via de-adenylation and de-capping81, 99, 100. Both the degradation 

and direct translational inhibition mechanisms can cause detectable decreases in 

mRNA levels and act to repress protein levels101.   

 

1.3.2 Regulation of miRNA expression 
 

miRNA expression needs to be tightly regulated as aberrant expression leads to 

dysfunctional control of cellular processes. For example, by knocking out Drosha or 

Dicer functionality, increased invasive capacity is observed in lung adenocarcinoma 

cells102 and increased tumour development is observed in a v-Ki-ras2 Kirsten rat 

sarcoma viral oncogene (KRAS) induced model of lung cancer102. Several studies 

have investigated the regulatory processes involved in maintaining tight regulation of 

miRNA biogenesis and these studies show regulation of miRNA biogenesis can 

occur through a number of mechanisms95.  

 

miRNAs are transcribed from genomic DNA by the same mechanism as protein 

coding genes. Therefore, standard mechanisms of epigenetic control that apply to 

mRNA transcription likely apply to miRNA transcription95. For example, numerous 

miRNAs have been shown to be repressed by methylation and this has been linked to 

cancer metastasis103. Further, histone de-acetylase inhibition has been shown to 

induce miRNA expression104.  

 

Control of miRNA biogenesis can be regulated in the nucleus as Drosha activity can 

be regulated by a number of mechanisms. For example, the dead-box RNA helicases 

p68 and p72 in cooperation with signal transducing Smad proteins have the ability to 

promote Drosha processing of specific miRNAs88, 105. Also, proteins have the ability 

to bind Drosha and increase miRNA abundance by increasing Drosha activity. For 

example the transcription factor p53 has the ability to bind Drosha and increase 

Drosha processing106. Interestingly, p53 expression is induced in response to DNA 

damage, acting to increase Drosha mediated pri-miRNA processing which results in 



increased mature miRNA expression. Also, p53 dysfunction has been shown to 

increase tumourigenesis through repression of miRNA expression106.  Mutations in 

p53 have been described in Barrett’s oesophagus and oesophageal 

adenocarcinoma107, however, it is not known if these mutations impact on miRNA 

biogenesis in these pathologies. Furthermore, the expression of Drosha requires tight 

regulation, as evidenced by the correlation between increased expression of Drosha 

with poor prognosis in oesophageal adenocarcinoma patients108.  

 

Regulation of Dicer activity and expression can also influence miRNA activity. For 

example mature levels of miR-143 and miR-145 are decreased in tumour tissues but 

pre-miR-143 and pre-miR-145 levels are unchanged indicating dysfunctional 

processing by Dicer109-111. Aberrant regulation of Dicer expression is linked with 

increased tumorigenesis. Reduced Dicer expression is observed in small-cell-lung 

cancer, correlating with poor patient prognosis112. Also, reduced Dicer expression 

enhances cell proliferation and invasion in an in vivo xenograph model of breast 

cancer113. 

 

1.3.3 miRNAs and cancer development  

 
Aberrant miRNA expression has been linked with the development and progression 

of almost all cancers studied to date. Through the use of miRNA array technology 

rapid advances in global miRNA profiling have mapped up and down-regulation of 

miRNAs in many tumours114. Key hallmarks of cancer include unrestricted growth, 

apoptotic resistance and immortalization, as well as the development of angiogenic, 

migratory and invasive capability82. Functional assessment of aberrant miRNA 

expression has implicated these molecules in regulating these key hallmarks of 

cancer115-117. Early miRNA studies identified miRNAs acting as both oncogenes (eg. 

miR-17-92 cluster) and tumour suppressors (eg let-7)118-120. Forced expression of the 

miR-17-92 cluster in mice leads to the accelerated development of B-cell 

lymphoma119. Also, the miR-17-92 cluster is over expressed in lung cancer, and this 

is associated with an increase in cellular proliferation119, 121. Let-7 acts as a tumour 

suppressor through suppression of Ras118, 120. In lung cancer decreased let-7 

expression results in increased cellular proliferation120. Also, increased let-7 



expression in vivo has been shown to inhibit lung cancer xenograft growth in mice122. 

More recent evidence shows aberrant miRNA expression can promote cancer 

development through numerous cellular processes. For example the miR-17-92 

polycistron paralogue, the miR-106b-25 polycistron acts as an oncogene in 

oesophageal adenocarcinoma. Increased expression of this polycistron in vitro causes 

increased proliferative capacity, apoptotic resistance and promotion of cell cycle 

progression115. In addition, miR-200a, one of the five miRNA members of the miR-

200 family has a validated role in regulating the epithelial to mesenchymal transition, 

a key process in tumour invasion and acts as a tumour suppressor in nasopharyngeal 

carcinoma with decreased expression leading to increases in cell growth, migration 

and invasion123. At the beginning of this doctoral study there were no reports of the 

functional roles of miRNAs in oesophageal adenocarcinoma. Given, the increasing 

evidence implicating miRNA in cancer development, there are a number of 

interesting questions regarding the role of miRNAs in oesophageal adenocarcinoma 

development and progression.   

 

1.3.4 miRNAs as biomarkers 
 

Biomarkers have the ability to classify specific biological states. The uses for 

biomarkers are quite broad as they can classify everything from response, to 

treatment regimes, to specific tissue phenotypes or disease states. A good biomarker 

should show strong, stable expression in the group it classifies, it should be easy to 

detect and its level of expression needs to be quantifiable. Expression of miRNAs 

satisfy all of these criteria and therefore these molecules are presenting as promising 

candidates for classifying a number of different tissue phenotypes and disease 

pathologies. Interestingly, miRNA profiling can be used to effectively classify 

different tumour types where mRNA profiling had failed124. This study by Lu et al. 

2005124, showed that while miRNA expression profiling could be used to classify 

poorly differentiated breast, colon, lung and ovary tumours, mRNA expression 

profiling was unsuccessful. 2-4% of cancer diagnoses are unable to identify the 

cellular origin of the tumour125. Accordingly, this study124 highlights the potential of 

miRNA biomarkers in providing additional diagnostic certainty by assisting in 

confirming the tumours tissue of origin. 



 

miRNA expression is often enriched in particular tissues and cell phenotypes. For 

example, miR-1 is enriched in muscle126 and miR-134 is expressed exclusively in the 

brain127. miRNAs have already proven to be useful biomarkers for tumour 

classification as well as predicting patient prognosis and therapeutic response128. 

Advances in the ability to profile different aspects of tumourigenesis have led to the 

rapid identification of differentially expressed miRNAs in cancer114. Different 

miRNA expression profiles are observed for normal and tumourigenic tissues114, 

where miRNA expression is generally down-regulated in tumour compared with 

normal samples124. Studies into miRNA expression in cancer have identified miRNA 

tumour profiles which can be used to classify different tumour subtypes124, 129, some 

of which are now commercially available for use as clinical diagnostics130. Studies 

have also constructed miRNA expression profiles that can identify tumour origin124. 

This is particularly useful in the classification of poorly differentiated tumours. 

 

There is promise for the clinical implementation of miRNA biomarkers in reflux 

pathology, Barrett’s oesophagus and oesophageal adenocarcinoma diagnosis. By 

identifying changes in miRNA expression we may have the ability to use miRNA 

expression patterns to assist in diagnosis and prognosis prediction in upper 

gastrointestinal pathologies124, 131.  

 

1.3.5 miRNA target prediction  
 

While the involvement of miRNAs in translational regulation has been studied 

extensively few mRNA targets of miRNAs have been validated experimentally. This 

is likely because of the lengthy target validation process132. In order to increase the 

throughput speed for miRNA target validation numerous target prediction algorithms 

have been established, predicting miRNA:mRNA interactions. These prediction 

algorithms take into account a number of critical requirements for miRNA targeting, 

and weight these features in order of importance. It is generally accepted that the 

most important requirement for translational repression is sequence complementarity 

between the miRNA 7-8 nucleotide seed region and the mRNA transcript133, 134. 

Most commonly used prediction programs incorporate other features into their 



prediction algorithms. For example, accounting for evolutionary sequence 

conservation has been shown to provide marked improvement in an algorithm’s 

predictive power, while the location and number of the miRNA target binding sites 

in the 3’UTR, 5’ UTR and coding region is also important134, 135. Also, incorporating 

miRNA accessibility due to mRNA folding and negative correlations between 

miRNA and mRNA abundance into prediction algorithms have been shown to 

improve target prediction efficacy133-135. In addition, high throughput sequencing of 

RNAs being isolated following immuno-precipitation of RISC complexes (HITS-

CLIP)136 is now being combined with prediction algorithms to reduce false positive 

rates. A recent review by Bartel134 gives an overview of the key features of some 

commonly used prediction algorithms (Figure 1.10) selecting TargetScan as the 

prediction algorithm of choice due to its requirement for stringent seed sequence 

pairing and seed sequence accessibility following RNA folding post transcription. 

 



Figure 1.10: Comparison of commonly used prediction algorithms and the key 

features accounted for in predicting miRNA:mRNA interactions.  

 

(Reproduced from: Bartel et. al.134) 

 

As a result of the numerous factors that influence miRNA:mRNA interaction, target 

prediction programs often provide conflicting results. A recent study by Alexiou et. 

al.135 compared experimental data of protein expression changes137 after increasing 

or decreasing miRNA levels with predicted targets for the miRNAs of interest. The 

study measured an algorithm’s precision, or ability to identify the experimentally 

validated targets of a miRNA, as well as measure sensitivity as a function of the 

number of false positive miRNA targets identified. The study by Alexiou et. al.135 

found that five target prediction programs achieved approximately 50% precision, 

i.e. approximately 50% of the total number of predicted targets matched the 

experimentally determined targets (Figure 1.11). These prediction programs included 

DIANA-microT 3.0, TargetScan 5.0, TargetScanS, Pictar and EIMMo. Of these 5 

programs, DIANA-microT 3.0 has the highest precision, while TargetScan 5.0 had 



the highest sensitivity (ie 12% of the experimentally determined targets were 

predicted by TargetScan). Therefore, either DIANA microT 3.0 or TargetScan 5.0 

present as the current search algorithms of choice.  

 

Figure 1.11: When considering the top 5 miRNA target prediction programs, results 

from TargetScan 5.0 give the highest sensitivity while results from DIANA microT 

3.0 give the highest precision. 

 

Reproduced from: Alexiou et. al.135 



1.4 miRNAs and the reflux-Barrett’s-adenocarcinoma sequence  
 

Numerous cellular processes are differentially regulated during the reflux-Barrett’s-

adenocarcinoma sequence29, 138-140. Reflux pathology associated with 

gastroesophageal reflux disease includes chronic inflammation, basal cell 

hyperplasia and increased levels of apoptosis.  

 

In Barrett’s oesophagus the epithelium is hyper-proliferative, displays abnormal 

crypt proliferation and is resistant to apoptosis141-144. Barrett’s oesophagus 

development is thought to require either transdifferentation or induction of alternate 

oesophageal stem cell differentiation. Cellular processes of interest in oesophageal 

adenocarcinoma, like all cancers, include cell proliferation, apoptosis and invasion. 

miRNAs have been shown to play roles in the biological processes that are relevant 

to the development of Barrett’s oesophagus and its neoplastic conversion. Therefore, 

there is great scope for studying alterations in miRNA expression along the reflux- 

Barrett’s oesophagus - oesophageal adenocarcinoma pathway and exploring the 

biological roles of miRNAs in this setting.  

 

Prior to the start of this thesis a miRNA array was carried out, assessing global 

miRNA expression in squamous oesophageal epithelia, Barrett’s oesophagus and 

oesophageal adenocarcinoma110. The array identified a number of differentially 

expressed miRNAs and provided the preliminary data for this thesis.  

 

1.5 Thesis aims 
 

1) Determine and quantify differences in the miRNA expression profile of 

oesophageal squamous epithelium, Barrett’s epithelium and oesophageal 

adenocarcinoma. 

 

2) Determine whether the miRNAs that are differentially expressed in Barrett’s 

epithelium, compared to squamous epithelium are also differentially expressed in 

squamous epithelium from patients with oesophagitis caused by gastroesophageal 

reflux disease. 



3) Assess the location of miRNAs differentially expressed in gastroesophageal reflux 

disease and use a cell line derived from oesophageal squamous tissue (Het-1A) to 

assess their ability to regulate cellular processes regulated in gastroesophageal reflux 

disease i.e. apoptosis and proliferation 

 

4) Identify tumour suppressor functions of miRNAs that are down-regulated in 

oesophageal adenocarcinoma by:   

  A) Assessing the location of miRNAs in Barrett’s oesophagus, high-grade 

dysplasia and oesophageal adenocarcinoma.  

 

  B) Assessing the effects on proliferation and apoptosis after increasing the 

levels of miRNAs down regulated in oesophageal adenocarcinoma in an oesophageal 

adenocarcinoma cell line.  

 

5)  Investigate whether changes in miR-200 family expression may contribute to 

abnormal cellular processes in Barrett’s oesophagus and/or epithelial to 

mesenchymal transition in oesophageal adenocarcinoma by: 

  A) Assessing the expression of the miR-200 family in Barrett’s oesophagus.   

 

  B) Assessing the expression of the miR-200 family and its transcription 

factor targets zinc finger E-box binding homeobox 1 (ZEB1) and zinc finger E-box 

binding homeobox 2 (ZEB2) in oesophageal adenocarcinoma. 



Chapter 2 

 General Materials and Methods 

2.1 Materials  

2.1.1 General reagents 
 

All chemicals, cell culture media and supplements were of analytical grade and were 

used without further purification.  

 

2.1.2 Buffers and Solutions 
 

All general solutions and buffers were either purchased direct from the manufacturer 

or made up with double deionised MilliQ (MQ) water to the required concentration. 

All solutions and buffers used for PCR were certified DNase and RNase free. 

 

10X PBS 

NaCl   80 g 

KCl   2 g 

Na2HPO4 . 2H2O  18.05 g  

KH2PO4  2.4 g 

MQ   1 L 

 

TBE buffer  

NaOH   0.5 g 

Tris Base  54 g 

H3BO3   27.5 g 

EDTA   3.7 g 

MQ   1 L 

 



Cell Lysis Buffer for protein isolation  

1M Trisma hydrochloride 10 ml 

1% Tween 20   2 ml  

5M NaCl   6 ml 

100mM Na4P2O7  20 ml 

100mM NaVO4  2 ml 

1:500 w/v NaN3 in H2O 400ul 

MQ    114 ml 

1 Protease inhibitor cocktail tablet (added fresh) (Roche, Dee Why, NSW 

#11836153001) 

 

Roche protease inhibitor cocktail tablet contains: 

Pancreas extract   0.02 mg/ml 

Pronase   0.005 mg/ml 

Thermolysin   0.0005 mg/ml 

Chymotrypsin   0.0015 mg/ml 

Papain    0.33 mg/ml  

 

10x Running Buffer for gel electrophoresis   

 Tris Base  30.3 g 

 Glycine  144 g 

 SDS   10 g  

 MQ   800 ml 

 Adjust to pH 8.3 

 MQ to 1 L  

 

1x Transfer Buffer for protein transfer from gel to PVDF membrane      

Tris base  12.12 g 

Glycine  57.6 g 

MQ   3 L  

Methanol  800 ml 

Add MQ to 4 L 

 



PBS-T  

PBS  

1% Tween-20 

 

Blocking Buffer  

5% Non-fat dried milk in PBS-T 

 

5x Sample Buffer (SDS reducing)   

MQ    4 ml 

500mM Tris-HCl pH 6.8 1 ml 

Glycerol   0.8 ml 

10% SDS   1.6 ml 

0.05% Bromophenol Blue 0.2 ml 

2-β-Mercaptoethanol  0.4 ml 

 

AnnexinV Binding Buffer 

10mM HEPES/NaOH, pH 7.4 

140mM NaC1 

2.5mM CaC12  

 

2.2 Methods 

2.2.1  RNA isolation and quality control 
 

All RNA used in the experiments comprising this thesis was extracted using TRIzol® 

(Invitrogen, Carlsbad, CA) following the manufacturer’s protocol with some 

variations.  

 

RNA was extracted from cell lines and human tissue. RNA extraction from cell lines 

began with a wash with serum free medium before adding 500 µl of TRIzol® directly 

to attached cells. For RNA extraction from human tissue, 250 µl of TRIzol® was 

added to tissue inside an Eppendorf tube before homogenising the tissue with a 

plastic pestle, followed by further addition of 250 µl of TRIzol®.  

 



Samples in TRIzol® were then heated to 37 oC for 5 min, pulse centrifuged for 5 sec, 

and 100 µl of chloroform was added to each sample. Samples were then vortexed for 

15 sec, and then incubated at room temperature for 5 min. Samples were then 

centrifuged at 12,000 x g for 15 min at 4 oC. 300 µl of isopropanol was added to 

fresh eppendorf tubes. After centrifugation the aqueous phase was removed and 

placed into the new eppendorf tube containing isopropanol, incubated at room 

temperature for 10 min and then centrifuged at 12,000 x g for 30 min at 4 oC. After 

centrifugation the isopropanol was removed and 500 µl of ethanol was added before 

vortexing. Samples were then centrifuged at 7,600 x g for 5 min at 4 oC before 

removing the ethanol. Samples were centrifuged again at 7,600 x g for 1 min and any 

excess ethanol was removed. To dissolve the RNA pellet 22 µl of ultra pure water 

(Fisher Biotec, Subiaco, WA) was added before incubating samples at 60 oC for 10 

min, followed by a pulse centrifuge, then a further incubation for 5 min at 60 oC. The 

RNA concentration of each sample was measured using a Biophotometer 

(Eppendorf, North Ryde, NSW). RNA quality was determined by gel electrophoresis 

(1% gel, 3 g of agarose in 300 ml of TBE buffer). Ethidium bromide staining (40 µl 

of 10 mg/ml ethidium bromide in 800 ml MQ) for 30minutes and UV illumination 

was used to visualise and photograph intact 18 and 28S rRNA bands.  

 

2.2.2 Quantitative real-time polymerase chain reaction (RT-PCR) 
analysis of miRNA expression 
 

Expression of selected miRNAs were assessed using individual TaqMan® miRNA 

Assays (Applied Biosystems, Foster City, CA, USA). 5ng of total RNA was reverse 

transcribed into complementary DNA (cDNA) using gene-specific primers (primer 

details Table 2.1) and the TaqMan® miRNA reverse transcription kit (#4366597, 

Applied Biosystems) following the manufacturers protocol. After reverse 

transcription miRNA expression was assessed by real-time PCR, using the Applied 

Biosystems, TaqMan® Universal PCR Master Mix, No AmpErase® UNG 

(#4324018) and individual miRNA TaqMan® assays. Individual miRNA TaqMan® 

assay details are shown in Table 2.1.  



Table 2.1: Individual TaqMan® miRNA assay details including the assessed mature 

miRNA sequence. 

 

miRNA  
Assay 
ID Mature miRNA sequence  

hsa-miR-21 000397 UAGCUUAUCAGACUGAUGUUGA 
hsa-miR-141 000463 UAACACUGUCUGGUAAAGAUGG 
hsa-miR-143 002249 UGAGAUGAAGCACUGUAGCUC 
hsa-miR-145 002278 GUCCAGUUUUCCCAGGAAUCCCU 
hsa-miR-194 000493 UGUAACAGCAACUCCAUGUGGA 
hsa-miR-200a 000502 UAACACUGUCUGGUAACGAUGU 
hsa-miR-200b 002251 UAAUACUGCCUGGUAAUGAUGA 
hsa-miR-200c 002300 UAAUACUGCCGGGUAAUGAUGGA 
hsa-miR-215 000518 AUGACCUAUGAAUUGACAGAC 
hsa-miR-429 001024 UAAUACUGUCUGGUAAAACCGU 

hsa-RNU44 001094 

CCTGGATGATGATAGCAAATGCTG
ACTGAACATGAAGGTCTTAATTAG
CTCTAACTGACT 

 

Reverse transcriptase (RT) reactions contained 5 ng of RNA sample, 100 nM stem-

loop RT primer, 100mM of dNTPs, 50U/µL Multiscribe reverse transcriptase, 20 

U/µL RNase inhibitor, 1.5 µL 10 x RT Buffer (all from Applied Biosystems) and 

ultra pure water. The 15 µL reactions were incubated in a Thermocycler (Eppendorf, 

North Ryde, NSW, Australia) for 30 min at 16oC, 30 min at 42oC, 5 min at 85oC and 

then held at 4oC. After reverse transcription the RT product (cDNA) was diluted with 

41.25 µl of ultra pure water.  

 

Real-time PCR was performed using a Rotor-Gene 6000 (Corbett Life Science, 

Sydney, NSW, Australia). The 20 µL PCR reaction included 5µL of diluted RT 

product, 1µL of primers, 10 µL TaqMan® Universal PCR Master Mix, No 

AmpErase® UNG (#4324018, Applied Biosystems) and 4 µL of ultra pure water. 

Triplicate reactions were performed on all samples. The data was quantitatively 

analysed using Q-Gene software145 and then prepared for presentation with 

KaleidaGraph software (Synergy Software, PA). MiRNA expression data were 

normalized for levels of RNU44 (assay detail, Table 2.1). 

 



2.2.3 Quantitative RT-PCR analysis of mRNA expression 
 

Expression of selected mRNAs compared were assessed using a QuantiTect 

Reverse Transcription kit (#205313, Qiagen, Valencia, CA) and either the 

QuantiTect SYBRGreen mastermix (#204145, Qiagen) or TaqMan®  Gene 

Expression Mastermix (#4369016, Applied Biosystems) for PCR following the 

manufacturers protocol. Primer details for Quantitect SYBRGreen PCRs are shown 

in Table 2.2. Primer details for TaqMan® gene expression assays are shown in Table 

2.3.  

 

Genomic DNA was removed from 336 ng of total RNA by treating with gDNA 

wipeout buffer. The 336 ng RNA sample was then reverse transcribed into cDNA 

using a mixture of oligo-dT and random hexamer primers. After reverse transcription 

mRNA expression was assessed by real-time PCR, using the Quantitect 

SYBRGreen and gene specific primers. PCR was carried out in a Rotor-Gene 6000 

(Corbett Life Science). 

 

Reverse transcription reactions were at a final volume of 20 µl and contained 336 ng 

of RNA sample in 5 µl of ultra pure water, 2 µl of gDNA wipeout buffer, 1 µl of 

reverse transcriptase, 4µl of 5x RT buffer and 1µl of RT primer mix (all from 

Qiagen) and 7 µl of ultra pure water. The 20 µl reverse transcription reaction was 

carried out in a thermocycler (Eppendorf, North Ryde, NSW) for 30 min at 42oC, 3 

min at 95oC and then held at 4oC. After reverse transcription the RT product (cDNA) 

was diluted with 150 µl of ultra pure water. 

 

Real-time PCR was performed using a Rotorgene 6000 thermocycler (Corbett Life 

Science). Both methods of PCR consisted of a 20 µL PCR reaction including 5µL of 

reverse transcribed cDNA product. The Quantitect SYBRGreen system required 

1µL each of 5 µM forward and reverse primers (Gene works, Thebarton, SA), 10 µL 

Quantitect SYBRGreen (Qiagen) and 3 µL of ultra pure water. The TaqMan® gene 

expression assay required 1 µl of primer, 10 µl of TaqMan® universal master mix (all 

from Applied Biosystems) and 4 µl of ultra pure water. Triplicate reactions were 

performed on all samples. The data was quantitatively analysed using Q-Gene 



software24 and then prepared for presentation with KaleidaGraph software (Synergy 

Software, PA). mRNA expression data were normalized for levels of a reference 

‘house keeper’ gene. 

 

Table 2.2: Primer details for Quantitect SYBRGreen PCR  

 

Gene 

Name Forward Sequence Reverse Sequence 

18S CCGCGCTGGTTGG GTCGGCATCGTTTATGGTC 

β-actin TTGCCGACAGGATGCAGAAG GCCGATCCACACGGAGTACT 

BMP4 CATCCACTCACCCACACACT TGGTCAAAACATTTGCACGTA 

CDX2 CAGCTAAGATAGAAAGCTGGACTG CACCCTGTGCATACACCAGCCAAG 

CK8 AGCGTACAGAGATGGAGAAC TGAGGAAGTTGATCTCGTCG 

CK14 ACGATGGCAAGGTGGTGT GGGATCTTCCAGTGGGATCT 

GATA4 TCTTGGAACAGCCTGGTCTT GGCCTCCTTCTTTGCTATCC 

HNF1α TTGTTTGGGGCAGGAGTAGC CCTGGGGTCACCTCTTTCTT 

IL6 GCAATAACCACCCCTGACC TAAAGCTGCGCAGAATGAGA 

ZEB1 TCGATCTGGCATTGTTTTATC GCGGATTTAGCATATGTTTACCA 

ZEB2 GTTCAGCCAAGACAGATGTAGACG  CAGGATTAGTCTCTGAACCACAC 

 

Table 2.3: TaqMan® gene expression assay details.  
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2.2.4 Thawing of cells for cell culture 
 

A cryo-tube of the required cell line was rapidly thawed under lukewarm water 

before being transferred into a 10 ml centrifuge tube. 7 ml of culture medium was 

added to the centrifuge tube before centrifugation at 400 x g. The supernatant was 

removed and a further 7 ml of cell culture medium was added followed by additional 

centrifugation at 400 x g. The supernatant was again discarded and cells were 

resuspended in 1 ml of cell culture medium. Cells were then aliquoted into a 75 ml 

culture flask and incubated at 37oC with 5% CO2. 

 

2.2.5 Cell culture and miRNA over expression  
 

Het-1A146 and OE-19147 cells were cultured and transfected with miRNA mimics to 

elevate miRNA expression (miRNA mimic and negative control details are shown in 

Table 2.4). Het-1A cells were cultured using LHC-9 medium (Invitrogen, Mulgrave, 

VIC) supplemented with 0.2 µg/ml penicillin-streptomycin (Invitrogen) and 

0.1mg/ml, Normocin (Invivo-Gen, San Diego, CA). Het-1A cells were transfected 

with miR-143, miR-145 or miR-205 mimics or a negative control duplex. 

Plasticware used for Het-1A cell culture was coated with a coating media prepared 

from LHC-9 medium by adding 0.01 mg/ml fibronectin (Sigma, Castle Hill, NSW), 

2.3 µg/ml Collagen (BD biosciences, North Ryde, NSW) and 0.1 mg/ml bovine 

serum albumin (Sigma). Once the coating media was prepared it was added to cell 

culture plasticware and incubated overnight at 37oC. The following day the coating 

media was removed and the plastic ware was left to dry thoroughly.  

 

OE-19 cells were cultured using Dulbecco's modified eagle medium (DMEM) 

supplemented with 10% fetal bovine serum (Invitrogen), 1% (weight/volume) 

penicillin-streptomycin (Invitrogen) and 0.06% (volume/volume) Normocin (Invivo-

Gen). OE-19 cells were transfected with either miR-143, miR-145 or miR-215 

mimics or a negative control duplex.     

 

miRNA levels were increased by transfecting Het-1A cells with miR-143, miR-145 

or miR-205 mimics and OE-19 cells with miR-143, miR-145 or miR-215 mimics 



using the Lipofectamine™ 2000 system (Invitrogen) as per the manufacturer’s 

protocol. miRNA mimic and negative control duplexes were supplied lyophilized 

and were dissolved in ultra pure water to achieve a concentration of 150 µM for 

storage. Cells were exposed to miRNA duplexes for 24 hr then the transfection cell 

culture media was replaced with fresh media. Cells were transfected using miRNA 

mimic or negative control duplexes at 33 nM concentration (GenePharma, Shanghai, 

China) (Table 2.4). RNA was extracted from transfected cells using TRIzol®, and 

miRNA over expression was confirmed by using the PCR methods described in 

section 2.2.2 to assess RNA obtained from transfected cell lines 24 and 48 hr after 

the cells were exposed to the miRNA duplexes. 

 



Table 2.4: Sequence details and product numbers for mimic and negative control 

duplexes used for cell line transfection experiments. miRNA mimic and negative 

control probes were obtained from GenePharma. 

 

 � �

miR-143 (#2988) sequence: � �

5’- UGAGAUGAAGCACUGUAGCUC -3’ � �

5’- GCUACAGUGCUUCAUCUCAUU -3’ � �

  � �

miR-145 (#8480) sequence: � �

5’- GUCCAGUUUUCCCAGGAAUCCCU -3’ � �

5’- GGAUUCCUGGGAAAACUGGACUU -3’ � �

  � �

miR-205 (#3391) sequence: � �

5’- UCCUUCAUUCCACCGGAGUCUG -3’ � �

5’- GACUCCGGUGGAAUGAAGGAUU -3’ � �

  � �

miR-215 (#3895) sequence: � �

 5’- AUGACCUAUGAAUUGACAGAC -3’ � �

 5’- CUGUCAAUUCAUAGGUCAUUU -3’ � �

  � �

Negative control duplex (#1733) � �

5’- UUCUCCGAACGUGUCACGUTT -3’ � �

5’- ACGUGACACGUUCGGAGAATT -3’ � �

 



2.2.6 Proliferation and apoptosis assays 
 

In Het-1A (chapter 4) and OE-19 (chapter 5) transfection experiments, cell 

proliferation and apoptosis were assayed 24 and 48h post transfection (n=2 

experimental replicates). Experiments measuring proliferation were conducted using 

96 well plates. 3000 cells were plated per well and 10 wells were used for each 

experimental and control group. Cell proliferation levels were measured by assessing 

cell numbers using the MTS assay system (Promega, Alexandria, NSW) as per the 

manufacturers protocol. For each cell line the MTS assay was first used to calculate a 

standard curve from absorbance readings of known cell numbers at 490 nm. To 

assess cell numbers 20 µl of MTS solution was added to each well of the 96 well 

plate that contained attached cells and 100 µl of cell culture media. After adding the 

MTS solution 96 well plates were incubated at 37oC for two hours before an 

absorbance reading at 490 nm was obtained from each well using a scanning plate 

reader (Bio-Rad, Gladesville, NSW). Absorbance readings and the standard curve 

were used to calculate cell numbers. Cell numbers at each time point were assessed, 

comparing cell groups transfected with a miRNA mimic with cells transfected with 

the negative control duplex. Differences in cell numbers were assessed for statistical 

significance using the Mann-Whitney test.      

 

Experiments measuring apoptosis levels were conducted using 24 well plates. 50,000 

cells were plated per well and 8 wells were used for each experimental and control 

group. Apoptosis was measured by assessing the numbers of pre-apoptotic cells. Post 

transfection cells floating cells were removed and placed in a centrifuge tube. 

Attached cells were detached using trypsin, 0.05% (1X) with EDTA 4Na 

(Invitrogen) and pooled with floating cells, twice centrifuged at 400 x g and washed 

with PBS + 0.05% Na azide then resuspended in 200 µl of annexinV binding buffer 

(BD biosciences). 5 µl of the annexinV antibody (BD Biosciences) was added to 

cells with 5 µl of propidium iodide (Sigma) as per the manufacturers protocol to 

stain viable, pre-apoptotic and non-viable cells 24 and 48 hr post-transfection. 

Propidium iodide indicative cell viability and positive AnnexinV, pre-apoptotic 

staining was measured using flow cytometry (BD FACSCANTO II from BD 

Biosciences) and the BD FACSDiva software package.  



2.2.7 Statistical analysis and correlations 
 

miRNA and mRNA PCR data were processed using Q-Gene software to produce 

relative quantification data145. Differences in miRNA expression between the three 

tissue groups were assessed for statistical significance using GraphPad PRISM 

software to perform Kruskal-Wallis tests and post hoc testing using the Holm-

Bonferroni method. Spearman rank order correlation tests between miRNA vs. 

mRNA expression were determined on-line (http://www.wessa.net/rankcorr.wasp). 

Statistical analysis of miRNA and mRNA expression was performed using GraphPad 

Prism software (GraphPad Software, Inc. La Jolla, CA, USA). Apparent differences 

in proliferation and apoptosis were assessed using the Mann-Whitney test.  

 

2.2.8 In-situ hybridisation 
 

To localise miRNA activity in-situ hybridization was performed, probing against 

miRNAs of interest. Flinders Medical Centre, Anatomical Pathology staff performed 

standard hematoxylin and eosin staining on a slide from each tissue biopsy to 

confirm the tissue type. In-situ hybridization was performed on serial 4 µm sections 

of 4% formalin fixed, paraffin embedded oesophageal tissue biopsies from controls 

and individuals with ulcerative oesophagitis. The in-situ hybridization protocol was 

based on a protocol published by Pena and colleagues148 with the following changes. 

All buffers were purchased direct from the manufacturer or prepared with diethyl 

pyrocarbonate (DEPC) (Sigma) treated water and sterilised via autoclave unless 

otherwise stated.  Sections were deparaffinised in Histo-Clear (National Diagnostics, 

Atlanta, Georgia) and rehydrated through an ethanol dilution series (100-25%). 

Slides were then washed for 5 min in water treated with DEPC followed by 13 min 

in 2 µg/ml proteinase K treatment (Roche Diagnostics, Mannheim, Germany). Tissue 

sections were acetylated148 for 10 min and then washed twice, for five minutes in 

PBS. Sections were framed with a wax pen (Vector Laboratories, Burlingame, 

California), covered with 40 µl of pre-hybridisation buffer148 and incubated at room 

temperature for four hours. Pre-hybridisation buffer was tipped from the slides and 

replaced with 40 µl of either the digoxigenin (DIG)-labeled, Locked Nucleic Acid 

(LNA)-miRNA probe or LNA-scramble probe (Exiqon, Vedbaek, Denmark) diluted 



to 250 nM with denaturing hybridization buffer (0.25% CHAPS detergent (Amresco, 

Solon #0465-5g), 0.1% Tween-20 (Sigma, #P1379). Slides were then incubated at 55 

oC overnight. The LNA-probes used include miR-143 (#38515-15), miR-145 

(#38517-15), miR-205 (#18099-15), miR-215 (#99999-15), U6 (#99002-15) and 

miR-SCR (#99004-15). The sequence of the miR-SCR duplex, used as a negative 

control, shared no homology with known miRNAs.   

 

Slides were washed twice with 0.2X saline sodium citrate (SSC) buffer (Sigma) 

heated to 60 oC and then incubated with 0.2X SSC buffer 60 min at 60 oC. 

Levamisole (24% weight/volume) (Sigma, #L9756-5G) was used to reduce 

background alkaline phosphate activity. Slides were submerged in levamisole buffer 

containing 1M TRIS pH 7.5 and 5M NaCl for 5 min at room temperature. The 

sections were then incubated with a blocking buffer (1% blocking buffer and 1X 

maleic acid buffer, DIG Wash and Block Buffer Set, (Roche Diagnostics) for 60 min. 

40 µl of anti-DIG antibodies (Roche Diagnostics) diluted 1:2000 using blocking 

buffer was added to each section and then slides were incubated overnight at 4 oC.  

The slides were then washed in 1X wash buffer (DIG Wash and Block Buffer Set, 

Roche Diagnostics) and incubated with the detection buffer (0.08 M Tris-HCl 

containing 0.17 M NaCl pH 9.5) for 10 min. The slides were then submerged in a 

1:500 dilution of nitro blue tetrazolium chloride (NBT) /BCIP (5-bromo-4-chloro-3-

indolyl phosphate, toluidine salt) (Roche Diagnostics) until staining was observed. 

Buffered glycerol was added to each section before cover-slipping. Slides were 

viewed using an Olympus BX50 microscope and photographed at 10x magnification 

using the SPOT software package. 

 

2.2.9 mRNA array analysis 
 

Changes in global gene expression were assessed by microarray analysis (Human 

Gene 1.0 ST Arrays, Affymetrix, Surrey Hills, VIC) using RNA obtained from OE-

19 cells (Methods, 2.2.1) 24 hr post transfection with either miRNA mimics of miR-

143, miR-145, miR-215 or the negative control scramble probe  (Methods 2.2.5). 

The Human Gene 1.0 ST Arrays from Affymetrix assess 28,869 genes, using 26 

probes mapping across each genes transcript. For each miRNA mimic and negative 



control n=3 RNA samples were assessed via mRNA array. All mRNA arrays were 

performed by staff at the Adelaide microarray facility. 300ng of RNA was labelled 

using the Affymetrix WT Sense Target labelling assay (#701880, Affymetrix) and 

then hybridised to Human Gene 1.0 ST Arrays (Affymetrix). Analysis of the array 

data was performed using the Partek Genomics suite 6.4 (Partek, Missouri, USA). 

RMA background correction, GC content correction and mean probe summarization 

was performed in the Partek software package, followed by assessing differences in 

gene expression for statistical significance via ANOVA with Benjamini-Hochberg p-

value adjustment149.  

2.2.10 Western Blotting and antibody details 
 

Protein for western blotting was isolated from OE-19 cells 24 hr post transfection 

using cell lysis buffer. Cells were washed with PBS and cell lysis buffer was added 

(500 µl:  confluent T75 flask of cells and 200 µl: confluent well in a 6 well plate). 

Cell lysate was placed on ice and sonicated at 15 Amplitude Microns for 20 seconds 

(direct probe, Misonix Sonicator 4000, CT, USA) before storage at -20oC.  

 

Protein concentration was quantified using the EZQ® protein quantification kit 

(Invitrogen, Mulgrave, VIC) following the manufacturer’s protocol. 40 µg of each 

protein sample was required for western blot. Protein samples were diluted to equal 

volumes, sample buffer was added and then samples were heated to 100oC for 5 min. 

Samples were then cooled and loaded into 12%, 10% or 7.5% 

polyacrylamide/bisacrylamide pre-cast gels (Bio-Rad) depending on the protein size. 

Precision plus dual colour protein standards (Bio-Rad) were also added to one lane 

of the pre-cast gel as a molecular marker. Gels were loaded into the electrophoresis 

apparatus (Bio-Rad), submerged in a gel tank filled with running buffer and run at 

200 V for ~30 min until the sample buffer reached the lower end of the gel. After 

electrophoresis gels were placed onto a methanol activated PVDF membrane 

(membrane soaked in 100% methanol for 30 sec), and prepared for transfer as a 

blotting sandwich, surrounded by a filter paper layer and a sponge layer. The blotting 

sandwich was then loaded into a plastic transfer cassette (Bio-Rad). Transfer 

cassettes were loaded in the gel transfer apparatus (Bio-Rad) and run at 400 mA for 2 

hr.  



 

After transfer PVDF membranes were submerged in blocking buffer for 40 min then 

submerged in the required dilution of primary antibody (Table 2.5) overnight. The 

following morning membranes were removed from primary antibody, washed with 

PBS-T and submerged in the required dilution of horseradish peroxidase conjugated 

secondary antibody for 1 hr (Table 2.5). Membranes were then washed with PBS-T 

and bands were detected using the Amersham™ ECL Plus Western Blotting 

Detection Reagent (GE health care, Buckinghamshire, England) following the 

manufacturer’s protocol.  

 

Bands were visualised using a Las-4000 enhanced chemiluminescent exposure 

imager (Fujifilm Life Science, Holliston, MA) and photographed using MultiGauge 

version 3.0 image capture software (Fujifilm Life Science). Band intensity for the 

protein of interest and the loading control protein was quantified using Carestream 

Image Analysis software (Carestream, Rochester, NY). After Western blotting 

membranes were re-blotted for the loading control protein GAPDH using the same 

methods described above. Loading control band intensities were used to normalise 

protein of interest band intensities. Differences in experimental group and control 

band intensities were assessed for statistical significance using the Mann-Whitney 

test.  

 



Table 2.5: Antibody details used in western blot analysis.  

miRNA 
of 

interest 
Protein Name 

Protein 
Size 

(kDa) 
Company Product 

Number 
Type Raised 

in 
1' Dilution 

miR-143 KRAS 

Harvey rat 
sarcoma viral 

oncogene 
homologue 

21 Santa Cruz F234 
Mono-
clonal 

Mouse PBS 1:1,000 

miR-215 ZEB2 
Smad 

interacting 
protein 1 

197, 150, 
110, 97 

Santa Cruz SC-48789 
Mono- 
clonal 

Mouse PBS 1:200 

miR-145 YES 
Protein tyrosine 

kinase 1 
58 

Cell 
Signalling 

2734 
Poly- 
clonal 

Rabbit PBS 1:500 

miR-145 RTKN Rhotekin 62 Abnova H00006242 
Mono- 
clonal 

Mouse PBS 1:1,000 

miR-215 DTL 
Denticleless 

homolog 
95, 77, 

26 
Bethyl A300-948A 

Poly- 
clonal 

Rabbit PBS 1:1,500 

miR-143 HDAC7 
Histone 

deacetylase 7 
 102 Sigma H6663 

Mono- 
clonal 

Mouse PBS 1:8,000 

House 
keeper 

GAPDH 
Glyceraldehyde 

3 phosphate 
dehydrogenase 

34 Abcam ab9484 
Mono- 
clonal 

Mouse PBS 1:1,000 

 



2.2.11 Ingenuity Pathway Analysis 
 

A core Ingenuity Pathways Analysis was performed on predicted targets of miR-141 

and miR-200c. Ingenuity Pathways parameters were set to assess a knowledge base 

derived from direct and indirect associations between genes in human experiments 

and also epithelial cell lines. All interactions identified in the Ingenuity Pathways 

Core Analysis are based on published experimental data (not predicted interactions). 

The Ingenuity Pathways Analysis first assessed the input predicted gene targets of 

miR-141 and miR-200c and built a “biological network” based on validated 

interactions between the input predicted target genes and any other gene where an 

interaction had been published. The analysis then grouped the genes in the network 

according to their validated biological function (eg. proliferation or apoptosis etc.), 

and then tested the gene interactions and grouping for statistical significance using a 

Fisher’s exact test. The analysis produced a “biological network” of genes (top five 

biological networks are listed), with a common biological function, that have been 

validated in experimental studies to interact with each other, and have been tested for 

significance to ensure their grouping did not occur by chance. Secondly, the 

Ingenuity Pathways Analysis grouped the input predicted gene targets of miR-141 

and miR-200c according to their validated biological functions and listed the “top 

molecular and cellular functions” (top five molecular and cellular functions are 

listed), and again tested each group for statistical significance using a Fisher’s exact 

test. 



Chapter 3 

 Investigation of miRNA expression in oesophageal 
squamous epithelia, Barrett’s oesophagus and 

oesophageal adenocarcinoma 

3.1 Introduction 
 

The mechanisms that drive the development of Barrett’s oesophagus and 

oesophageal adenocarcinoma not fully understood. Although numerous molecular 

alterations have been identified, there are still a number of interesting, unanswered 

questions regarding the role of miRNAs in Barrett’s oesophagus and oesophageal 

adenocarcinoma.  

 

Prior to my PhD candidature no study had quantitatively assessed miRNA expression 

in Barrett’s oesophagus and oesophageal adenocarcinoma. Our research group 

hypothesised that miRNA expression would be altered in Barrett’s oesophagus and 

oesophageal adenocarcinoma and these changes in miRNA expression might 

contribute to the development of these pathologies. Therefore, as a first step in 

investigating the role of miRNAs in the development of Barrett’s oesophagus and 

oesophageal adenocarcinoma our laboratory aimed to assess miRNA expression. In 

our study110 miRNA arrays were used to assess global miRNA expression comparing 

squamous oesophageal epithelia with both Barrett’s oesophagus and oesophageal 

adenocarcinoma. These arrays identified numerous miRNAs that were potentially 

differentially expressed in Barrett’s oesophagus or oesophageal adenocarcinoma110. 

An analysis of this microarray data was performed by Dr Anna Tsykin (Adelaide 

Microarray Centre) prior to commencing my PhD candidature, and this provided the 

preliminary data for my PhD studies.  Prior to the publication of our microarray 

study110, a study by Feber150 was published which identified altered miRNA 

expression in oesophageal adenocarcinoma using miRNA arrays. The study by 

Feber150 highlighted that miRNAs were differentially expressed in oesophageal 

adenocarcinoma. However, miRNA changes were not quantitatively assessed and the 



Barrett’s oesophagus samples assessed were all from patients with oesophageal 

adenocarcinoma.  

 

The first step of my PhD project involved using quantitative RT-PCR to validate the 

results of the miRNA microarray analysis. From the microarray analysis, the most 

differentially expressed miRNAs, including miR-21, miR-194, miR-203, miR-205 

and miR-215 were selected for quantitative validation. Two additional miRNAs, 

miR-143 and miR-145, were also selected for validation from the list of potentially 

differentially expressed genes because of previous literature indicating their role in 

maintenance of columnar gastrointestinal epithelium.109.  

 

3.2 Tissue samples - collection, histopathology and RNA extraction  
 

Biopsies were collected from patients with either Barrett’s oesophagus or 

oesophageal adenocarcinoma who were undergoing endoscopy assessment at our 

institution. “Barrett’s oesophagus” was defined as columnar lined oesophageal 

mucosa with intestinal metaplasia. Biopsies were collected according to usual 

clinical practice and placed in formalin for standard histopathological evaluation by 

Dr David Astill (Consultant, Divison of Surgical Pathology, IMVS). Additional 

biopsies were collected for research purposes from the tissue of interest (Barrett’s 

oesophagus or cancer), as well as proximally from the squamous oesophageal 

epithelium (5 cm proximal to the upper margin of the metaplastic epithelium or 

carcinoma) and distally from the mucosa of the proximal stomach. For the Barrett’s 

oesophagus, specimens were all collected from the oesophagus, 1cm above the 

gastroesophageal junction, and intestinal metaplasia was confirmed to be present by 

histopathology in all instances. Gastric tissue was collected as reference columnar 

epithelia. All biopsies were stored in RNAlater (Ambion, Austin, TX, USA). 

 

In addition, tissue samples (squamous epithelium, intestinal metaplasia, oesophageal 

adenocarcinoma, and proximal gastric epithelium) were collected from 8 patients 

who underwent surgical resection of the oesophagus for invasive oesophageal 

adenocarcinoma at Flinders Medical Centre (South Australia, 2 patients) or Erasmus 

Medical Centre, Rotterdam (Netherlands, 6 patients). In each case, these patients had 



not received neoadjuvant chemo-radiotherapy. The surgical resection specimens 

were transported on ice to a pathology laboratory, where tissues were sampled and 

stored in liquid nitrogen for further processing, according to recent published 

guidelines151. The protocol for this study was approved by the Flinders Clinical 

Research Ethics Committee. 

 

A small piece of the tissue specimens collected for research, either at endoscopy or 

surgery, was removed, fixed in formalin and embedded in paraffin for haematoxylin-

eosin and Alcian blue periodic Schiff diastase (ABPASD) staining. The remaining 

tissue was used for gene expression analysis. Histopathology from the formalin fixed 

portion of these tissues (squamous epithelium, intestinal metaplasia, oesophageal 

adenocarcinoma, and gastric epithelium groups) confirmed that the samples 

consisted only of their characteristic epithelium, and had no other detectable 

epithelia/admixture. Tissue cut-up, RNA extraction and RNA quality control was 

performed by Dr Damian Hussey and Dr Bas Wijnhoven.   

 

3.3 Results: TaqMan® quantitative RT-PCR identifies altered 
miRNA expression in Barrett’s oesophagus and oesophageal 
adenocarcinoma  

 

miR-21, miR-143, miR-145, miR-194, miR-203, miR-205 and miR-215 were 

assessed by TaqMan® RT-PCR (Methods, chapter 2, section 2.2.2) to quantitatively 

validate the microarray results across the different tissue samples derived from 32 

individuals (normal oesophagus n=29; intestinal metaplasia n=20; proximal gastric 

epithelium n=24; oesophageal adenocarcinoma n=20).  

 

Expression of miR-21 was significantly higher in all types of columnar epithelia 

(intestinal metaplasia, gastric epithelium, oesophageal adenocarcinoma) compared to 

squamous epithelium (Table 3.1 & Figure 3.1). The level of miR-21 expression was 

not significantly higher in oesophageal adenocarcinoma relative to intestinal 

metaplasia. miR-143 levels were also significantly higher in intestinal metaplasia and 

gastric epithelium compared to squamous epithelium (Table 3.1 & Figure 3.2). miR-

145 was significantly higher in intestinal metaplasia compared to squamous 



epithelium (Table 3.1 & Figure 3.3). miR-145 was also higher in gastric epithelium 

compared to squamous epithelium, but this did not reach significance with post-hoc 

testing (p=0.02). In oesophageal adenocarcinoma, however, miR-143 and miR-145 

expression was significantly less than in Barrett’s oesophagus epithelium (Table 3.1, 

Figure 3.2 & Figure 3.3). 

 

miR-203 and miR-205 expression was significantly higher in squamous epithelium 

compared to all types of columnar tissues (Table 3.1, Figure 3.4 & 3.5). There were 

no significant differences in miR-203 expression between the columnar tissue types, 

whereas miR-205 levels were significantly higher in intestinal metaplasia and 

oesophageal adenocarcinoma compared to proximal gastric epithelium (Table 3.1 & 

Figure 3.5). 

  

miR-215 expression was tissue-specific with highest expression in intestinal 

metaplasia. The level of expression of miR-215 was significantly lower in 

oesophageal adenocarcinoma, gastric epithelium and squamous epithelium compared 

to intestinal metaplasia (Table 3.1 & Figure 3.6). Gastric epithelium and oesophageal 

adenocarcinoma had significantly higher levels of miR-215 than squamous 

epithelium (Table 3.1 & Figure 3.6). The levels of miR-194 expression were also 

significantly higher in columnar tissues than squamous tissue (Table 3.1 & Figure 

3.7). There were no significant differences in miR-194 expression between the 

different columnar tissue types (Table 3.1 & Figure 3.7). 



Table 3.1: Relative median miRNA expression values validated by TaqMan® 

polymerase chain reaction in squamous mucosa, Barrett’s oesophagus, oesophageal 

adenocarcinoma and proximal gastric mucosa. A large range in miRNA expression is 

observed for miR-143 and miR-145 in squamous mucosa. This is discussed in 

Appendix 1.  

 Squamous  

mucosa 

Barrett’s  

oesophagus 

Oesophageal  

adenocarcinoma 

Proximal  

gastric mucosa 

p-value 

miR-21 1.145 

(0.829, 1.731) 

3.161 

(2.698, 4.528) 

4.810 

(3.603, 9.241) 

5.104 

(4.725, 7.211) 

<0.0001 

* + ∞ ¥ 

miR-143 0.0009 

(0.0033, 0.0242) 

0.0102 

(0.0060, 0.0306) 

0.0033 

(0.0039, 0.0094) 

0.0119 

(0.0098, 0.0156) 

0.0005 

* ∞ ◊ # 

miR-145 0.0131 

(0.0163, 0.122) 

0.0450 

(0.0333, 0.115) 

0.0249 

(0.0212, 0.058) 

0.0508 

(0.0413, 0.0664) 

0.0059 

* ◊ 

miR-194 0.00051 

(0.00048, 0.0011) 

0.0633 

(0.0476, 0.107) 

0.0446 

(0.0325, 0.0945) 

0.0705 

(0.0100, 0.0660) 

<0.0001 

* + ∞ 

miR-215 0.00068 

(0.0007,0.00191) 

0.0129 

(0.0094,0.0290) 

0.0041 

(0.0027,0.0195) 

0.0057 

(0.0055,0.0086) 

<0.0001 

* + ∞ ¥ ◊ 

miR-203 0.4730 

(0.411,0.669) 

0.0278 

(0.0256, 0.106) 

0.0204 

(0.0153, 0.0475) 

0.0273 

(0.0253, 0.0360) 

<0.0001 

* + ∞ 

miR-205 2.455 

(1.975, 3.354) 

0.0140 

(0.0485, 0.388) 

0.0029 

(-0.0106, 0.334) 

0.00021 

(-0.00025, 0.0019) 

<0.0001 

* + ∞ ¥ # 

All figures are median (95% confidence intervals).  

The p-value listed is derived from Kruskal-Wallis testing over the 4 tissue groups 

Post-hoc testing for pair-wise comparisons is by Holm-Bonferroni method 

*  Post-test – P<0.05 for squamous mucosa vs Barrett’s metaplasia 

+  Post-test – P<0.05 for squamous mucosa vs oesophageal adenocarcinoma 

∞ Post-test – P<0.05 for squamous mucosa vs proximal gastric mucosa 

¥  Post-test – P<0.05 for Barrett’s metaplasia vs proximal gastric mucosa 

◊  Post-test – P<0.05 for Barrett’s metaplasia vs oesophageal adenocarcinoma 

#  Post-test – P<0.05 for oesophageal adenocarcinoma vs proximal gastric mucosa 



Figure 3.1: TaqMan® analyses of relative miR-21 levels in normal squamous, 

Barrett’s oesophagus, oesophageal adenocarcinoma and gastric tissue. The relative, 

normalised miR-21 expression level in each tissue sample is presented as an 

individual symbol.   
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Figure 3.2: TaqMan® analyses of relative miR-143 levels in normal squamous, 

Barrett’s oesophagus, oesophageal adenocarcinoma and gastric tissue. The relative, 

normalised miR-143 expression level in each tissue sample is presented as an 

individual symbol. 
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Figure 3.3: TaqMan® analyses of relative miR-145 levels in normal squamous, 

Barrett’s oesophagus, oesophageal adenocarcinoma and gastric tissue. The relative, 

normalised miR-145 expression level in each tissue sample is presented as an 

individual symbol. 
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 Figure 3.4: TaqMan® analyses of relative miR-203 levels in normal squamous, 

Barrett’s oesophagus, oesophageal adenocarcinoma and gastric tissue. The relative, 

normalised miR-203 expression level in each tissue sample is presented as an 

individual symbol. 
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Figure 3.5: TaqMan® analyses of relative miR-205 levels in normal squamous, 

Barrett’s oesophagus, oesophageal adenocarcinoma and gastric tissue. The relative, 

normalised miR-205 expression level in each tissue sample is presented as an 

individual symbol. 
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Figure 3.6: TaqMan® analyses of relative miR-215 levels in normal squamous, 

Barrett’s oesophagus, oesophageal adenocarcinoma and gastric tissue. The relative, 

normalised miR-215 expression level in each tissue sample is presented as an 

individual symbol. 
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Figure 3.7: TaqMan® analyses of relative miR-194 levels in normal squamous, 

Barrett’s oesophagus, oesophageal adenocarcinoma and gastric tissue. The relative, 

normalised miR-194 expression level in each tissue sample is presented as an 

individual symbol. 
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3.4 Discussion: miRNA expression is altered in Barrett’s 
oesophagus and oesophageal adenocarcinoma 

 

Quantitative RT-PCR identified differences in the expression of miR-21, miR-143, 

miR-145, miR-194, miR-203, miR-205 and miR-215 in Barrett’s oesophagus and 

oesophageal adenocarcinoma compared with squamous oesophageal epithelia. miR-

21, miR-143, miR-145, miR-194, miR-203, miR-205 and miR-215 have been 

implicated in regulating numerous cellular processes by directly targeting specific 

mRNA transcripts (Table 3.2). The validated targets of these miRNAs, shown in 

Table 3.2, are involved in regulating cellular processes such as proliferation, 

apoptosis, cell cycle control, migration and invasion as well as epithelial and stem 

cell differentiation. Many of these cellular processes are aberrantly regulated in 

Barrett’s oesophagus or oesophageal adenocarcinoma, and dysfunctional regulation 

of these known miRNA targets (Table 3.2), brought about via alterations in miRNA 

expression, may contribute to this. No studies have investigated the roles of miR-21, 

miR-143, miR-145, miR-194, miR-203, miR-205 and miR-215 in Barrett’s 

oesophagus and oesophageal adenocarcinoma. However, these miRNAs have been 

investigated in other tissues. 

 



Table 3.2: Current knowledge (as of 27/9/11) of direct mRNA targeting by miR-21, 

miR-143, miR-145, miR-194, miR-203, miR-205 and miR-215. Validated miRNA 

targets listed in this table were identified via literature review, searching all peer 

reviewed publications on miR-21, miR-143, miR-145, miR-194, miR-203, miR-205 

and miR-215 for validated targets. 

 

microRNA Validated targets 

miR-143 ERK5152, KRAS153, ELK1154, 

DNMT3A155, FNDC3b156, BCL2157 

 miR-145 IRS-1158 , c-myc159, RTKN160 

FLJ2130827,KLF4154, 161, CAMK2-

δ154, OCT4161, SOX2161, YES162, 

STAT1162, ER-alpha163, DFF45164, 

MUC1165, FSCN1166, DFF45159, 

PPPC3A167, CBFB167, CLINT1167 

miR-194 Various cell cycle transcripts168 

miR-215 Various cell cycle transcripts168, 

DTL169, ZEB2170, DHFR171, 

TYMS171  

miR-203 p63172 ABL1173 

miR-205 ZEB1116 , SIP1116, SHIP2174 

ErbB3/HER3175, VEGF-A175, 

INPPL1174, MED1176 

miR-21 PTEN177, TPM1178, E2F1, 

TGFBR2, CDK6179, TIMP3, 

PDCD4179, SERPINB5180, NFIB181, 

BTG2179, BMPR2179, IL6R179, 

IL6182, SOCS5179, CDC25A183, 

RECK184, MTAP185, SOX5185, 

JAG1186, MARCK5187, LRRFIP1188 



3.4.1 miR-203 and miR-205 are enriched in oesophageal, squamous 
epithelia compared with columnar epithelia  

 

miR-203 and miR-205 were highly expressed in squamous epithelium, compared to 

columnar epithelia. Previous investigations have also reported high levels of miR-

203 expression in other squamous epithelia, such as skin and the upper respiratory 

tract189, 190. miR-203 has been shown to control stem-cell renewal in stratified 

epithelia through regulation of p63 and, possibly, Zfp281191. It is possible that similar 

control of differentiation is lost in columnar-lined oesophageal mucosa.  

 

miR-205 has been reported to be up regulated in head and neck squamous cancer cell 

lines, bladder cancer, and ovarian cancer190, 192, 193, and down-regulated in breast194 

and prostate cancer195. Compared to gastric epithelium, miR-205 levels were 

significantly higher in Barrett’s oesophagus and oesophageal adenocarcinoma. 

Whether this implies a cancer-associated role for miR-205 in columnar epithelia, 

even at relatively low levels compared to squamous epithelium, however, remains to 

be shown.  

 

3.4.2 miR-194 and intestinal metaplasia 

  
miR-194 is up regulated in Barrett’s oesophagus compared with squamous 

oesophageal epithelia196. miR-194 expression is regulated by HNF-1α, a transcription 

factor induced in Barrett’s oesophagus and oesophageal adenocarcinoma197. A study 

by Hino et al.197 also showed that miR-194 expression is induced during intestinal 

epithelial cell differentiation. Taken together these results could suggest that elevated 

miR-194 expression may promote intestinal differentiation in Barrett’s oesophagus.  

 

3.4.3 Elevated miR-143 and miR-145 and Barrett’s oesophagus 
development 

 

miR-143 and miR-145 are highly expressed in columnar tissues from the upper 

gastrointestinal tract. Also, miR-143 and miR-145 are expressed in many tissues, but 



show high expression in human colonic tissues109. Evolutionary conservation of 

strong miR-143 and miR-145 expression in the zebra fish gastrointestinal tract 

suggests that these miRNAs play important roles in controlling intestinal identity and 

function198. In support of this hypothesis miR-145 has been implicated in directing 

intestinal maturation in zebra fish199. Furthermore, during the course of my PhD 

studies I demonstrated that elevated miR-143 and miR-145 expression is observed in 

gastroesophageal reflux disease, the underlying pathology associated with the 

development of Barrett’s oesophagus (See chapter 4).  

 

3.4.4 miR-21 expression is up regulated in Barrett’s oesophagus and 
oesophageal adenocarcinoma 

 

miR-21 expression is up regulated in gastric tissue, Barrett’s oesophagus and 

oesophageal adenocarcinoma, compared with squamous oesophageal epithelia200. 

miR-21 has been demonstrated to act as an onco-miR in a number of solid tumours201 

and appears to be a key requirement for maintaining B-cell lymphoma202. In addition, 

elevated miR-21 has been implicated in many cellular processes required for 

neoplastic development and progression. Elevations in miR-21 have been shown to 

promote survival in myeloma cells203, confer apoptotic resistance in prostate cancer 

cells187, increase cell proliferation, migration and invasion in heptocellular carcinoma 

cells204, and increase invasion and metastasis in colorectal cancer cells205.  

 

Although miR-21 is classified as an oncogene its up-regulation in non-malignant 

Barrett’s oesophagus may have an alternate role. Increased miR-21 expression in 

breast cancer cells has been shown to play an anti-apoptotic role by repressing 

programmed cell death (PDCD) 4 translation179, and miR-21-induced suppression of 

PDCD4 protects cardiac myocytes from apoptosis induced by oxidative stress206. 

Reactive oxygen species are known to be produced in Barrett’s oesophagus and, 

when considered with the higher miR-21 expression in Barrett’s epithelium 

compared with squamous mucosa, it is possible that miR-21 also plays a protective 

role in Barrett’s oesophagus epithelium.  

 

 



3.4.5 miR-143, miR-145 and miR-215 are down-regulated in oesophageal 
adenocarcinoma and may act as tumour suppressor miRNAs 

 
miR-143, miR-145 and 215 are down-regulated in oesophageal adenocarcinoma196. 

Similar alterations are observed in other expression profiling studies, where miR-

143, 145 and 215 are all down-regulated in colonic adenocarcinoma109, 207, as well as 

numerous other solid tumours including lung, breast and prostate cancer208, 209. 

 

Some specific roles for miR-143, 145, and 215 in carcinogenesis have been 

elucidated. miR-143 has been shown to target the KRAS oncogene, suppressing 

colorectal cancer cell growth via inhibition of KRAS translation210. Therefore, loss of 

miR-143 expression in oesophageal adenocarcinoma could result in a loss of KRAS 

regulation contributing to neoplastic development. Also, miR-143 has been shown to 

directly target DNMT3A in colorectal adenocarcinoma155. DNMT3A is implicated in 

directing specific gene methylation profiles and therefore aberrant regulation of 

DNMT3A in cancer could lead to methylation directed suppression of tumour 

suppressor genes155.  

 

In Jurkat T cells miR-143 up-regulation has been linked with the regulation of FAS 

mediated apoptosis211. miR-145 has also been implicated in regulating apoptosis via 

a negative feedback loop involving TP53, through direct targeting of STAT1 and 

DFF45 in colon cancer cell lines and also via direct targeting of rhotekin (RTKN) in 

breast cancer cell lines160, 162-164. Also, p53 has been shown to induce miR-145 to 

repress the apoptotic regulator c-myc159. Therefore, the loss of both miR-143 and 

miR-145 in the progression of Barrett’s oesophagus to oesophageal adenocarcinoma 

may alter the cells ability to direct appropriate apoptotic responses.  

 

Recent evidence implicates miR-145 with regulating invasion through direct 

targeting of mucin 1 (MUC1), v-yes-1 Yamaguchi sarcoma viral oncogene homolog 

1 (YES), fascin homolog 1, actin-bundling protein (Strongylocentrotus purpuratus) 

(FSCN1) and F11 receptor (JAMA)162, 165, 166, 212. Therefore, down-regulation of miR-

145 expression may contribute to tumour invasion in oesophageal adenocarcinoma. 

 

miR-215 acts in cooperation with miR-192 to regulate cell cycle events through their 



ability to induce cell cycle arrest168, 207. Loss of miR-215 expression causes a 

reduction in the ability of cells to regulate proliferation, a key neoplastic attribute. It 

is interesting that the loss of miR-215 expression in oesophageal adenocarcinoma 

compared to Barrett’s oesophagus was not predicted by our microarray results. This 

highlights the known limitations of micro-array analysis, and the need for separate 

validation by quantitative PCR based methods213. 

 

It is therefore possible that miR-143, 145 and 215 may act as tumour suppressors in 

Barrett’s oesophagus, with loss of expression contributing to the development of 

oesophageal adenocarcinoma. Investigation of some of the tumour suppressor 

properties of miR-143, miR-145 and miR-215 will be presented in chapter 5.   

 

3.4.6 Limitations 
 

A limitation of this study is that the squamous tissue used for analysis was taken 

from patients with Barrett’s oesophagus or oesophageal adenocarcinoma, rather than 

disease free control subjects. However, the use of control tissue from subjects with 

oesophageal pathology is still a valid approach, and it is informative of changes in 

miRNA expression across the range of tissues that represent the transition to 

oesophageal adenocarcinoma. Another possible criticism of this study was the 

possibility that outcomes could be influenced by heterogeneity of tissue types within 

individual segment of Barrett’s oesophagus. However, we did address this by 

splitting individual oesophageal biopsies to ensure matched histopathology was 

available for all samples used for molecular biology analysis, and this process 

minimized the possible impact of this problem.  

 

3.4.7 Comparing expression data with other studies 
 

Our finding of lower miR-203 and miR-205, and higher miR-21 in tumour relative to  

squamous epithelium is in agreement with the results of Feber et al.150. Interestingly, 

the differences we observed in miR-215, miR-143 and miR-145 between 

oesophageal squamous epithelium, Barrett’s epithelium and oesophageal 

adenocarcinoma were not reported by this group. The fact that our study includes 



Barrett’s oesophagus epithelium from patients who did not have malignancy, 

whereas the study by Feber et al used Barrett’s oesophagus epithelium only from 

patients undergoing oesophagectomy for cancer might account for this difference.  

 

After the study presented in this chapter began, other groups have reported 

differential miRNA expression in either Barrett’s oesophagus, dysplasia or 

oesophageal adenocarcinoma. A study by Fassan et al.214 reported among other 

miRNA changes a similar increase in miR-215 and decrease in miR-203 and miR-

205 to our reports in Barrett’s oesophagus. Mathe et al.215 compared non-cancerous 

tissue with oesophageal adenocarcinoma, presenting a similar increase in miR-21 

and decrease in miR-203 to our reports in these tissues. Maru et al.65 and Yang et 

al.216 reported miRNA expression changes in Barrett’s oesophagus, high-grade 

dysplasia and oesophageal adenocarcinoma. Maru et al.65 attempted to use miR-196a 

levels as a potential marker of Barrett’s oesophagus, high-grade dysplasia and 

oesophageal adenocarcinoma tissues. In assessing these tissue types Maru et al.65 

was able to show step-wise increases in miR-196a levels from Barrett’s oesophagus 

to high-grade dysplasia to oesophageal adenocarcinoma. Yang et al.216 assessed non-

cancerous and cancerous tissues from patients with high-grade dysplasia or 

oesophageal adenocarcinoma, showing that miRNA expression levels could 

distinguish non-cancerous from cancerous tissue in these patients. 

 

3.4.8 Summary  
 

Chapter 3 compares miRNA expression in squamous, Barrett’s oesophagus and 

oesophageal adenocarcinoma tissues. The results show that several miRNAs are 

differentially expressed in these tissues. Given the increasing evidence implicating 

miRNAs in the regulation of cellular processes discussed above, identifying the 

consequences of altered miRNA expression may provide a better understanding of 

the pathogenesis of Barrett’s oesophagus and oesophageal adenocacinoma.  



Chapter 4 

 Impact of gastroesophageal reflux on microRNA 
expression, location and function 

4.1 Introduction 
 

Gastroesophageal reflux disease affects up to 50% of Western populations7. As 

described in chapter 1, section 1.2.1, gastric physiology offers protection from 

exposure to acid and bile, although the oesophageal lumen is largely unprotected, 

lacking an adherent mucous barrier9. Patients with chronic reflux can present with 

endoscopically visible mucosal damage, and this manifests as mucosal ulceration 

(ulcerative oesophagitis)7. At the cellular level, ulcerative oesophagitis is associated 

with increased cell proliferation217 and apoptosis20. Increased inflammatory cell 

infiltrate218 and hyper-proliferation of basal cells are typical histopathological 

changes associated with gastroesophageal reflux217, 219. Additionally, our laboratory 

has shown previously that increases in interleukin 6 (IL6) and cytokeratin (CK) 14 

correlate with increased severity of reflux7. These are molecular markers of 

inflammation and basal cell hyperplasia, respectively. 

 

Barrett’s oesophagus is associated with a 40 fold increase in oesophageal 

adenocarcinoma risk220. Studying gene expression in gastroesophageal reflux might 

identify changes that promote progression to Barrett’s oesophagus and cancer. 

Previous reports have shown increased expression of genes that determine columnar 

or intestinal cell phenotype, such as BMP4 and CDX2, in squamous oesophageal 

epithelium from individuals with ulcerative oesophagitis221, 222. The implications of 

elevated BMP4 and CDX2 are highlighted in chapter 1, section 1.2.4. 

 

Chapter three described miRNAs that are differentially expressed in Barrett’s 

oesophagus compared to oesophageal squamous epithelium110. miR-203 and miR-

205 are expressed at higher levels in squamous epithelium, and miR-143, miR-145, 

miR-194 and miR-215 are expressed at higher levels in Barrett’s oesophagus. 



Currently, it is not known whether miRNA expression is altered in gastroesophageal 

reflux in the absence of Barrett’s oesophagus. Identifying altered miRNA expression 

might provide insight into the development of Barrett’s oesophagus. In this study we 

hypothesised that miR-203, 205, 21, 143, 145, 194 and 215 expression might be 

altered in oesophageal squamous mucosa in response to chronic gastroesophageal 

reflux.  

 

The aims of the study were to:  

 

1) Determine the expression of miRNAs known to be differentially expressed 

between normal squamous and Barrett’s oesophagus mucosa (miR-203, 205, 21, 143, 

145, 194 and 215) in oesophageal squamous epithelium from individuals with 

gastroesophageal reflux disease. 

 

2) Assess the location of miRNA activity within the oesophageal epithelium. 

 

3) Assess the role of these miRNAs in regulating proliferation and apoptosis, 

processes that contribute to tissue restoration. 

 

Quantitative RT-PCR was used to compare miRNA expression levels in oesophageal 

mucosa from individuals with or without gastroesophageal reflux, and individuals 

with Barrett’s oesophagus, and correlations between miRNA expression and known 

mRNA differentiation markers were determined. mRNA expression levels of IL6, 

CK14, BMP4, CK8, CK20, CDX2, HNF1α and GATA4 were assessed by real-time 

PCR. miRNA regulation of proliferation and apoptosis was evaluated following 

transfection of a cell line derived from oesophageal squamous tissue (Het-1A) with 

miR-143, miR-145 or miR-205 mimics. miRNA expression in the oesophageal 

mucosa in individuals with gastroesophageal reflux was localised using in-situ 

hybridisation. 

 

 

 



4.2 Tissue samples - collection, histopathology and RNA extraction  
 

Oesophageal mucosal fresh tissue biopsies were collected from individuals 

undergoing upper gastrointestinal endoscopy. Full details of the RNA extraction 

procedure are described in chapter 2, section 2.2.1. In the current study we used 

mucosal biopsies collected from the oesophageal squamous mucosa 5 cm above the 

gastroesophageal junction from individuals who, based on clinical and endoscopic 

criteria, were determined to not have gastroesophageal reflux disease (Controls, 

n=13), and from individuals with typical symptoms of gastroesophageal reflux with 

ulcerative oesophagitis at endoscopy assessment (n=10). Control patients recruited 

for this study were individuals who at endoscopy had a visibly normal oesophageal 

mucosa, no other endoscopic indicators of gastroesophageal reflux disease, and no 

symptoms (or previous history) of gastroesophageal reflux disease7. Patients with 

ulcerative oesophagitis were included in the study if they had typical symptoms of 

gastroesophageal reflux disease (heartburn and regurgitation), and endoscopically 

visible mucosal ulceration (ulcerative oesophagitis — Savary Miller grade I to IV)7. 

In addition, the same RNA samples from Barrett’s oesophagus mucosal biopsies 

(n=20) described in chapter 3, section 3.2 were used in this study.  

 

Mucosal biopsy histopathology, storage, RNA extraction and quality control are 

described in chapter 3, section 3.2. Oesophageal mucosal tissue biopsies, used for in-

situ hybridization, were collected adjacent to those used to assess miRNA and 

mRNA expression by the same collection protocol described in chapter 3, section 

3.2. These biopsies were fixed immediately with 10% formalin and subsequently 

embedded in paraffin.  

4.3 Results: miRNA and mRNA quantitation by RT-PCR  
 

The expression of miRNAs miR-21, miR-143, miR-145, miR-194, miR-203, miR-

205 and miR-215 and mRNA expression of markers IL6, CK14, BMP4, CK8, CK20, 

CDX2, HNF-1α and GATA4 in the different types of oesophageal squamous mucosa 

was determined by RT-PCR (chapter 2, sections 2.2.2 (miRNA) and 2.2.3 (mRNA)). 

Due to limited RNA, miR-145 expression was only assessed in ten of the 13 controls. 

The expression levels of miRNAs were correlated with the mRNA expression level 



of squamous epithelial markers of inflammation and basal cell hyperplasia as well as 

markers of gastric and intestinal differentiation (chapter 2, section 2.2.7). All miRNA 

expression was normalised to RNU44 levels and mRNA expression was normalised 

to ß-actin levels. 

 

Table 4.1 summarizes the expression of the evaluated miRNA and mRNA markers. 

The expression of miR-21, miR-143, miR-145, miR-194 and miR-215 was 

significantly higher and miR-203 and miR-205 expression was significantly lower in 

Barrett’s oesophagus mucosa compared to both types of squamous mucosa. The 

expression of miR-143 (Figure 4.1), miR-145 (Figure 4.2), and miR-205 (Figure 4.3) 

were also significantly higher in oesophageal mucosa from subjects with ulcerative 

oesophagitis compared to control tissues. There were no significant differences seen 

between the 2 squamous mucosae (with vs without reflux) for the expression of miR-

21, miR-194, miR-203 and miR-215.  

 

Table 4.2 summarizes correlations between miRNA and mRNA expression levels in 

oesophageal mucosal biopsies from individuals with ulcerative oesophagitis . There 

were significant positive correlations between the expression of miR-143 and CK8, 

miR-143 and BMP4, miR-194 and CK8, miR-194 and CK20, miR-194 and GATA-4, 

miR-194 and HNF-1α, miR-194 and CDX2, miR-215 and CK8, miR-215 and IL6. 

miR-205 was correlated negatively with CK14.  



Table 4.1: miRNA expression in oesophageal mucosa from control subjects, 

individuals with ulcerative gastroesophageal reflux disease or Barrett’s oesophagus. 

Relative expression values are expressed as median (95% confidence intervals).  

  Controls (n=13) Reflux (n=10) 

Barrett’s 
oesophagus 

(n=20) 

 

P-value 
miR-143 0.000157 0.000361 0.0102 <0.0001 

  (0.000171, 0.000317) (0.000160, 0.00130) (0.00601, 0.0306)   
miR-145 0.00846 0.0177 0.045 <0.0001 

  (0.00458, 0.0101) (0.00956, 0.0363) (0.0333, 0.0115)   
miR-205 0.6721 1.73 0.014 <0.0001 

  (0.481, 1.061) (1.31, 2.54) (0.0485, 0.388)   
miR-21 0.604 0.459 3.16 <0.0001 

  (0.304, 0.977) (0.233, 1.25) (2.70, 4.52)   
miR-194 0.000138 0.000134 0.0633 <0.0001 

  (0.000101, 0.000213) (9.77-05, 0.000238) (0.0476, 0.107)    
miR-203 0.169 0.27 0.0278 <0.0001 

  (0.135, 0.265) (0.206, 0.336) (0.0256, 0.106)   
miR-215 5.99-05 5.45-05 0.0129 <0.0001 

  (-0.000180, 0.000716) (3.63-5, 0.000128) (0.00940, 0.0290)   
 

Comparison of 3 tissue types undertaken using the Kruskal-Wallis test. Significant 

differences were identified by post-hoc testing using the Holm-Bonferroni method. 

Results of post-hoc testing: Control vs. Reflux - miR-143 (P=0.0101), miR-145 

(P=0.0115) & miR-205 (P=0.00260),  and Reflux vs. Barrett’s oesophagus - miR-

143 (P<0.0001) miR-145 (P=0.0012), miR-205 (P<0.0001), miR-21 (p<0.0001), 

miR-194 (p<0.0001), miR-203 (p=0.0002) & miR-215 (P<0.0001). The expression 

data from Barrett’s oesophagus mucosa in this table has been published elsewhere14 

and reported in Chapter 3. 



Figure 4.1: TaqMan® analyses of relative miR-143 levels in normal squamous 

tissue, gastroesophageal reflux disease with ulcerative oesophagitis and Barrett’s 

oesophagus. Data presented is median miR-143 expression normalised to RNU44 

levels. 95% confidence intervals are shown for each tissue group. 

 



Figure 4.2: TaqMan® analyses of relative miR-145 levels in normal squamous 

tissue, gastroesophageal reflux disease with ulcerative oesophagitis and Barrett’s 

oesophagus. Data presented is median miR-145 expression normalised to RNU44 

levels. 95% confidence intervals are shown for each tissue group. 

 



Figure 4.3: TaqMan® analyses of relative miR-205 levels in normal squamous 

tissue, gastroesophageal reflux disease with ulcerative oesophagitis and Barrett’s 

oesophagus. Data presented is median miR-205 expression normalised to RNU44 

levels. 95% confidence intervals are shown for each tissue group. 



 

Table 4.2: Correlations between miRNA and mRNA differentiation marker 

expression levels in oesophageal mucosa from individuals with gastroesophageal 

reflux and ulcerative oesophagitis. 

 

miRNA 
Gene of 
interest r value p-value 

miR-143 BMP4 0.802 0.0038 

miR-143 CK8 0.591 0.032 

miR-194 CK8 0.644 0.0198 

miR-194 CK20 0.507 0.0308 

miR-194 GATA4 0.785 0.0008 

miR-194 HNF1α  0.619 0.0086 

miR-194 CDX2 0.562 0.0168 

miR-205 CK14 -0.587 0.034 

miR-215 CK8 0.6 0.03 

miR-215 IL6 0.697 0.0118 

 

All data are correlation coefficients (Rho = r value) determined using Spearman’s 

test 

4.3.1 Het-1A Cell Culture and miRNA over expression 
 

To assess the impact of selected miRNAs on proliferation and apoptosis in 

oesophageal epithelial cells miR-143, miR-145 or miR-205 mimics were transfected 

into Het-1A cells (Methods, chapter 2, section 2.2.5), a cell line derived from 

oesophageal squamous tissue7, 146. Proliferation and apoptosis was measured 24 and 

48 hr post transfection and results were compared in cells transfected with miR-143, 

miR-145 or miR-205 mimics and cells transfected with a negative control probe 

(Methods, chapter 2, sections 2.2.6 & 2.2.7). 

 

Figure 4.4 summarizes the effect of transfecting miR-143, miR-145 or miR-205 

mimics into the cell line. Transfection induced increases in miR-143, miR-145 or 

miR-205 levels were associated with significantly decreased proliferation and 



significantly increased apoptosis (p<0.05, Mann-Whitney test). The median fold 

increase in miR-143, miR-145 and miR-205 levels, 24 hours after transfection, is 

presented in Figure 4.5. 



Figure 4.4: Cell proliferation (A) and apoptosis (B) levels in Het-1A cells 48h after 

transfection with miR-143 (A: p=0.00567, B: p=0.00135), miR-145 (A: p<0.0001, B: 

p=0.001348) or miR-205 (A: p=0.000325, B: 0.000931). Data are represented as a 

percentage of the negative control. The mean standard error is shown for each group. 

Decreased proliferation (A) and increased apoptosis (B) were observed for all 

miRNAs. 



Figure 4.5:  A comparison of relative miR-143, miR-145 and miR-205 levels 24 

hr after transfection with a miRNA mimic. Relative miRNA levels were normalised 

to RNU44 expression. Data points represent the fold increase in miRNA levels in 

miRNA mimic transfected cells compared with cells transfected with the negative 

control probe. 95% confidence intervals are shown for each group. 

 



4.3.2 Spatial expression of miR-143, miR-145 and miR-205 in 
oesophageal biopsies 
 

To localise miRNA activity within the oesophageal mucosa in-situ hybridisation was 

performed, probing against miRNAs elevated in ulcerative oesophagitis (chapter 2, 

1.2.7). Prior to in-situ hybridization, standard hematoxylin and eosin staining was 

performed on a slide from each tissue biopsy to confirm the tissue type. Hematoxylin 

and eosin stained sections showed elongated papillae and an enlarged basal layer, 

consistent with known gastroesophageal reflux histopathology (Figure 4.6-A). 

Staining for miR-143 (Figure 4.6-B), miR-145 (Figure 4.6-C) and miR-205 probes 

(Figure 4.6-D) revealed similar expression patterns to each other, with the most 

intense staining seen in the basal layer of the epithelium. Staining of both the 

cytoplasm and nucleus was seen, with greater staining intensity seen within the 

nucleus in most cells.  No staining was observed with the negative control duplex 

(Figure 4.6-E). 



Figure 4.6:  miRNA in-situ hybridization analysis in oesophageal mucosal 

biopsies from patients with gastroesophageal reflux and ulcerative oesophagitis. A: 

Staining with hematoxylin and eosin. The basal layer, papillae and differentiated 

squamous epithelium are clearly visible. B, C, D and E: Hybridization with LNA-

probes for miRNAs miR-143 (B), miR-145 (C) and miR-205 (D), and LNA-negative 

control (E). No hybridization was observed with the LNA-negative control probe. A 

region from each section has been magnified 100x. In A, rounded nuclei in the 

oesophageal epithelium are evident. B, C & D depict the cytoplasmic and punctate 

nuclear staining observed for each miRNA. 



4.4 Discussion 

 
miRNA regulation of gene expression has been implicated in most cellular 

processes223, and as discussed in chapter 3 it probably plays a role in the 

development of Barrett’s oesophagus and cancer. If the role of miRNAs in this 

development can be understood, then miRNA expression patterns might be useful 

biomarkers for the clinical assessment and management of oesophageal cancer and 

precursor pathologies. Chapter 3 compares miRNA expression in normal squamous 

oesophageal epithelium with Barrett’s oesophagus and shows increased expression 

of miR-21, miR-143, miR-145, miR-194 and miR-215, and decreased expression of 

miR-203 and miR-205 in Barrett’s oesophagus. As gastroesophageal reflux pre-

disposes to the development of Barrett’s oesophagus, and its subsequent progression 

to adenocarcinoma, further investigation of these miRNAs in the earlier context of 

gastroesophageal reflux was undertaken.  

 

4.4.1 Increased miRNA expression in patients with gastroesophageal 
reflux disease correlates with mRNA differentiation marker 
expression  

 

Elevated miR-143 and miR-145 levels are observed in the oesophageal mucosa from 

subjects with gastroesophageal reflux with ulcerative oesophagitis, and this extends 

the previous observation of elevated miR-143 and miR-145 expression in Barrett’s 

oesophagus epithelium110 (chapter 3, section 3.3) to an earlier stage in the reflux - 

Barrett’s oesophagus - adenocarcinoma sequence. Alterations in miR-143 and miR-

145 expression might occur at an early stage in the development of Barrett’s 

oesophagus. In support, positive correlations were observed when comparing the 

expression of miR-143 and CK8, and miR-143 and BMP4, in the oesophageal 

mucosa from individuals with reflux. The BMP4 pathway is activated in the 

oesophageal mucosa in both ulcerative oesophagitis and Barrett’s oesophagus, and 

this promotes the expression of columnar gene markers221. Further, CK8 is a known 

marker of columnar epithelia224. Taken together, these correlations with BMP4 and 

CK8 support an association between elevated miR-143 expression and a columnar 

cell phenotype.  Also, miR-143 and miR-145 expression is still significantly higher 



in Barrett’s oesophagus mucosa compared to all types of squamous mucosa (Table 

4.1). Therefore, if these miRNAs have a role in the metaplastic conversion of a 

squamous to a columnar cells they may need to reach a threshold level before 

metaplasia develops. Significant correlations were also identified between miR-194 

expression and CK8, CDX2, GATA4 and HNF1α mRNA levels. As discussed in 

chapter 1, section 1.2.4, CDX2, GATA4 and HNF1α are key transcription factors that 

determine the gastric and or intestinal epithelial phenotype and these are enriched in 

Barrett’s oesophagus45, 54, 224, 225. miR-215 levels also correlated with CK8, a 

columnar marker, and IL6 an inflammatory marker which correlates with reflux 

severity7. However, neither miR-194 or miR-215 displayed significantly elevated 

expression in gastroesophageal reflux squamous tissue in this study. Accordingly, it 

is important not to over interpret these correlations. 

 

4.4.2 Increased miRNA expression in patients with gastroesophageal 
reflux disease may regulate proliferation and apoptosis at the basal 
layer of the oesophageal epithelium 

 

Two major hallmarks of oesophageal squamous mucosa in the presence of ulcerative 

oesophagitis include increased proliferation and apoptosis7, 20, 217. Given the known 

association of miR-143, miR-145 and miR-205 with proliferation and apoptosis their 

function was assessed in the context of these cellular processes using a non-

neoplastic oesophageal cell line146. Reduced proliferation and increased apoptosis 

was observed in the cells following transfection with miR-143, miR-145 and miR-

205 mimics. Restoring miR-143, miR-145 or miR-205 expression in cancer cell 

models has also been shown to reduce cell proliferation and increase apoptosis175, 195, 

209, 211, 226. This study also used in-situ hybridisation to identify the spatial expression 

of miR-143, miR-145 and miR-205 and identify where these miRNAs might be 

active in the oesophageal mucosa. In ulcerative oesophagitis miR-143, miR-145 and 

miR-205 staining intensity was greatest in the basal layer of the oesophageal 

epithelium, and it is possible that these miRNAs might direct anti-proliferative and 

pro-apoptotic effects within this layer. The pro-apoptotic effects of transfection with 

miR-143, miR-145 or miR-205 mimics may reflect the physiological apoptotic 

response observed in the oesophagus following reflux exposure. However, the 

reduction in proliferation suggests otherwise20, 217. It is possible that up-regulation of 



miR-143, miR-145 or miR-205, and the associated anti-proliferative effect, might 

counterbalance hyperplasia in the basal layer of the oesophageal epithelium. In 

support of this, an inverse correlation was identified between miR-205 and CK14, a 

marker of basal cell hyperplasia and squamous restoration. Taken together, these 

results suggest that miR-143, miR-145 and miR-205 might suppress proliferation or 

promote apoptosis in the basal layer of the oesophageal epithelium.  

 

4.4.3 Nuclear localisation of miR-143, miR-145 and miR-205 
 

In-situ hybridization staining for miR-143, miR-145 and miR-205 appeared to be 

both nuclear and cytoplasmic. Nuclear staining has been reported for miR-145227 in 

breast myoepithelium, but this study is the first to show nuclear staining for miR-

143, miR-145 and miR-205 in the oesophagus. Nuclear localisation of mature 

miRNAs is surprising, as they are typically known to exert their effects in the 

cytoplasm. However, recent studies also describe the nuclear localisation of mature 

miRNAs228, 229 and suggest that nuclear miRNAs can direct biological processes230. 

For example, a recent study by Taft et al.230 sequenced THP-1 cell line RNA 

obtained from the nucleus and found that the miR-15/16 cluster was enriched in the 

nucleus when compared with matched cytoplasmic RNA, and hypothesized this 

cluster may be involved in epigenetic regulation inside the nucleus. Based on our in-

situ hybridisation results, miR-143, miR-145 and miR-205 may regulate gene 

expression in the nucleus of oesophageal epithelial cells.  

 

4.4.4 Limitations 
 

This study has some limitations.  Firstly, this study did not compare differences in 

miRNA expression between genders. Identifying differences in miRNA expression 

between genders may help explain why males are more likely to develop Barrett’s 

oesophagus than females231. Secondly, only miRNAs shown by Wijnhoven et al.110 

to be differentially expressed between normal squamous epithelia and Barrett’s 

oesophagus were assessed. As global miRNA expression changes were not assessed 

it is possible that the expression of other miRNAs may be altered in response to 

chronic reflux. Thirdly, a common transfection protocol was used to increase 



miRNA levels in Het-1A cells greater than physiological miRNA levels. This may 

impact on the biological relevance. However, all assay results were compared with 

Het-1A cells transfected with a negative control duplex at similar levels.  

 

4.4.5 Summary 
 

This study has shown miRNA expression is altered in the oesophageal mucosa from 

individuals with gastroesophageal reflux and ulcerative oesophagitis. These changes 

in miR-143, miR-145 and miR-205 expression appear to be most pronounced in the 

basal layer of the oesophageal epithelium. In the context of gastroesophageal reflux 

these expression changes might influence proliferation and apoptosis and thereby 

regulate epithelial restoration. It is reasonable to hypothesize that they could 

represent early molecular events preceding the development of Barrett’s oesophagus, 

although proving this will require further studies.  

 



Chapter 5 

 Loss of tumour suppressor miRNAs in Barrett’s 
oesophagus: links with neoplastic progression to 

oesophageal adenocarcinoma 

5.1 Introduction 

 
Oesophageal adenocarcinoma is a malignancy with poor prognosis74, 139. Studying 

Barrett’s oesophagus, a pre-malignant lesion, and the only identifiable precursor to 

oesophageal adenocarcinoma, provides an opportunity to investigate molecular 

changes that may contribute to the development of oesophageal adenocarcinoma29, 

139.  

 

Although we observed differences in miRNA expression between Barrett’s 

oesophagus and oesophageal adenocarcinoma (Table 3.1) the implications of this 

altered miRNA expression in oesophageal adenocarcinoma development (if any) are 

unknown. It is clear that miRNAs play a role in neoplastic development and 

numerous studies have identified miRNAs acting as tumour suppressors82, 139. In this 

capacity, they may regulate hallmarks of neoplastic development, such as cellular 

proliferation and apoptosis232. Chapter three describes decreased levels of miR-143, 

miR-145 and miR-215 in oesophageal adenocarcinoma compared with Barrett’s 

oesophagus110. Chapter 3, section 3.4.5 also discusses miR-143 and miR-145 

regulation of proliferation and apoptosis and miR-215 regulation of cell cycle 

progression. These discussions highlight how decreased expression of miR-143, 

miR-145 or miR-215 might contribute to a decrease in proliferative and apoptotic 

control.  

 

From the expression data in chapter 3 we hypothesized that miR-143, miR-145 or 

miR-215 may act as tumour suppressors in Barrett’s oesophagus, and that restoring 

their expression levels in oesophageal adenocarcinoma would reduce proliferation 

and increase apoptosis. Key points for further study included testing this hypothesis, 



and determining the location of miR-143, miR-145 and miR-215 biological activity 

within Barrett’s epithelium.  

 

The aims of this study were to: 

 

1) Assess the impact of restoring miR-143, miR-145 or miR-215 on cell proliferation 

and apoptosis, processes that contribute to oesophageal adenocarcinoma 

tumorigenesis. 

 

2) Assess the location of miRNA activity within Barrett’s oesophagus epithelium.  

 

3) Investigate the global changes in gene expression that occur in response to 

restoring miR-143, miR-145 or miR-215 expression in oesophageal adenocarcinoma 

and quantify protein levels of genes relevant to proliferation and apoptosis. 

 

In this study regulation of proliferation and apoptosis by miRNAs was evaluated 

following transfection of an oesophageal adenocarcinoma cell line (OE-19) with 

miR-143, miR-145 or miR-215 mimics. After increasing miR-143, miR-145 or miR-

215 levels, global changes in gene expression were assessed at the RNA level by 

mRNA array and real time PCR, and at the protein level by Western blot. miRNA 

expression was localised in oesophageal mucosa from individuals with Barrett’s 

oesophagus and oesophageal adenocarcinoma using in-situ hybridisation. 

 

5.2 Results: OE-19 cell culture and miRNA over-expression 
 

To assess the impact of miRNA down regulation in oesophageal adenocarcinoma on 

proliferation and apoptosis miR-143, miR-145 or miR-215 were over expressed in 

OE-19 cells (Methods, Chapter 2, section, 2.2.5), an oesophageal adenocarcinoma 

derived cell line. Three separate transfection experiments (labelled (1), (2) and (3) in 

Figure 5.1) were performed for each of miR-143, miR-145 and miR-215. In these 

transfection experiments, varying increases in miRNA levels were observed 

compared with negative controls (Figure 5.1 A – C). RNA harvested from 

transfection experiment (1) was used for mRNA array analysis and PCR validation 



of mRNA array indicated increases in mRNA expression. Protein harvested from 

transfection experiment (2) was used for western blot analysis. RNA harvested from 

transfection experiment (3) was used for PCR validation of mRNA array indicated 

decreases in mRNA expression. Transfection experiment three (miR-143 (3)) did not 

appear to increase miR-143 levels when compared with the negative control. In 

addition, overall transfection of miR-143 resulted in much lower increases in miRNA 

expression when compared with the increases observed for miR-145 and miR-215 24 

hr post transfection. miRNA over expression was associated with significantly 

decreased proliferation and significantly increased apoptosis (Figure 5.2 A - B).  



Figure 5.1 (A – C): A comparison of relative miR-143 levels (A), miR-145 levels 

(B) and miR-215 levels (C) 24 hr after transfection with a miRNA mimic. Relative 

miRNA levels were normalised to RNU44 expression. Three separate transfection 

experiments were performed and varying increases in miRNA levels compared with 

negative controls were observed. Data points represent the fold increase in miRNA 

levels in miRNA mimic transfected cells compared with cells transfected with the 

negative control probe.      
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Figure 5.2 (A – B): Cell proliferation (A) and apoptosis (B) levels in OE-19 cells 

were assessed 24 & 48h after transfection with miR-143, miR-145 or miR-215 (n=8 

for each miRNA). Data are represented as a percentage of the negative control. 

Increased miRNA expression levels were confirmed for each of miR-143, miR-145 

and miR-215 and are shown in transfection group (1) of Figure 5.1. Decreased 

proliferation (A) was observed for miR-143 (24 hr: p=0.164; 48 hr: p=0.0312), miR-

145 (24 hr: p=0.0111; 48 hr: p=0.000931) and miR-215 (24 hr: p=0.0262; 48 hr: 

p=0.000931) while increased apoptosis (B) was observed for miR-143 (24 hr: 

p=0.00690; 48 hr: p=0.0205) and miR-215 (24 hr: p=0.000155; 48 hr: p=0.00160). 

All negative control - miRNA mimic comparisons were assessed for significance 

(p<0.05) using the Mann-Whitney test.  

 

!
(n=10 for all groups) (n=8 for all groups)

 

 

Decreased proliferation and increased apoptosis was confirmed in independent 

transfection experiments (n=2 experimental replicates). In the second transfection 

experiment, decreased proliferation was confirmed for miR-143 (24 hr: p=0.185; 48 

hr: p=0.0140), miR-145 (24 hr: p<0.0001; 48 hr: p=0.0207) and miR-215 (24 hr: 

p=0.0316; 48 hr: p=0.0192) while increased apoptosis was confirmed for miR-143 

(24 hr: p=0.08213; 48 hr: p<0.0001) and miR-215 (24 hr: p=0.0821; 48 hr: 

p=0.000445). 



5.2.1 Changes in gene expression post miRNA transfection 
 

Changes in global gene expression were assessed 24 hr post transfection by 

microarray analysis (Methods, chapter 2, section 2.2.9). However, after routine 

statistical analysis and step-up adjustment (ANOVA with multiple statistical 

comparisons Benjamini-Hochberg p-value adjustment149) (Methods, chapter 2, 

section 2.2.9) no genes were indicated as being differentially expressed.  

 

Changes in mRNA levels in response to targeting from miRNAs can be small in 

magnitude233, 234. For example, studies by Selbach et al.233 and Lim et al.234 used 

mRNA arrays to assess mRNA levels in HeLa cells after increasing miRNA levels. 

Selbach et al.233 reported that miRNAs directed numerous small decreases in mRNA 

levels, in the order of 20-50% (See supplementary Figure S5233), while Lim et al.234 

reported decreases in mRNA levels as low as 40% (see supplementary Table 2234).  

As the current array experiment only used 3 replicates for each miRNA or negative 

control mimic, it was hypothesised that small changes in mRNA expression may 

occur, but due to the limited number of technical replicates in the experiment the 

changes would fail to produce data robust enough to pass multiple statistical 

comparisons adjustment.  

 

To further assess the data, student-t statistical analysis (unpaired, two tailed, equal 

distribution) was performed on the mRNA array data. It was acknowledged that 

using the student t-test statistical analysis would increase the detection of false 

positive changes in mRNA expression. However, using student-t statistical testing, 

preliminary analysis of the mRNA array data identified small but statistically 

significant (p<0.05) changes in mRNA expression. Therefore, I aimed to use PCR 

(Methods, chapter 2, section 2.2.3) to quantitatively validate changes in genes that 

had known roles in regulating proliferation and apoptosis and were indicated as 

being significantly differentially expressed (p<0.05) in the mRNA array.  

 

In all PCR experiments mRNA levels were assessed using TaqMan® gene expression 

assays (Primer details, chapter, 2.2.3) and compared in RNA from cells transfected 

with miR-143, miR-145 or miR-215 with RNA from cells transfected with the 



negative control. Potential differences in gene expression were assessed for statistical 

significance via a student-t statistical analysis. 

 

The main aim of the mRNA array analysis was to identify miRNA target genes (i.e. 

down regulated mRNAs). However, the first PCR validation step involved assessing 

the expression of genes indicated by the mRNA array as having the greatest change 

in expression, as these changes were hypothesised to be large enough to be 

quantitatively validated. For step one of the PCR analysis, a 20% change in gene 

expression compared with the negative control group was required. This cut-off was 

chosen because it corresponded to the lower end of the changes in mRNA levels 

observed in studies by Selbach et al.233. Seven genes reached >20% cut-off and had 

validated roles in either proliferation or apoptosis (Table 5.1). However, all of these 

genes were indicated by the mRNA array as being up regulated.  

 

Genes up regulated greater than 20% on the array included Cbp/p300-interacting 

transactivator, with Glu/Asp-rich carboxy-terminal domain, 2 (CITED2), early 

growth response 1 (EGR1), dual specificity phosphatase 10 (DUSP10), SLAM 

family member 7 (SLAMF7) and GTP binding protein over expressed in skeletal 

(GEM) after transfection with miR-143, GEM and DUSP10 after transfection with 

miR-145 and DUSP10, GEM, ankyrin repeat domain 1 (ANKRD1) and cysteine-rich, 

angiogenic inducer, 61 (CYR61) after transfection with miR-215 (array indicated 

increase and p-value shown in Table 5.2).  

 

PCR analysis showed increased expression of CITED2, EGR1, DUSP10, SLAMF7 

and GEM after transfection with miR-143, GEM after transfection with miR-145 and 

DUSP10, GEM, ANKRD1 and CYR61 after transfection with miR-215 (PCR 

validated increase and p-value shown in Table 5.2).  

 

Step one of the PCR analysis demonstrated that the student-t statistical analysis could 

be used to identify changes in mRNA expression, and these changes could be 

quantified using PCR. Interestingly, the fold increase in mRNA levels shown via 

PCR was much greater in magnitude compared with the percentage increase in 

mRNA levels indicated via the mRNA array (Table 5.2). This result provided 

confidence that the >20% cut-off may not be required and therefore this cut-off was 



removed from the gene selection criteria. In addition, as increasing miR-143, miR-

145 or miR-215 levels in OE-19 cells is known to reduce proliferation or increase 

apoptosis (Figure 5.2) the accuracy of the student-t analysis might have been further 

increased by only assessing the expression of genes known to be involved in these 

cellular processes. 

 

Table 5.1: Shows the genes that were both indicated by the mRNA array to be 

increased >20% and validated to play a role in 1) apoptosis and or 2) proliferation. 

The biological model used in each study and the reference/s are also provided.  

Transfected 
miRNA 

Gene 
Name 

Gene function in proliferation 
and/or apoptosis Biological model 

miR-143 CITED2 

1) ↑ induces apoptosis235. 
2) ↑ decreases cell 
proliferation236. 

1) colorectal cancer cells235. 
2) colorectal cancer cells236. 

  

miR-143 EGR1 

1) ↑ induces apoptosis237. 1) neuroblastoma cells237. 

  
miR-143, 

miR-145 or 
miR-215 DUSP10 

2) ↑ decreases cell proliferation238 2) prostate cancer cells238. 

  

miR-143 SLAMF7 

1) ↑ induces apoptosis239. 1) human natural killer cells239. 

  

miR-143, 
miR-145 or 
miR-215 GEM 

2) ↑ decreases cell proliferation240 
2) human peripheral blood T 
cells240. 

  

miR-215 ANKRD1 

1) ↑ induces apoptosis241. 1) lung carcinoma cells241 

  

miR-215 CYR61 

1) ↑ induces apoptosis242. 
2) ↑ decreases cell 
proliferation243. 

1) human skin fibroblasts242. 
2) endometrial cancer cells243. 

  

 



Table 5.2: PCR analysis of gene expression levels 24 hr after transfection with miR-

143, miR-145 or miR-215. Mean gene expression values, normalised to 18S are 

shown for seven genes indicated by mRNA array as being increased after miRNA 

transfection.  The fold increase in gene expression indicated by mRNA array and 

PCR analysis are also shown.  

Transfected 
miRNA Gene Name 

PCR - Mean Expression 
(miRNA mimic) 

PCR - Mean Expression 
(negative control) 

mRNA array 
indicated fold 
increase in mRNA 
level 

PCR indicated 
fold increase in 
mRNA level 

miR-143  CITED2 

    
0.222  
(p=0.0477) 

 2.91 
(p=0.0500) 

 7.93x10-6  

(-1.07x10-7, 1.59x10-5) 
 2.72 x10-6  

(1.83 x10-6, 3.61 x10-6) 

miR-143 EGR1 

    

0.246 (p=0.00312) 
 3.55 
(p<0.0001) 

 5.68 x10-5  

(4.88 x10-5, 6.47 x10-5) 
 1.60 x10-5  

(1.43 x10-5, 1.85 x10-5) 

miR-143 DUSP10 

    

0.308 (p=0.00207) 
 3.43 
(p=0.0101) 

 5.36 x10-6  
(1.82 x10-6, 8.89 x10-6) 

 1.56 x10-6  
(1.27 x10-6, 1.86 x10-6) 

miR-143 SLAMF7 

    

0.204 (p=0.00229) 
 3.33 
(p=0.0618) 

 2.13 x10-6  
(-3.59 x10-7, 4.63 x10-6) 

6.39 x10-7  
(4.50 x10-7, 8.27 x10-7)  

miR-143 GEM 

    
0.367 
(p=0.0001048) 

 4.91 
(p=0.0178) 

 3.39 x10-5  
(4.00 x10-6, 6.39 x10-5) 

 6.90 x10-6  
(5.28 x10-6, 8.52 x10-6) 

miR-145 DUSP10 

    

0.587 (p=0.00225) 
 2.82 
(p=0.0556) 

 4.42 x10-6  
(-1.61 x10-7, 9.01 x10-6) 

 1.57 x10-6 
(1.28 x10-6, 1.86 x10-6) 

miR-145 GEM 

    
0.281  
(p=0.0235) 

3.42 
(p=0.0144) 

 2.36 x10-5 
(6.32 x10-6, 4.08 x10-5) 

 6.89 x10-6 

(5.27 x10-6, 8.51 x10-6) 

miR-215 DUSP10 

    

0.277 (p=0.00137) 
1.76 
(p=0.0069) 

 2.77 x10-6 
(1.80 x10-6, 3.73 x10-6) 

 1.57 x10-6 
(1.27 x10-6, 1.86 x10-6) 

miR-215 GEM 

    
0.364 
(p=0.000146) 

 2.92 
(p=0.0056) 

 2.02x10-5 
(9.77 x10-6, 3.07 x10-5) 

 6.90 x10-6 

(5.28 x10-6, 8.52 x10-6) 

miR-215 ANKRD1 

 5.84x10-6  1.29x10-6 

0.336 (p=0.00189) 
4.52 
(p=<0.0001)  (4.70 x10-6, 6.97 x10-6)  (1.11 x10-6, 1.47 x10-6) 

miR-215 CYR61 

    
0.220  
(p=0.0115) 

 2.01 
(p=0.0011) 

 5.33 x10-6 
(4.05 x10-6, 6.60 x10-6) 

 2.65 x10-6 
(2.18 x10-6, 3.11 x10-6) 

 



Step one of the PCR analyses only assessed increased mRNA expression. In keeping 

with biological context of miRNA action, step two of the array analysis sought to 

identify mRNAs that might be repressed by increasing the levels of miR-143, miR-

145 or miR-215.   

 

The mRNA array data indicated that the significant decreases in mRNA expression 

were quite small in magnitude (The top 40 genes indicated by student-t test to be 

significantly down regulated for each miRNA are shown in Appendix 2, Tables 

A.2.1 – A.2.3). To provide confidence for assessing these small array indicated 

decreases in mRNA expression the array data set was searched for significant 

decreases in the expression level of predicted mRNA targets (miRecords, target 

prediction search 14 June 2010) of miR-143, miR-145 and miR-215. miRecords was 

chosen for miRNA target prediction as it incorporates results from the leading target 

prediction algorithms including DIANA-microT and TargetScanS (Target prediction 

programs reviewed in chapter 1, section 1.3.5. In total, the miRecords target 

prediction program incorporates data from 11 target prediction algorithms including, 

DIANA-microT 3.0, TargetScanS, Micro Inspector, miRanda, Mir Target 2, mi 

Target, NB miRTar, PicTar, PITA, RNA22, RNA hybrid.  

 

The mRNA levels of a number of predicted targets of miR-143, miR-145 and miR-

215 were indicated via array to be significantly decreased (Table 5.3). The predicted 

targets listed in Table 5.3, were identified by five or more of the prediction 

algorithms used by miRecords, with all targets being predicted by TargetScanS 

(www.targetscan.org). These genes (Table 5.3) were selected for PCR analysis in 

step two. This PCR analysis identified significant decreases in H2A histone family, 

member X (H2AFX), RTKN and poly(A) binding protein, cytoplasmic 4 (PABPC4) 

expression (Table 5.4 and Figures 5.3 – 5.5).  

 

 



Table 5.3: mRNA array data shows decreased mean mRNA expression levels of 

predicted miRNA targets (target prediction search 14 June 2010) after transfection 

with miRNA mimics of miR-143, miR-145 or miR-215 compared with the negative 

control.   

 

Transfected 

miRNA 

Gene 

Name 

Mean Expression 

(miRNA mimic) 

Mean Expression 

(negative control) 

mRNA array 

indicated fold 

decrease in 

mRNA level p-value 

miR-143 NUAK2 3.814 4.084 -7.093 0.0129 

miR-143 PC 5.447 5.738 -5.347 0.0309 

miR-145 RTKN 6.494 6.749 -3.915 0.0135 

miR-145 H2AFX 6.165 6.684 -8.424 0.0150 

miR-215 PABPC4 7.077 7.731 -9.238 0.0322 

miR-215 MECP2 5.857 6.131 -4.679 0.0212 

 

Table 5.4: PCR analysis of gene expression levels 24 hr after transfection with miR-

143, miR-145 or miR-215. Mean gene expression values, normalised to 18S are 

shown for six genes indicated by mRNA array as being decreased after miRNA 

transfection.  The fold decrease in gene expression quantified by PCR analysis and p-

value are shown.  

 

Gene ID 

Decreased 
expression 
indicated after 
transfection 
with: 

p-value on 
array 

Mean Expression 
(miRNA mimic)  

Mean Expression 
(negative control) 

p-value 
from PCR 
analysis 

NUAK2 143 0.0129  0.241 (0.133, 0.350)  0.172 (0.130, 0.214)  0.200 

PC  143 0.0309  1.59 (0.924, 2.26) 1.35 (0.992, 1.71)   0.489 

RTKN   

 2.99 (1.83, 4.15)  6.68 (4.99, 8.37)  0.000700    145  0.0135 

H2AFX   

 10.7 (8.02, 13.4)  22.0 (16.7, 27.4)  0.000400    145  0.0150 

PABPC4    

 6.96 (5.10, 8.83) 16.5 (12.4, 20.6)   <0.0001    215  0.0322 

MECP2    

 0.918 (0.665, 1.17)  1.03 (0.774, 1.29)  0.487    215  0.0212 

 



Figure 5.3: TaqMan® gene expression analyses of relative H2AFX levels cell lines 

24 hr after transfection with either a miRNA mimic or a negative control scramble 

probe. Data presented is mean H2AFX expression normalised to 18S levels. 95% 

confidence intervals are shown for each group. 
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Figure 5.4: TaqMan® gene expression analyses of relative RTKN levels cell lines 24 

hr after transfection with either a miRNA mimic or a negative control scramble 

probe. Data presented is mean RTKN expression normalised to 18S levels. 95% 

confidence intervals are shown for each group. 
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Figure 5.5: TaqMan® gene expression analyses of relative PABPC4 levels cell lines 

24 hr after transfection with either a miRNA mimic or a negative control scramble 

probe. Data presented is mean PABPC4 expression normalised to 18S levels. 95% 

confidence intervals are shown for each group. 
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5.2.2 Changes in protein expression post miRNA transfection 
 

While attempting to validate the mRNA expression changes presented above I 

sought independent evidence that biologically relevant miRNA target protein levels 

were repressed after increasing miRNA expression in vitro. Therefore, protein levels 

of selected validated miR-143, miR-145 or miR-215 targets were assessed by 

western blot. Western blotting was carried out on protein samples extracted 24 hr 

post transfection using methods and antibodies described in chapter 2, section 2.2.10. 

Validated targets of miR-143 (K-Ras153), miR-145 (RTKN160, YES162) and miR-215 

(denticleless homolog (Drosophila) (DTL)171) were chosen for assessment by western 

blot, as they are known to be involved in either proliferation or apoptosis153, 160, 162, 

171.  

 

Western blot analysis also involved assessing one predicted target of miR-143, 

Histone Deacetylase 7 (HDAC7). The rationale for assessing HDAC7 is described as 



follows. Increased mRNA expression of the pro apoptotic gene235 CITED2 was 

observed after increasing miR-143 levels (Table 5.2). A review of the literature 

identified evidence of butyrate mediated histone deacetylase (HDAC) inhibition 

triggering an increase in CITED2 expression236 and, selective inhibition of HDAC7 

inducing apoptosis in cancer cells244. As HDAC7 was listed as a predicted target of 

miR-143 in the miRecords search described in section 5.2.2 it was hypothesized that 

miR-143 might repress HDAC7 protein expression to direct an increase in apoptosis 

at least in part through the up regulation of CITED2 expression. To provide support 

for this miR-143 mediated mechanism of apoptosis, HDAC7 protein levels in miR-

143 transfected cells were also assessed via western blot 24 hr post miR-143 

transfection. 

 

Results of the western blot analysis are shown below in Table 5.5. Of the proteins 

assessed by western blot KRAS showed increased expression, while HDAC7 and 

RTKN showed decreased expression (Figures 5.6 – 5.8). The results of the western 

blot ananysis of YES and DTL protein levels are also shown (Figures 5.9 and 5.10) 



Table 5.5: Results from the western blot analysis of protein levels 24 hr after 

transfection with a miRNA mimic or negative control. Results shown are mean 

normalised band intensity with the band intensity for each protein assessed being 

normalised to GAPDH band intensity. Potential differences in normalized band 

intensity were assessed for statistical significance (p<0.05) via student-t statistical 

analysis. 

 

Protein 
Band Size 
(kDa) 

Expression 
assessed after 
transfection 
with: 

Mean 
Expression 
(miRNA 
mimic)  

Mean 
Expression 
(negative 
control) 

p-value from 
western blot 
band intensity 
comparison 

KRAS  21 
miR-143 
(n=8) 

0.234 0.136   

(0.140, 0.328) (0.107, 0.166) 0.034 

RTKN  62 

 miR-145 1.022 1.52   

(n=8) (0.611, 1.43) (1.27, 1.77)  0.046 

YES  58 

 miR-145 0.227 0.226   

(n=12) (0.143, 0.310) (0.154, 0.299)  0.995 

DTL  95 

 miR-215 0.1445 0.170    

(n=12) (0.102, 0.188) (0.124, 0.216)  0.367 

DTL  77 

 miR-215 0.145 0.164    

(n=12) (0.103, 0.187) (0.125, 0.203) 0.468  

DTL  28 

 miR-215 0.610  0.689   

(n=12) (0.419, 0.803) (0.399, 0.979)  0.235 

 HDAC7  102 

 miR-143  0.195  0.310   

 (n=8)  (0.143, 0.247)  (0.220, 0.401)  0.021 

 



Figure 5.6: Western blot analysis of KRAS (K-Ras153) protein expression in whole 

cell lysate 24 hr after transfection with either a miRNA mimic or a negative control 

scramble probe. Mean KRAS band intensity was normalised to mean GAPDH (34 

kDa) band intensity. GAPDH band intensity was obtained after re-blotting of the 

same membrane used to detect KRAS).  



Figure 5.7: Western blot analysis of RTKN (62 kDa160) protein expression in whole 

cell lysate 24 hr after transfection with either a miRNA mimic or a negative control 

scramble probe. Mean RTKN band intensity was normalised to mean GAPDH (34 

kDa) band intensity. GAPDH band intensity was obtained after re-blotting of the 

same membrane used to detect RTKN). 



Figure 5.8: Western blot analysis of HDAC7 (102 kDa) protein expression in whole 

cell lysate 24 hr after transfection with either a miRNA mimic or a negative control 

scramble probe. Mean HDAC7 band intensity was normalised to mean GAPDH (34 

kDa) band intensity. GAPDH band intensity was obtained after re-blotting of the 

same membrane used to detect HDAC7. 



Figure 5.9: Western blot analysis of YES (58 kDa) protein expression in whole cell 

lysate 24 hr after transfection with either a miRNA mimic or a negative control 

scramble probe. Mean YES band intensity was normalised to mean GAPDH (34 

kDa) band intensity. GAPDH band intensity was obtained after re-blotting of the 

same membrane used to detect YES. 



Figure 5.10: Western blot analysis of DTL (95, 77 and 28 kDa) protein expression in 

whole cell lysate 24 hr after transfection with either a miRNA mimic or a negative 

control scramble probe. Mean DTL band intensity was normalised to mean GAPDH 

(34 kDa) band intensity. GAPDH band intensity was obtained after re-blotting of the 

same membrane used to detect DTL. 

 



Figure 5.11 – 5.15:  miRNA in-situ hybridization analysis in oesophageal mucosal 

biopsies from patients with Barrett’s oesophagus (A), high grade dysplasia (B) and 

oesophageal adenocarcinoma (C). Hybridization with LNA-probes for miRNAs 

miR-143 (Figure 5.11), miR-145 (Figure 5.12), miR-215 (Figure 5.13), LNA-

negative control (Figure 5.14) and U6 (Figure 5.15). Intense miR-143, miR-145 and 

miR-215 staining was observed in Barrett’s oesophagus sections (Figures 5.11 – 5.13 

A), while no staining was observed for these miRNAs in high grade dysplasia or 

oesophageal adenocarcinoma tissue (Figures 5.11 – 5.13 B & C). * is used to mark 

the presence of muscle tissue in the oesophageal adenocarcinoma sections. These 

regions stain positive for miR-143 and miR-145 but not miR-215.  No hybridization 

was observed with the LNA-negative control probe (Figure 5.14 A – C). Intense 

staining for positive control U6 was observed in high grade dysplasia and 

oesophageal adenocarcinoma sections (Figure 5.15 B & C) showing that these 

sections are not refractory to staining.  



5.2.3 miR-143, miR-145 and miR-215 are detected in the crypts of 
Barrett’s oesophagus but are not detected in oesophageal 
adenocarcinoma   

 

In situ hybridization analysis (Methods, chapter 2, section 2.2.8) shows miR-143 

(Figure 5.11), miR-145 (Figure 5.12) and miR-215 (Figure 5.13) are detected 

throughout the Barrett’s oesophagus epithelium with intense staining in the crypts 

(Figures 5.11 A, 5.12 A and 5.13 A). Staining for miR-143, miR-145 and miR-215 

could not be detected in high grade dysplasia (Figures 5.11 B, 5.12 B and 5.13 B) or 

oesophageal adenocarcinoma sections (Figures 5.11 C, 5.12 C and 5.13 C) or in the 

Barrett’s oesophagus, high grade dysplasia or oesophageal adenocarcinoma sections 

probed using the negative control (Figure 5.14 A, B & C). The high grade dysplasia 

sample used for in-situ hybridisation was defined as carcinoma in-situ as it was 

obtained from a patient where no invasive cancer was detected. As miR-143, miR-

145 and miR-215 were not detectable in high grade dysplasia or oesophageal 

adenocarcinoma sections, in-situ hybridisation was used to probe for the small RNA 

housekeeping gene and positive control U6. Intense staining for U6 was observed in 

both high grade dysplasia and oesophageal adenocarcinoma sections (Figure 5.15 A 

& B) indicating that these sections were not refractory to staining. U6 staining was 

not performed on sections of Barrett’s oesophagus tissue. 

 

 Nuclear localization of miRNAs in Barrett’s Oesophagus epithelia 

 

Chapter 4 presented ISH data showing that miR-143, miR-145 localised to nuclei in 

the oesophageal squamous epithelium. In this study cytoplasmic staining could not 

be identified for miR-143, miR-145 or miR-215 in ISH carried out on sections from 

Barrett’s oesophagus epithelia. Distinguishing clear nuclear and cytoplasmic staining 

in Barrett’s oesophagus sections was not possible due to the majority of the cell 

being almost completely filled with mucus. The high mucus content compresses the 

cytoplasm and nucleus into a small area (Dr David Astill, histopathologist Dept of 

Anatomical Pathology, personal communication). 

 

 



5.3 Discussion: miR-143, miR-145 and miR-215 act as tumour 
suppressors in oesophageal adenocarcinoma 

 
miRNAs have been shown to act as tumour suppressors in many different cancers82, 

245. For miRNAs acting as tumour suppressors, decreased miRNA expression leads 

to loss of regulatory control of many cellular processes required for maintaining 

tissue homeostasis82. Chapter 3 describes decreased expression of miR-143, miR-145 

and miR-215 in oesophageal adenocarcinoma compared with Barrett’s 

oesophagus110. Decreased miRNA expression in oesophageal adenocarcinoma might 

provide an opportunity for biomarker development for use in the clinical assessment 

and management of oesophageal cancer. Also, investigation into the location of 

miRNA expression in Barrett’s oesophagus and oesophageal adenocarcinoma might 

help identify where lost miRNA function might contribute to neoplastic progression, 

and also identify specific regions of the cancerous epithelium to target 

therapeutically. As Barrett’s oesophagus can progress through varying grades of 

dysplasia to oesophageal adenocarcinoma, and decreased miRNA expression has 

been shown to contribute to cancer development, this study aimed to assess the 

consequences of decreased miRNA expression in oesophageal adenocarcinoma. 

 

5.3.1 Proliferative and apoptotic effects of restoring miRNA expression 
in oesophageal adenocarcinoma  

 

To investigate the effects of increasing the expression of miRNAs known to be down 

regulated in oesophageal adenocarcinoma, miR-143, miR-145 and miR-215 levels 

were increased in oesophageal adenocarcinoma cells (OE-19). Decreased 

proliferation and increased apoptosis is observed early in the progression of Barrett’s 

oesophagus to oesophageal adenocarcinoma246, 247. Given the known association of 

miR-143, miR-145 and miR-215 with proliferation and apoptosis, their function was 

assessed in the context of these cellular processes. Reduced proliferation and 

increased apoptosis was observed in OE-19 cells following over expression of miR-

143, miR-145 and miR-215 mimics. These results support studies in other cancer cell 

models where increased miR-143, miR-145 or miR-215 expression has also been 

shown to reduce cell proliferation and increase apoptosis157, 207, 248-250. Decreased 



miR-143, miR-145 or miR-215 expression likely contributes to the aberrant 

regulation of proliferation and apoptosis in oesophageal adenocarcinoma and 

therefore, restoring this decreased miRNA expression may be of therapeutic benefit 

in vivo.  

 

5.3.2 Loss of miRNA function in the crypts of Barrett’s oesophagus 
epithelia may contribute to the development of oesophageal 
adenocarcinoma 

 

To assess the location of miRNA function in Barrett’s oesophagus and identify 

regions where loss of miRNA function might contribute to abnormal proliferation 

and apoptosis, in-situ hybridisation was used to probe for miR-143, miR-145 and 

miR-215. In Barrett’s oesophagus miR-143, miR-145 and miR-215 staining intensity 

was greatest in the crypts of the epithelium. Therefore it is possible that these 

miRNAs might regulate proliferation or apoptosis within these areas. Dysplasia in 

Barrett’s oesophagus, a key step in adenocarcinoma development, appears to 

originate from Barrett’s oesophagus crypts251, and the highest degree of abnormality 

is generally seen in the deep regions of crypts, apposed to surface epithelia252. It is 

possible that loss of miR-143, miR-145 or miR-215 expression may occur in 

dysplastic crypts and this could disrupt the balance between proliferation and 

apoptosis, contributing to glandular crowding, a key hallmark of dysplasia251. When 

assessing oesophageal sections from areas of high grade dysplasia miR-143, miR-

145 and miR-215 staining was not detected suggesting that regulatory control of 

proliferation or apoptosis by these miRNAs may be lost prior to the development of 

oesophageal adenocarcinoma. However, while the observed decrease in miR-145 in 

dysplastic tissue is in keeping with work by Bansal et al.253, the ISH analysis of 

dysplastic tissue presented above was obtained from one patient and therefore future 

studies should assess multiple patients to provide more conclusive data. 



5.3.3 miRNA directed changes in gene expression may contribute to 
altered proliferation and apoptosis 

 

Global gene expression was assessed via mRNA array 24 hr after increasing miR-

143, miR-145 or miR-215 levels to identify miRNA induced changes in gene 

expression that might contribute to the observed reduction in proliferation and/or 

increase in apoptosis.  

 

 Decreased H2AFX levels 

 

Down regulation of H2A histone family, member X (H2AFX) mRNA expression was 

observed after increasing miR-145 levels. H2AFX has a role in cellular response to 

DNA damage254-256, and decreased H2AFX expression is associated with both 

increased rates of apoptosis and increased sensitivity to apoptotic induction257, 258.  

Similarly, miR-145 expression is induced in response to DNA damage106. Barrett’s 

oesophagus epithelium is associated with high levels of DNA damage254 and miR-

145 expression110. Elevated miR-145 expression in Barrett’s epithelium may in part 

be due to exposure to acid and/or bile (See14 and increased miR-145 expression in 

patients with gastroesophageal reflux disease, chapter 4, Figure 4.2). Given that 

reduced H2AFX expression is observed after increasing miR-145 levels it is possible 

that a miR-145 mediated decrease in H2AFX levels might be an important 

contributor to regulating apoptosis after DNA damage caused by acid and/or bile 

exposure.  

 

 Decreased RTKN levels 

 

Decreased RTKN mRNA and protein expression was observed after increasing miR-

145 levels. Luciferase reporter assays were not used to confirm direct targeting of 

RTKN by miR-145 (See Wang et al.160). However, the western blot analysis of 

protein expression provides strong support for direct targeting of RTKN by miR-145 

in Barrett’s oesophagus, with this function likely being lost in oesophageal 

adenocarcinoma.  



Increased RTKN levels promote cell survival through NFKB dependent down 

regulation of anti-apoptotic genes259. Increased miR-145 expression has been shown 

to increase apoptosis and decrease proliferation in breast cancer cells by targeting 

RTKN160. RTKN levels have not previously been studied in Barrett’s oesophagus or 

oesophageal adenocarcinoma. However, RTKN levels are increased in gastric cancer 

promoting cell survival260. Further,  miR-145 levels are decreased in this cancer.  

 

The results of the current study did not provide support for miR-145 directing 

increased apoptosis. However, given the results by Wang et al.160, they do indicate 

that increased miR-145 expression in oesophageal adenocarcinoma may contribute to 

the observed decrease in cell proliferation, at least in part through targeted repression 

of RTKN. ISH results suggest that the function of miR-145 is lost in high grade 

dysplasia (See253 and Figure 5.10B). Therefore, decreased miR-145 expression in 

dysplasia could result in a loss of regulatory control over RTKN and this may 

contribute to the abnormal levels of proliferation seen in dysplastic epithelia.   

 

 Decreased PABPC4 levels 

 

Decreased poly(A) binding protein, cytoplasmic 4 (PABPC4) mRNA expression was 

observed after increasing miR-215 levels. Decreased PABPC4 expression has been 

shown to direct reduced cell growth in E6 oncoprotein immortalized keratinocytes261, 

at least in part by reducing telomerase reverse transcriptase (hTERT) activity. While 

PABPC4 levels have not been assessed in dysplasia and oesophageal 

adenocarcinoma, hTERT activity is up regulated in these tissue types262.  Given that 

miR-215 has been shown by others to regulate cell proliferation207, decreased miR-

215 expression in high grade dysplasia and oesophageal adenocarcinoma might lead 

to increases in PABPC4 and hTERT expression, contributing to an increase 

proliferation. 

 

 miR-143 mediated apoptosis, links with CITED2 and HDAC7 

 

Increased CITED2 mRNA expression and decreased HDAC7 protein expression was 

observed after increasing miR-143 levels. Decreased CITED2 expression is 

associated with increased proliferation and invasive capacity in colon cancer236, 



while increased CITED2 expression promotes apoptosis in ulcerative colitis235. 

Therefore, targeted suppression of CITED2 in oesophageal adenocarcinoma may be 

of therapeutic benefit.  

 

Further, studies show that butyrate mediated HDAC inhibition triggers increased 

CITED2 expression236. Also, selective inhibition of HDAC7 alone induces apoptosis 

in uterine sarcoma244. Therefore, the decreased HDAC7 levels seen after increasing 

miR-143 levels provide support for an apoptotic mechanism mediated by miR-143. 

This mechanism involves increased miR-143 expression, directing decreased 

HDAC7 expression, which in turn increases CITED2 expression to promote 

apoptosis. While this mechanism has not been linked with Barrett’s oesophagus, 

studies by Gonzalez et al.263 have linked decreased CITED2 expression with 

increased apoptosis in response to DNA damage, a hallmark of reflux exposure and a 

likely contributor to the development of Barrett’s oesophagus14, 15, 254. Therefore, this 

miR-143/HDAC7/CITED2 mechanism of apoptosis might be an important regulator 

of apoptosis in Barrett’s oesophagus. This mechanism may be inactivated due to 

decreased miR-143 expression in oesophageal adenocarcinoma, promoting apoptotic 

resistance and invasion.    

 

 KRAS and miR-143 mediated apoptosis 

 

Western blot analysis identified increased KRAS protein levels. These results are not 

in keeping with those of others showing decreased KRAS expression after increasing 

miR-143 levels153, 245, 248.  

 

While it is unknown whether KRAS expression fluctuates in proliferating cell 

populations, we speculated that at the time of transfection, some cell populations 

might have expressed KRAS at higher levels than others. In light of this speculation, 

we hypothesized that these increased KRAS levels might confer a selective 

advantage.  

 

Studies by Wislez et al.264 show that chemokine (C-X-C motif) receptor 2 (CXCR2) 

is induced in alveolar epithelial cells by KRAS. Interestingly, CXCR2 expression has 

been shown to inhibit apoptosis in ovarian cancer265, and also protect against 



apoptotic induction from interferon-gamma in mouse oligodendrocyte progenitor 

cells266. While CXCR2 levels have not been studied in oesophageal adenocarcinoma, 

increased expression is observed in gastric cancer267. Taken together, the links 

between KRAS induced CXCR2 expression, CXCR2 mediated protection against 

apoptosis, and CXCR2 over expression in gastric cancer, provide support for a 

mechanism where transfected cells with the highest levels of KRAS expression might 

be protected against miR-143 mediated apoptotic induction, at least in part via a 

KRAS mediated increase in CXCR2 expression. While speculative, this mechanism of 

apoptotic protection could select for a population of cells with increased KRAS 

expression and account for the increase in KRAS protein expression observed after 

miR-143 transfection. 

5.3.4 The fold increase in miR-143 post transfection was lower than miR-
145 and miR-215 

 

miR-143 directed repression of genes involved in regulating cell proliferation and 

apoptosis by miR-143 could not be validated by PCR or western blot analysis. 

However, in general, the increase in miR-143 levels after transfection were small 

when compared with the increased miRNA levels obtained after transfecting miR-

145 or miR-215 (Figure 5.1). Also, miR-143 levels were not significantly increased 

in the RNA used for these experiments (Figure 5.1, miR-143 (3)).  

 

While the increase in miR-143 levels after transfection was much lower than that of 

miR-145 or miR-215 a distinct decrease in proliferation and increase in apoptosis 

was observed. These cellular responses were likely mediated through changes in 

gene expression mediated by miR-143. The miR-143 directed increase in apoptosis, 

may contribute to the lower levels of miR-143 observed after transfection. As the 

first RNA sample was extracted 24 hr after transfection, it is possible that cells with 

high levels of miR-143 underwent apoptosis, detached from the cell culture plate into 

the culture media and were removed as the culture media was substituted with 

TRIzol® during RNA extraction (Methods, chapter 2, section 2.2.1). Future 

experiments should extract RNA at earlier time points post transfection to harvest 

cells before apoptosis occurs, as these cells likely have the highest levels of miR-

143.  



 

5.3.5 Robust mRNA array data would streamline the process of 
identifying miRNA targets 

 

One aim of this study was to use an mRNA array to identify miRNA directed 

changes in gene expression that might contribute to reducing proliferation and/or 

increasing apoptosis. While the data generated from the mRNA array was sufficient 

to pursue this aim, a series of careful checks and selection criteria were required 

before changes in gene expression could be quantitatively validated.  

 

A more robust array data set would streamline the processes and the checks required. 

To produce this data set, future experiments should aim to reduce variability. These 

experiments could assess larger numbers of experimental replicates (e.g. n = 6 – 9 

samples) as this will increase the chance of identifying changes in mRNA expression 

using routine statistical analysis (Methods 2.1.10).  

 

5.3.6 Summary 
 

Results of this study have shown that decreased miRNA expression observed in 

oesophageal adenocarcinoma contributes to reduced apoptosis and proliferation in 

vitro. This reduction may be mediated through changes in gene expression directed 

by miR-143, miR-145 or miR-215. Expression of miR-143, miR-145 and miR-215 

appeared to be most pronounced in the glands of the Barrett’s oesophagus epithelium 

and expression of these miRNAs appears to be lost prior to the development of 

oesophageal adenocarcinoma. In the context of oesophageal adenocarcinoma 

restoring the expression of miR-143, miR-145 or miR-215 may be of therapeutic 

benefit although the next step in proving this will require analysis of these miRNAs 

in vivo. Further, these results demonstrate the biological significance of miR-143, 

miR-145 and miR-215 in oesophageal adenocarcinoma development, thereby 

providing support for the use of these miRNAs as diagnostic biomarkers in the 

Barrett’s oesophagus – dysplasia – adenocarcinoma sequence.  



Chapter 6 

 The expression of miR-200 family members is 
downregulated upon neoplastic progression of Barrett's 

oesophagus. 

6.1 Introduction 
 

The epithelium associated with Barrett’s oesophagus possesses secretory and 

absorptive cell types, and these closely resemble those found in normal gastric and 

intestinal epithelia22, 23. mRNA expression profiling studies confirm its similarity to 

gastric and duodenal epithelia24, 268, 269. However, a specific set of genes is also 

expressed in Barrett’s oesophagus, including genes associated with alterations in cell 

cycle, proliferation, apoptosis, stress response, and cellular migration pathways, and 

these distinguish it from all related gastrointestinal mucosae24. Other studies have 

confirmed unique phenotypic characteristics of Barrett’s epithelium that correspond 

with this specific gene expression profile. For example, unlike gastric and duodenal 

epithelia, cellular proliferation in Barrett’s oesophagus continues along the upper 

crypt and at the luminal surface, possibly due to abnormal cell cycle entry or exit141. 

Further, Barrett’s oesophagus epithelium expresses unusually high levels of anti-

apoptotic proteins270 and can mount a unique anti-apoptotic and proliferative 

response to reflux142-144, 271. 

 

The progression of Barrett’s oesophagus to dysplasia involves increased 

abnormalities in cell cycle and overall proliferation138. Neoplastic progression of 

Barrett’s oesophagus commonly occurs without obvious symptoms, and at the time 

of diagnosis most patients with oesophageal adenocarcinoma have local invasion or 

metastases272. A cellular process known as the epithelial to mesenchymal transition 

(EMT) appears to be a key step in tumour invasion273. As a result of this process 

there is a switch in cell phenotype where cells change from an epithelial to an 

invasive mesenchymal phenotype273. Several lines of evidence suggest that EMT is 

required for local invasion and metastasis274. EMT may involve inhibition of E-



cadherin expression and transition from epithelial to a fibroblastic cell type, with 

associated alterations in cellular adhesion and migration274. Evidence for EMT has 

been shown in numerous adenocarcinomas including those of the breast, prostate and 

colon273, 275. In addition, other studies have presented immunohistochemical, gene 

expression and cell line data that suggest a role for EMT in oesophageal 

adenocarcinoma276, 277. Initiation of EMT appears to require changes in cell 

signalling to promote an inflammatory tumour microenvironment278. Inside the 

tumour microenvironment of invasive cancers, increased expression of transforming 

growth factor beta (TGFB), an inflammatory mediator thought to promote EMT is 

commonly observed276, 279. TGFB is of particular interest in EMT as it in known to 

mediate decreased expression of key proteins and miRNAs required for maintaining 

an epithelial phenotype276, 279-282.  

 

The miR-200 family of microRNAs (miR-141, 200a, 200b, 200c and 429) are key 

regulators/inhibitors of EMT, and act to maintain the epithelial phenotype by 

targeting the expression of the E-cadherin transcriptional repressors ZEB1 and 

ZEB2116, 280, 283. Accordingly, the number of studies by others reporting down-

regulation of miR-200 family expression in cancer is increasing116, 280, 283, 286-289. In 

addition, members of the miR-200 family have recently been shown to affect other 

cell behaviours including proliferation, cell cycle and apoptosis284, 290, 291. 

MicroRNAs belonging to the miR-200 family are expressed on two separate 

transcripts, with miR-200a, miR-200b and miR-429 residing on chromosome one 

and miR-141 and miR-200c residing on chromosome 12 (Figure 6.1). This separate 

expression may explain why selective miR-200 family member down-regulation has 

been reported in other studies284, 292. These separate studies observe decreased miR-

141 expression in gastric cancer284 and decreased miR-200c expression in ovarian, 

breast or endometrial carcinoma292.  In addition, the miR-200 family share almost 

complete sequence homology (Figure 6.2), suggesting that there may be redundancy 

in gene regulation by miR-200 family members.   



 

Figure 6.1: The chromosomal locations of miR-200 family members include miR-

200a, miR-200b and miR-429 on a transcript from chromosome one and miR-141 

and miR-200c on a transcript from chromosome 12.  

 

(Reproduced from: Gregory et al.116) 

 

 

Figure 6.2: The miR-200 family members share almost complete sequence 

homology. A single nucleotide difference (shown red) is observed in the seed region 

of miR-200a and miR-141.  

 

(Reproduced from Gregory et al.116 with nucleotide ‘C’ coloured red).  



This study was designed because of the unique gene expression profile and cellular 

behaviour in Barrett’s oesophagus epithelium, the phenotypic features that 

characterise its neoplastic progression, and the potential relevance of EMT to 

oesophageal adenocarcinoma. This study was driven by the hypothesis that Barrett’s 

oesophagus epithelium may possess a miR-200 expression profile different to gastric 

and duodenal epithelia, and that down regulation of miR-200 family expression may 

occur upon progression to oesophageal adenocarcinoma. To investigate this 

hypothesis, this study aimed to determine the expression of miR-200 family 

members in gastric, duodenal and Barrett’s oesophagus epithelium, and to assess 

changes in their expression upon neoplastic progression of Barrett’s oesophagus.  

 

The aims of the study were to:  

 

1) Assess and compare miR-200 family expression in non-cancerous Barrett’s 

oesophagus epithelium with gastric and duodenal epithelium. 

 

2) Assess and compare miR-200 family expression in non-cancerous Barrett’s 

oesophagus epithelium with oesophageal adenocarcinoma epithelium, and relate this 

to the expression of ZEB1 and ZEB2. 

 

3) Assess whether changes in miR-200 family expression might occur early in the 

development of oesophageal adenocarcinoma by assessing miR-200 family 

expression in two dysplastic cell lines and Barrett’s oesophagus biopsies from 

patients with oesophageal adenocarcinoma.   

 

6.2 Tissue collection and processing 
 

Tissues from patients diagnosed with either Barrett’s oesophagus (n=17) or 

oesophageal adenocarcinoma (n=20) were collected at endoscopy or after surgical 

resection as described in chapter 3, section 3.2. Details of the collection process, 

patient clinical details, tissue specimen histology (chapter 3, section 3.2), and RNA 

isolation from tissues (methods, chapter 2, section 2.2.1) have been described earlier 

in the thesis. RNA was also extracted from cell lines derived from benign Barrett’s 



oesophagus (Qh) and high grade dysplastic (Ch and Gi) epithelium293 using TRIzol® 

(methods, chapter 2, section 2.2.1). Dr George Mayne extracted RNA from the Qh, 

Ch and Gi cell lines.  

 

6.2.1 Quantitative RT-PCR analysis of miR-200 family, ZEB1 and ZEB2 
expression 
 

miR-200 expression was determined using commercially available TaqMan 

miRNA assays (methods, chapter 2, section 2.2.2). ZEB1 and ZEB2 mRNA 

expression was assessed using the Quantiscript RT kit for reverse transcription and 

the Quantitect SYBR Green mastermix for PCR (methods, chapter 2, section 

2.2.3). Statistical analysis and correlation methods are described in methods, chapter 

2, section 2.2.7. In addition to miR-200 expression, we also tested miR-215 because 

decreased expression of this microRNA was observed in oesophageal 

adenocarcinoma (chapter 3, Table 3.1) and it was also recently shown to directly 

target ZEB2170.  

 

6.3 Results: miR-200 family expression in Barrett’s oesophagus, 
gastric and duodenal epithelia 

 

Quantitative RT-PCR showed levels of miR-141 and 200c were significantly lower 

in Barrett’s oesophagus epithelium compared with gastric and duodenal epithelia 

(Table 6.1, Figures 6.3 - 6.4). miR-200a and miR-200b expression was significantly 

lower in Barrett’s oesophagus epithelium than in gastric epithelium, but did not 

differ in expression between Barrett’s oesophagus and duodenal epithelia (Table 

6.1). The expression level of miR-429 was not significantly different across these 

three epithelial types (Table 6.1). 



Table 6.1: TaqMan® analysis of relative miR-200 family member levels in Barrett’s 

oesophagus, gastric and duodenal epithelia.  

 

Relative expression for each epithelial tissue type 

miRNA 
Duodenal 

(n=10) 

Barrett’s 
oesophagus 

(n=17) Gastric (n=15) 

p-value 
(Kruskal- 

Wallis Test) 

miR-141 
0.076 

(0.039,0.167) 
0.026  

(0.023, 0.036) 
0.051 

(0.042, 0.092) 0.0002*# 

miR-200a 
0.148 

(0.067, 0.340) 
0.148  

(0.126, 0.177) 
0.247 

(0.154, 0.509) 0.0314# 

miR-200b 
0.796 

(0.606, 1.276) 
0.833  

(0.750, 0.993) 
1.233 

(1.089, 1.963) 0.0011# 

miR-200c 
2.700 

(1.890, 3.511) 
1.049  

(0.929, 1.170) 
2.335 

(1.792, 2.773) <0.0001*# 

miR-429 
0.095 

(0.042, 0.070) 
0.070 

(0.061, 0.087) 
0.078 

(0.072, 0.153) 0.259 
 

Relative expression values are median (95% confidence intervals). The group p-

value is the result of a Kruskal-Wallis test across the three tissue groups. Significant 

differences were identified by post-hoc testing by Holm-Bonferroni method for: 
*Duodenal vs Barrett’s oesophagus mucosa - miR-141 (p=0.0008) & miR-200c 

(p<0.0001),  and #Gastric vs Barrett’s oesophagus mucosa - miR-141 (p=0.0004) 

miR-200a (p=0.0078), miR-200b (p=0.0001), & miR-200c (p<0.0001).  



Figure 6.3: TaqMan® analysis of relative miR-141 levels in Barrett’s oesophagus, 

gastric and duodenal epithelia. Data presented is median miR-141 expression 

normalised to RNU44 levels. 95% confidence intervals are shown for each tissue 

group.  

 

 

Figure 6.4: TaqMan® analysis of relative miR-200c levels in Barrett’s oesophagus, 

gastric and duodenal epithelia. Data presented is median miR-200c expression 

normalised to RNU44 levels. 95% confidence intervals are shown for each tissue 

group.  

 



6.3.1 Predicted implications of reduced miR-200 family expression in 
Barrett’s oesophagus 
 

Core Ingenuity Pathway Analysis (Methods, chapter 2, section 2.2.11) on predicted 

targets of miR-141 and miR-200c were performed to determine likely biological 

effects of the reduced miRNA expression. Target prediction using miRecords, 

selecting predictions that were confirmed by five or more prediction algorithms 

identified 272 potential gene targets for miR-141 and 429 potential gene targets for 

miR-200c. Ingenuity Pathways Analysis matched a number of the predicted targets 

for miR-141 or miR-200c to known biological networks and ranked based on their 

statistical power. The top biological networks for these targets are illustrated in 

Figures 6.5 and 6.6, and the top molecular and cellular functions associated with 

these targets are listed in Table 6.2. Of the targets listed in Figures 6.5 and 6.6, nine 

show increased expression in Barrett’s oesophagus16, 24, 142, 294, 295 and are predicted 

targets (direct or indirect/downstream genes) of miR-141 and/or miR-200c (Table 

6.3).  

 

Ingenuity Pathway Analysis predicted that the top associated network functions for 

miR-141 (Figure 6.5) were gene expression, cell death and cell cycle (p=1x10-35). 

The top associated biological network functions for miR-200c (Figure 6.6) were cell 

morphology, cellular assembly and organisation, as well as cellular function and 

maintenance (p=1x10-38). The p-values are derived from a Right-tailed Fisher’s exact 

test to calculate the probability that each predicted miRNA target matches the 

ascribed network function due to chance alone. 



Figure 6.5: Shows the top associated biological network function for miR-141 (gene 

expression, cell death and cell cycle). Predicted targets of miR-141 are highlighted in 

grey. Uncoloured entries represent molecules that are associated with the pathway 

but are not predicted miR-141.  

 



Figure 6.6: Shows the top associated biological network function for miR-200c (cell 

morphology, cellular assembly and organisation). Predicted targets of miR-200c are 

highlighted in grey. Uncoloured entries represent molecules that are associated with 

the pathway but are not predicted miR-200c. 



Table 6.2: Top molecular and cellular functions of predicted miR-141 and miR-200c 

gene targets generated from an Ingenuity Pathways Core Analysis. Predicted targets 

for miR-141 and miR-200c are grouped according to their known molecular and 

cellular function. All molecules grouped by molecular and cellular function were 

tested for statistical significance using a Fisher’s exact test and the resulting p-value 

is shown below. 

 

miRNA 
Molecular and Cellular 

Functions 
Molecules 
Involved p-value 

 Cell Cycle 41 1.90E-07 - 2.82E-02 

 Gene Expression 53 4.94E-07 - 2.82E-02 

miR-141 Cellular Movement 39 2.45E-05 - 2.82E-02 

 
Cellular Assembly and 
Organisation 61 2.88E-04 - 2.82E-02 

 
Cellular Growth and 
Proliferation 68 2.88E-04 - 2.28E-02 

 
 
Gene Expression 84 1.37E-09 - 2.32E-02 

 
Cellular Growth and 
Proliferation 108 5.65E-05 - 2.32E-02 

miR-200c Cell Cycle 53 9.17E-05 - 2.32E-02 

 Cell Death 95 9.62E-05 - 2.32E-02 

 
Cellular Assembly and 
Organisation 55 1.19E-04 - 2.32E-02 

 

The top five functions associated with the predicted targets of miR-141 and miR-

200c, as determined by Ingenuity Pathway Analysis, are shown. For each miRNA 

the molecular and cellular functions are ranked according to their p-value. 



Table 6.3: Lists the genes predicted by the Ingenuity Pathway Analysis to both be, 

up regulated in response to decreased miR-141 or miR-200c expression and are 

known to be up regulated in Barrett’s oesophagus. In addition, this table highlights 

whether these genes are predicted by miRecords to be direct targets of miR-141 or 

miR-200c, or whether Ingenuity Pathways Analysis predicted indirect/downstream 

targeting.  

 

Gene Name 
Gene 
Symbol 

miRecords 
Predicted 
target of 

IPA predicted 
indirect/downstream 
target 

Mitogen Activated 
Protein Kinase 1 ERK - miR-141 
Mitogen Activated 
Protein Kinase 14 p38 - miR-141/miR-200c 
Mitogen Activated 
Protein Kinase 8 JNK miR-141 - 
Protein Kinase C PRKCE miR-141 - 
Phosphinositide 3-kinase PI3K - miR-141/miR-200c 
v-akt murine thymoma 
viral oncogene 
homolouge AKT miR-200c - 
Nuclear Factor Kappa 
Beta NFKB - miR-141/miR-200c 
Jun proto-oncogene AP1 miR-141 - 
Fibronectin FN1 miR-200c - 

 



6.3.2 miR-200,  ZEB1 and ZEB2 expression in Barrett’s oesophagus and 
oesophageal adenocarcinoma 

  
Expression of all members of the miR-200 family was significantly lower in 

oesophageal adenocarcinoma compared with Barrett’s oesophagus epithelium (Table 

6.4, Figures 6.7 - 6.11). The median expression of all miR-200 family members was 

lower in Barrett’s oesophagus epithelium proximal to oesophageal adenocarcinoma 

than in Barrett’s epithelium from patients without cancer or dysplasia. However, 

after post-hoc analysis, only the difference in miR-200c expression was statistically 

significant (Table 6.4, Figure 6.12). To determine whether this could indicate down-

regulation of miR-200 expression in dysplasia, prior to the development of 

adenocarcinoma, miR-200 family expression was further assessed in a non-dysplastic 

Barrett’s oesophagus derived cell line (Qh), and two cell lines derived from Barrett’s 

oesophagus with high-grade dysplasia (Ch, Gi). Figure 6.13 shows that the 

expression of all miR-200 members was markedly reduced in both dysplastic cell 

lines compared to expression in the benign Barrett’s oesophagus cell line. 

 



Table 6.4: TaqMan® analysis of relative miR-200 family member levels in 

oesophageal adenocarcinoma tissue and Barrett’s oesophagus tissue from patients 

with and without concurrent cancer. 

 

 
Relative expression for each tissue type 

 

miRNA 
BE 

n=17 

Adeno- 
carcinoma 

n=20 
BEC 
n=9 

p-value 
(Kruskal- 

Wallis Test) 

miR-141 
0.026 

(0.023, 0.036) 
0.012 

(0.011, 0.025) 
0.015 

(0.01, 0.04) 0.03398* 

miR-200a 
0.148 

(0.126, 0.177) 
0.057 

(0.013, 0.042) 
0.08 

(0.017, 0.201) 0.00079* 

miR-200b 
0.833 

(0.75, 0.993) 
0.387 

(0.316, 0.572) 
0.399 

(0.258, 1.13) 0.00068* 

miR-200c 
1.05 

(0.929, 1.170) 
0.551 

(0.461, 0.939) 
0.662 

(0.438, 0.965) 0.00323*# 

miR-429 
0.07 

(0.062, 0.087) 
0.039 

(0.029, 0.06) 
0.042 

(0.036, 0.09) 0.01355* 
 

Relative expression values are median (95% confidence intervals). BE = Barrett’s 

oesophagus epithelium from individuals without cancer, BEC = Barrett’s epithelium 

taken proximal to adenocarcinoma and confirmed by histology to be free of invasive 

cancer. The group p-value is the result of a Kruskal-Wallis test across the three tissue 

groups. Significant differences were identified by post-hoc testing using the Holm-

Bonferroni method for: *Adenocarcinoma vs Barrett’s oesophagus mucosa from 

individuals without cancer - miR-141 (p=0.0126), miR-200a (p=0.0001), miR-200b 

(p<0.0001), & miR-200c (p=0.0014) & miR-429 (p=0.0031), and #Barrett’s 

oesophagus mucosa from individuals with or without cancer - miR-200c (p=0.0191). 



Figure 6.7: TaqMan® analysis of relative miR-141 levels in Barrett’s oesophagus 

and oesophageal adenocarcinoma tissues. Data presented is median miR-141 

expression normalised to RNU44 levels. 95% confidence intervals are shown for 

each tissue group.  

 

 

Figure 6.8: TaqMan® analysis of relative miR-200a levels in Barrett’s oesophagus 

and oesophageal adenocarcinoma tissues. Data presented is median miR-200a 

expression normalised to RNU44 levels. 95% confidence intervals are shown for 

each tissue group. 

 



Figure 6.9: TaqMan® analysis of relative miR-200b levels in Barrett’s oesophagus 

and oesophageal adenocarcinoma tissues. Data presented is median miR-200b 

expression normalised to RNU44 levels. 95% confidence intervals are shown for 

each tissue group. 

 

 

Figure 6.10: TaqMan® analysis of relative miR-200c levels in Barrett’s oesophagus 

and oesophageal adenocarcinoma tissues. Data presented is median miR-200c 

expression normalised to RNU44 levels. 95% confidence intervals are shown for 

each tissue group. 

 



 

Figure 6.11: TaqMan® analysis of relative miR-429 levels in Barrett’s oesophagus 

and oesophageal adenocarcinoma tissues. Data presented is median miR-429 

expression normalised to RNU44 levels. 95% confidence intervals are shown for 

each tissue group. 

 

 

Figure 6.12: TaqMan® analysis of relative miR-200c levels in Barrett’s oesophagus 

tissue from patients with (Barrett’s oesophagus (EAC)) and without (Barrett’s 

oesophagus) concurrent cancer. Data presented is median miR-200c expression 

normalised to RNU44 levels. The mean standard error is shown for each tissue 

group.  

 



Figure 6.13: TaqMan® analysis of relative miR-200 family member levels in benign 

Barrett’s (Qh) and dysplastic cell lines (Ch & Gi). Relative expression of miR-141, 

miR-200a, miR-200b and miR-429 is shown on the left hand y-axis. Relative 

expression of miR-200c is shown on the right hand y-axis.    

 



6.3.3 The miR-200 family and the EMT in oesophageal adenocarcinoma  
 

To assess molecular evidence for the miR-200 mediated switch for EMT in 

oesophageal adenocarcinoma, the mRNA expression of miR-200 targets, ZEB1 and 

ZEB2, was measured. ZEB1 and ZEB2 expression was significantly higher in 

oesophageal adenocarcinoma compared to Barrett’s oesophagus epithelium from 

patients without cancer or dysplasia (Figures 6.14 and 6.15). There were significant 

inverse correlations between the expression of ZEB1/ZEB2 and the expression of 

some miR-200 members (Table 6.5). miR-215 and ZEB2 expression were inversely 

correlated (Table 6.5). 

 

Table 6.5: ZEB1 and ZEB2 expression in Barrettt’s epithelium and oesophageal 

adenocarcinoma. The fold increase (⇑⇑⇑⇑) in median ZEB1 and ZEB2 expression in 

oesophageal adenocarcinoma vs Barrett’s oesophagus mucosa from individuals 

without cancer, and the p-value derived using the Mann-Whitney test are given. 

Spearman correlations (R= Spearman’s rho) between ZEB1/2 expression and each 

miR-200 member as well as miR-215, with associated p-values, are also shown.  

 

 Fold ⇑⇑⇑⇑ miR-141 miR-200a miR-200b miR-200c miR-429 miR-215 

ZEB1 2.9 

p<0.0001 

R= -0.2 

p=0.341 

R= -0.4 

p=0.046 

R= -0.5 

p=0.009 

R= -0.5 

p=0.006 

R= -0.3 

p=0.159 

R= -0.3 

p=0.152 

ZEB2 1.5 

p=0.029 

R= -0.3 

p=0.101 

R= -0.3 

p=0.085 

R= -0.5 

p=0.008 

R= -0.5 

p=0.015 

R= -0.4 

p=0.067 

R= -0.4 

p=0.044 



Figure 6.14: TaqMan® analysis of relative ZEB1 levels in Barrett’s oesophagus and 

oesophageal adenocarcinoma tissues. Data presented is median ZEB1 expression 

normalised to 18S levels. 95% confidence intervals are shown for each tissue group. 

 

 

Figure 6.15: TaqMan® analysis of relative ZEB2 levels in Barrett’s oesophagus and 

oesophageal adenocarcinoma tissues. Data presented is median ZEB2 expression 

normalised to 18S levels. 95% confidence intervals are shown for each tissue group. 

 

  



6.4 Discussion 
 

In this study miR-141 and miR-200c were shown to be expressed at lower levels in 

Barrett’s oesophagus epithelium, compared to normal gastric and duodenal epithelia. 

Bioinformatic analysis indicated this might contribute to the cell cycle, stress 

response (proliferation, apoptosis), and cellular migration behaviors, which are 

known to make Barrett’s oesophagus epithelium different to gastric and duodenal 

epithelia24, 141-144, 270, 271, 296. The reduced miR-200 levels that were observed in 

Barrett’s oesophagus epithelium adjacent to adenocarcinoma, and in cell lines 

derived from Barrett’s oesophagus with high-grade dysplasia, suggested an 

association between down-regulation of miR-200 expression and neoplastic 

progression in Barrett’s oesophagus. The increased expression of ZEB1 and ZEB2 in 

oesophageal adenocarcinoma, and their inverse correlations with miR-200 

expression, are consistent with induction of EMT mediated by loss of miR-200 

expression. Taken together with the known biological processes that are regulated by 

the miR-200 family284, 290, 291, our study provides evidence for the influence of these 

miRNAs in regulating the unique gene expression24 and phenotypic traits24, 141-144, 270, 

271, 296 characteristic of benign Barrett’s oesophagus epithelium, as well as features 

relevant to neoplastic progression138. Further, our data indicate that a microRNA 

‘switch’ for inducing EMT116 might be activated during the development of 

oesophageal adenocarcinoma. 

 

It is interesting to note in our previous array study that we did not identify 

significantly reduced miR-200 expression in oesophageal adenocarcinoma. TAKE 

section from BJS paper justification for miR-215 not on array but in PCR.  

 

6.4.1 Decreased miR-141 and miR-200c expression in Barrett’s 
oesophagus 

 

Although the miR-200 family show some redundancy in seed sequence, and 

therefore the genes they target, they act co-operatively to control the expression of 

their targets. A change in expression of just one family member is sufficient to alter 

target transcript levels116. miR-141 and miR-200c are known to modulate apoptosis, 



cell cycle, proliferation, and cellular migration through regulation of their target 

genes284, 290, 291. Several in vivo and in vitro studies have elucidated the signalling 

pathways that are activated in Barrett’s epithelium and are responsible for its unique 

anti-apoptotic and proliferative responses to reflux induced stress. These include the 

three mitogen activated protein kinases (MAPK) ERK, p38 and JNK16; protein kinase 

C (PRKCE)143; phosphatidylinositol 3-kinases (PI3K) and downstream v-akt murine 

thymoma viral oncogene homolog 1 (Akt)294; as well as transcription factors 

NFKappa-B 295 and jun proto-oncogene (AP-1)294. Combined target prediction and 

Ingenuity Pathway Analysis predicted indirect (or direct in the case of Akt) targeting 

of all of the aforementioned genes in the top associated network functions of either 

miR-141 or miR-200c, or both miRNAs. Overall, this suggests that reduced miR-141 

and miR-200c expression in Barrett’s oesophagus epithelium compared with gastric 

and duodenal epithelia might activate molecular pathways that are known to promote 

the specific response of Barrett’s oesophagus epithelium to the insult of gastro-

oesophageal reflux. 

 

6.4.2 Fibronectin is a predicted target of miR-200c 
 

The Ingenuity Pathways Analysis also predicted direct targeting and down-

regulation of fibronectin by miR-200c, and this was evident in the top associated 

network. A recent study showed that fibronectin expression is reduced in cell lines in 

direct response to miR-200c expression292. Therefore it is reasonable to expect that 

fibronectin expression should be higher in Barrett’s oesophagus epithelium than in 

gastric and duodenal epithelia, due at least partly to reduced miR-200c expression in 

Barrett’s oesophagus. In agreement with this, fibronectin is in the subset of expressed 

genes that separates Barrett’s oesophagus epithelium from gastric or duodenal 

epithelium24. Fibronectin has key roles in cellular adhesion and migration297. In the 

development of Barrett’s oesophagus its expression is proposed to help facilitate 

expansion of epithelial cell populations in order to replace areas of denuded 

squamous epithelium with metaplastic cells24. Further, fibronectin expression 

contributes to increased proliferative and anti-apoptotic behaviour through 

NFKappa-B and PI3K signalling298. Taken together, these observations lend support 

to the biological relevance of the bioinformatics based approach, and further 



highlight a likely pro-proliferation, anti-apoptotic role for reduced miR-200c 

expression in Barrett’s oesophagus. They provide a strong impetus for experimental 

validation of these predictions.  

 

6.4.3 miR-200c and dysplasic Barrett’s oesophagus 
 

The development of high grade dysplasia significantly increases the risk of 

progression to oesophageal adenocarcinoma299, 300. Features of dysplastic epithelium, 

that make it distinct from benign Barrett’s oesophagus epithelium, include increased 

proliferative and anti-apoptotic behaviours138. This study shows that miR-200c 

expression is down-regulated in Barrett’s oesophagus sampled from patients with a 

concurrent oesophageal cancer, and the entire miR-200 family was down-regulated 

in cell lines derived from patients with high grade dysplasia. The Ingenuity Pathway 

Analysis indicates this could result in the molecular events known to contribute to 

the features of dysplastic Barrett’s oesophagus, including increased signalling 

through MAPK pathways301, increased activation and expression of NFKappa-B 59, 

302, and increased activation of Akt301, 303. Activation of Akt is stimulated by 

interaction of the obesity related hormone leptin and its receptor, and this results in 

increased proliferation and resistance to apoptosis in Barrett’s oesophagus derived 

cancer cell lines303. The leptin receptor is down-regulated in vitro in response to 

miR-200c expression292, and our miRecords searches predicted direct targeting of the 

leptin receptor by miR-200c. Although speculative, reduced miR-200 family 

expression in dysplasia could be an important mechanism for leptin receptor 

mediated activation of Akt, and this may contribute to the established link between 

obesity and an increased risk of oesophageal adenocarcinoma78. In further support of 

the relevance of decreased miR-200 expression to the molecular features of 

neoplastic progression of Barrett’s oesophagus, three gene transcripts (early growth 

response 3 (EGR3), heparan sulfate (glucosamine) 3-O-sulfotransferase 1 (HS3ST1) 

and ribosomal protein S6 kinase, 70kDa, polypeptide 1 (RPS6KB1)), listed in 

miRecords to be targets of miR-200c, were present in a panel of 18 transcripts shown 

to be up regulated in Barrett’s epithelium from which cancer had arisen compared 

with benign Barrett’s oesophagus epithelium304. 

 



6.4.4 The miR-200 family - ZEB1, ZEB2 feedback loop and and EMT in 
oesophageal adenocarcinoma 

 

Down-regulation of E-cadherin expression, via transcriptional repression, is a central 

mechanism for EMT274. ZEB1 and ZEB2 are amongst a group of transcription 

factors that repress transcription of E-cadherin274. ZEB1 and ZEB2 are targets of the 

miR-200 family, and an increase in ZEB1 and ZEB2 activity caused by down-

regulation of miR-200 expression is sufficient to induce EMT116. EMT promoted by 

down-regulation of the miR-200 family has now been implicated as an important 

mechanism for invasion and metastasis in several cancers116, 286-289. Previous 

epithelial and mesenchymal cell marker studies have provided evidence for the 

involvement of EMT in the development of oesophageal adenocarcinoma276, 277, but 

to my knowledge no studies have investigated loss of miR-200 mediated control of 

ZEB1 and ZEB2 expression as a possible mechanism for EMT in this disease. This 

study has identified down-regulation of the entire miR-200 family and up-regulation 

of ZEB1 and ZEB2 transcription levels upon progression of Barrett’s oesophagus to 

adenocarcinoma. Also, significant inverse correlations were observed between the 

expression of miR-200 members and ZEB1/ZEB2 transcripts. miR-215 expression, 

which I have shown to be down-regulated in neoplastic progression of Barrett’s 

oesophagus, was also inversely correlated with ZEB2 expression. miR-215 was 

recently shown to directly target ZEB2 expression in kidney cells170 and our results 

suggest the same in Barrett’s oesophagus. Together, these results suggest that the 

miR-200 family contribute to control of ZEB1 and ZEB2 expression in Barrett’s 

oesophagus and this might be important for maintaining the epithelial phenotype. 

They add to current evidence for the involvement of EMT in oesophageal 

adenocarcinoma, and indicate down-regulation of miR-200 expression as a potential 

mechanism for this. 

 

6.4.5 Clinical Relevance 
 

Our current hypothesis is that the miR-200 family might be useful biomarkers for 

identifying patients with Barrett’s oesophagus who are at increased risk of 

adenocarcinoma. Further studies are required to evaluate this hypothesis. In addition, 

recent advances in the delivery of small RNAs in a clinical setting305, together with 



the demonstrated in vitro anti-neoplastic effects of endogenous miR-200 

expression292, 306, suggest a possible future role for this family of microRNAs in 

treating early cancer in Barrett’s epithelium.  

 

6.4.6 Limitations 
 

This study has some limitations. First, Barrett’s oesophagus epithelium proximal to 

cancer, and cell lines derived from dysplastic epithelium were used, to generate 

evidence for reduced miR-200 expression in dysplasia. This study does not 

demonstrate miR-200 down-regulation in dysplastic epithelium from patients who 

did not have invasive cancer, and this will be an important area for investigation in 

future studies. Second, although this study provides support for the effects of miR-

200 expression on known gene-expression and phenotypic features of benign and 

dysplastic Barrett’s oesophagus, this support is based on bioinformatic predictions 

supported by published literature. Future studies should expand on this evidence 

using functional studies.  

 

6.4.7 Summary 
 

In summary, this study has shown that the miR-200 expression profile in Barrett’s 

oesophagus distinguishes it from gastric and duodenal epithelia, and that down-

regulation of miR-200 expression is associated with dysplasia and adenocarcinoma. 

Further investigation is warranted to evaluate whether changes in the expression of 

these miRNAs can be used to identify patients with Barrett’s oesophagus who are at 

risk of progression to oesophageal adenocarcinoma. 

     



Chapter 7 

 Summary, conclusions and future studies 

7.1 Summary and conclusions 
 

This study aimed to assess miRNA expression and the role these molecules play in 

the oesophageal pathologies comprising the reflux-Barrett’s oesophagus-oesophageal 

adenocarcinoma sequence. At the beginning of this PhD project, few changes in 

miRNA expression had been reported in this sequence, and there were no reports of 

functional roles for miRNAs in these pathologies.  

 

Quantitative assessment of miRNA expression identified seven differentially 

expressed miRNAs in Barrett’s oesophagus including: increased expression of miR-

21, miR-143, miR-145, miR-194, miR-215 and decreased expression of miR-203 and 

miR-205. Of the miRNAs increased in Barrett’s oesophagus, miR-143, miR-145 and 

miR-205 were also increased in patients with gastroesophageal reflux disease. 

Further, miR-143, miR-145 and miR-215 were decreased in patients with 

oesophageal adenocarcinoma.  

 

7.1.1 Gastroesophageal reflux disease: Unravelling roles for miRNAs in 
the oesophagus 

 

We now know that differential miRNA expression in the oesophageal epithelium is 

associated with functional consequences. Studies described in this thesis 

demonstrated increased miR-143, miR-145 and miR-205 levels in gastroesophageal 

reflux disease and identified that these miRNAs can act to regulate proliferation and 

apoptosis. From these studies we hypothesized that these miRNAs might act as 

regulators of oesophageal epithelial restoration in response to gastroesophageal 

reflux damage.  

 

Of particular interest was whether increased miRNA expression in gastroesophageal 



reflux disease might contribute to the development of Barrett’s oesophagus. In 

oesophageal squamous tissue from patients with gastroesophageal reflux disease we 

observed strong and significant positive correlations between miR-143 and BMP4, a 

key promoter of columnar specific gene expression, and CK8, a marker of a 

columnar phenotype. This data is consistent with a possible role for miRNA 

expression in development of Barrett’s oesophagus. However, increasing the levels 

of miR-143, miR-145 or miR-205 individually in a squamous oesophageal cell line 

did not lead to the formation of a columnar phenotype with intestinal metaplasia. 

Given reports by others discussing multiple genetic changes contributing to the 

development of Barrett’s oesophagus it is perhaps ambitious to expect that increasing 

the level of a single miRNA would drive differentiation to a columnar phenotype. 

However, as miRNAs can manipulate the levels of hundreds of different genes, it is 

possible that miRNA transfection in combination (see Future Directions, 7.2.2) 

might help to identify a miRNA directed mechanism for the development of Barrett’s 

oesophagus.  

 

7.1.2 Tumour suppressor miRNAs in oesophageal adenocarcinoma 
 

Neoplastic development is associated with dysfunctional regulation of numerous 

cellular processes. Therefore we wanted to investigate the consequences of decreased 

miRNA expression in oesophageal adenocarcinoma.  

 

These studies identified that decreased miR-143, miR-145 and miR-215 expression 

in oesophageal adenocarcinoma likely contributes to a reduction in proliferative and 

apoptotic control in this cancer. mRNA array analysis identified that this loss of 

control is likely mediated by a number of miRNA directed changes (direct and 

indirect) in gene expression. Also, in situ hybridisation analysis identified that miR-

143, miR-145 and miR-215 localise to the crypts within the Barrett’s oesophagus 

epithelium and are not expressed in dysplastic or cancerous tissue. These studies 

provide support for a cancer promoting mechanism where decreased miR-143, miR-

145 and miR-215 expression in the crypts of the Barrett’s oesophagus epithelium 

leads to dysfunctional regulation of gene expression, directing a decrease in 

proliferative and apoptotic control and subsequently promoting neoplastic 



development from these areas.  

 

Taken together, the assessment of miRNA expression and function in 

gastroesophageal reflux disease, Barrett’s oesophagus and oesophageal 

adenocarcinoma has identified functional roles for miRNAs in the oesophagus and 

demonstrated the loss of functional control that could occur when these molecules 

are aberrantly expressed in these pathologies.      

 

7.1.3 The miR-200 family: Involvement in Barrett’s oesophagus and 
oesophageal adenocarcinoma 

 

Decreased expression of miR-141 and miR-200c was found to distinguish Barrett’s 

oesophagus from related gastric and intestinal epithelia. Bioinformatic analysis of 

predicted miR-141 and miR-200c targets provided computational evidence that this 

decreased miRNA expression might contribute to the abnormal proliferative and 

apoptotic status of Barrett’s oesophagus epithelium. These studies demonstrate the 

ability of computational genetic analysis paired with real time expression data to 

provide a platform for hypothesis driven research. From these studies we now have a 

solid foundation from which to investigate functional roles for decreased miR-141 

and miR-200c expression in Barrett’s oesophagus (see Future Directions 7.2.5).  

 

We observed decreased expression of the miR-200 family (miR-141, miR-200a, 

miR-200b, miR-200c and miR-429) and increased expression of ZEB1 and ZEB2 in 

oesophageal adenocarcinoma. The miR-200 family regulates the epithelial to 

mesenchymal transition, a key process in tumour metastasis, by targeting the 

transcription factors ZEB1 and ZEB2. These results provided the first evidence 

implicating miRNAs in the epithelial to mesenchymal transition in oesophageal 

adenocarcinoma. Further investigation of the miR-200 family in oesophageal 

adenocarcinoma may help to identify an invasive mechanism in oesophageal 

adenocarcinoma that can be targeted therapeutically.  

 



7.2 Future directions 

 
The knowledge gained from this study can be built upon to further understand the 

role of miRNAs in gastroesophageal reflux disease, Barrett’s oesophagus and 

oesophageal adenocarcinoma.  

 

7.2.1 Global profiling of miRNA expression in Barrett’s oesophagus and 
oesophageal adenocarcioma 

 

In chapter three, PCR was used to quantitatively validate individual changes in 

miRNA expression. Since the beginning of this study there have been rapid advances 

in high throughput, quantitative PCR technology. It is now possible to quantitatively 

assess global changes in miRNA expression in a relatively short period of time. 

Although these emerging technologies provide better levels of detection than miRNA 

arrays, arguably they may not have the power to detect small changes in miRNA 

expression currently detectable by individual PCR based assays. However, the ability 

to assess multiple miRNAs simultaneously is appealing. Chapter three focussed on 

using PCR to quantify the most significant changes in miRNA expression and 

experiments presented in later chapters assessed the implications of these changes in 

gastroesophageal reflux pathology (chapter 4) and development of oesophageal 

adenocarcinoma (chapter 5). Given that a large number of miRNAs were indicated 

with a significant probability of differential expression by the miRNA array, and 

some of these miRNAs were further shown to play significant roles in regulating 

proliferation and apoptosis (Results of chapter 5 and others153, 157, 160, 166, 174, 307), 

characterising further miRNAs identified in our original miRNA microarray 

experiments seems warranted.  

 

7.2.2 Additional in vitro investigation into the role of miRNAs in the 
development of Barrett’s oesophagus 

 

In chapter 4, increased miR-143, miR-145 and miR-205 expression observed in vivo 

was replicated in vitro. These experiments primarily assessed the effects of reflux 

induced miRNA changes on tissue restoration in the oesophagus.  However, a 



number of interesting questions remain unanswered regarding the role of increased 

miRNA expression and the development of Barrett’s oesophagus.  

 

As discussed in section chapter 3, section 3.4.3 miR-143 and miR-145 appear to be 

critical in directing both gastric and intestinal differentiation109, 198, 199. Therefore, 

these miRNAs are thought to be important in the development of Barrett’s 

oesophagus. Chapter 4, Table 4.1 shows increased miR-143 and miR-145 expression 

in response to gastroesophageal reflux disease. Further, Table 4.2 shows strong 

correlations between miR-143 and both BMP4, a key promoter of columnar specific 

gene expression221 and CK8, a marker of a columnar phenotype224. Taken together 

these results indicated a possible link between increased miR-143 and miR-145 

expression and a squamous to columnar transition.  

 

No visual changes in squamous cell morphology were observed after increasing 

miR-143 or miR-145 expression in our squamous oesophageal cell line. This is not 

necessarily surprising given others have hypothesised that multiple genetic changes 

are likely required for a transition from a squamous to a columnar phenotype308. In 

keeping with this hypothesis, assessing the effects of increasing the levels of multiple 

miRNAs simultaneously in a squamous oesophageal cell line should be the focus of 

future studies. Combinations of interest include increasing miR-143 and miR-145 

levels simultaneously, for reasons discussed above, as well as increasing miR-143, 

miR-145 and miR-205 levels simultaneously to mimic, in vitro, the in vivo results 

reported in chapter 4. Further, as reflux pathology is associated with the development 

of Barrett’s oesophagus, increasing the levels of multiple miRNAs in the presence of 

acid and/or bile mixtures (similar to those published by others in our lab7) also has 

merit.  

 

The experimental design of chapter 4 utilized a squamous cell line. However, miR-

143 and miR-145 expression is hypothesised to be required for maintaining gastric 

and intestinal differentiation. Therefore, miRNA knockout experiments in a Barrett’s 

oesophagus cell line could provide evidence that these miRNAs are required to 

maintain a Barrett’s oesophagus phenotype in vitro.  

 



7.2.3 Assessing nuclear localisation of miRNAs 
 

In-situ hybridisation revealed cytoplasmic and nuclear accumulation of miR-143, 

miR-145 and miR-205 in oesophageal keratinocytes. As miRNAs are known to 

regulate translation in the cytoplasm, their localization in the nucleus is somewhat 

surprising, but not unique, given reports by others194, 230, 309.  

 

Studies reporting both the presence and function of nuclear miRNAs are limited194, 

230, 309. However, the potential for miR-143, miR-145 or miR-205 function in the 

nucleus is intriguing. Of particular interest would be the potential for these miRNAs 

to regulate transcript levels of transcription factors in the nucleus, especially CDX2, 

given the multiple studies reporting the importance of this transcription factor in 

directing intestinal differentiation54, 310.  

 

To confirm the presence of miRNAs in the nucleus, deep sequencing studies could 

assess small nuclear RNAs from squamous, Barrett’s oesophagus and oesophageal 

adenocarcinoma epithelia. If miRNAs sequences are retrieved from the nucleus, 

transfection of corresponding fluorescently labelled miRNA mimics, paired with cell 

microscopy software and real time imaging could be used to characterise the nuclear 

and cellular distribution of these miRNAs. From this data miRNA levels of 

accumulation and rates of degradation in the nucleus could also be characterised.  

 

In assessing nuclear miRNA function, studies of interest include investigating 

whether nuclear localization of miR-143, miR-145 or miR-205 plays a role in reflux 

pathology or the development of Barrett’s oesophagus. Initial studies could include 

transfecting cells with fluorescently labelled miRNA mimics to characterise the 

magnitude and stability of nuclear localisation. The development of an expression 

construct that promotes expression of miR-143, miR-145 or miR-205 transcripts that 

are tagged for subsequent purification would be required for these studies. Cell 

samples expressing this construct could be processed using sub cellular fractionation 

to obtain nuclear and cytoplasmic material. Purification of miRNA complexes from 

these samples followed by the sequencing bound RNA would assist in identifying if 

these miRNAs target gene transcripts in the nucleus.  



7.2.4 miRNA expression and invasive oesophageal adenocarcinoma 
 

Oesophageal adenocarcinoma is commonly diagnosed with metastasis. A diagnosis 

of metastasis likely contributes to the poor prognosis associated with this tumour71. 

Key processes in tumour metastasis include cell invasion and migration278. 

Identifying changes in miRNA expression that contribute cell invasion and migration 

may lead to the development of targeted therapies aiming to reduce metastasis in 

oesophageal adenocarcinoma. This thesis reports reduced miR-143, miR-145, miR-

215 and miR-200 family expression in oesophageal adenocarcinoma (chapter 3, 

Table 3.1 & chapter 6, Table 6.2). Multiple studies are now reporting associations 

between decreased expression of these miRNAs and increased cancer cell migration 

and invasion116, 165, 170, 248. In addition, these studies116, 165, 170, 248 show that restoring 

the expression of these miRNAs in vitro can reduce invasive capacity. These 

reports116, 165, 170, 248 paired with the reduced miR-143, miR-145, miR-215 and miR-

200 family expression observed in oesophageal adenocarcinoma provide support for 

investigating the effects of increasing the expression of these miRNAs in 

oesophageal adenocarcinoma.  

 

Future studies could include assessing invasive capacity by measuring cell invasion 

and migration after increasing the levels of miRNA expression in an oesophageal 

adenocarcinoma cell line. miRNAs of interest would include miR-143, miR-145, 

miR-215 and the miR-200 family. The current system of choice for assessing cell 

invasion and migration is the xCELLigence platform. The xCELLigence platform is 

designed to assess migration and invasion in real time, without requiring the removal 

of cells from incubation. This platform has advantages over other assays such as the 

scratch or Boyden chamber matrigel assays. For example, the Boyden chamber 

matrigel assay requires invasion and migration to be assessed at specific time points. 

This results in an increased risk that key data points could be missed. The scratch 

assay requires cells to leave the incubator to be taken to a microscope for 

photography. Removal of cells from incubation introduces variability through 

continual changes in the cells growth environment.  

 

A number of interesting questions regarding invasion and migration could be 



investigated using xCELLigence. Firstly, after increasing miR-143, miR-145, miR-

215 or miR-200 family levels in oesophageal adenocarcinoma cells migration and 

invasion could be assessed. Secondly, increasing miRNA levels in combination 

could be explored to assess whether synergistic reductions in invasive capacity can 

be achieved. For example, given that miR-143 and miR-145 are likely expressed on 

the same transcript245, 311 and both are implicated in tumour invasion165, 248, 

increasing the levels of these miRNAs in combination seems logical. In addition, 

reports speculate on redundancy across the miR-200 family members116, 312 as well as 

selected miR-200 family members having the ability to individually reduce invasive 

capacity123, 292. Therefore increasing levels of miR-200 family members in different 

combinations may identify an optimal synergistic combination to direct a greater 

reduction in oesophageal adenocarcinoma invasion.  

 

7.2.5 Validating bioinformatic predictions or miR-141 and miR-200c 
function in vitro 

 

The bioinformatic investigation presented in chapter 6 assessed predicted targets of 

miR-141 and miR-200c and reviewed the literature for published reports on both the 

functions, as well as any interactions between these predicted targets. This 

bioinformatic investigation provided an information base for predicting the 

consequences of decreased miR-141 and miR-200c expression in Barrett’s 

oesophagus (chapter 6, section 6.4.1). For example, miR-141 and miR-200c are 

known to modulate apoptosis, cell cycle and proliferation284, 290, 291 and therefore 

their decreased expression in Barrett’s oesophagus was hypothesised to result in a 

loss of proliferative and apoptotic control through increased PI3K pathway activity. 

In addition, chapter 6, section 6.4.1 – 6.4.4 discussed the potential for decreased 

miR-141 and miR-200c expression increasing the risk of developing dysplastic 

Barrett’s oesophagus.  



Based on the hypotheses of chapter 6, understanding the mechanism that leads to 

decreased miR-141 and miR-200c expression as well as the associated consequences 

becomes important. This information may assist in the development of therapeutics 

targeted at reducing the abnormalities in the Barrett’s epithelium and potentially 

reduce the risk of progression to oesophageal adenocarcinoma.  

 

Chapter 6, Figure 6.1 shows that miR-141 and miR-200c are expressed on the same 

transcript. We hypothesised that this transcript might be down regulated in Barrett’s 

oesophagus. In discussing reduced miR-141 and miR-200c expression epigenetic 

regulation of miR-141 and miR-200c was considered. However, at the time there was 

no evidence in the literature to support this and therefore investigation into 

methylation of these miRNAs was subsequently not pursued. Recently, Vrba et al.313 

have shown that decreased miR-141 and miR-200c expression is directed by 

methylation in breast cancer cells314. Therefore, the focus of future studies should 

primarily include investigation of epigenetic regulation of miR-141 and miR-200c in 

Barrett’s oesophagus. Using the same panel of tissue samples described in section 

6.2 the methylation status of transcription sites upstream of pre-miR-141/miR-200c 

could be assessed in gastric, duodenal and Barrett’s oesophagus tissues. In 

identifying a methylated pre-miR-141/200c promoter region Vrba et al.313 assessed 

regions 115 – 343 base pairs upstream of pre-miR-141/miR-200c (chromosome 12, 

6942000 - 6944500). These methods described by Vrba et al.313 provide a logical 

starting point for this proposed methylation analysis. Methylation could be further 

assessed in vitro by treating a Barrett’s oesophagus cell line (Qh) with an inhibitor of 

methylation known as 5-aza-Cytidine (DNA methyltransferase inhibitor) and using 

PCR to assess whether miR-141 or miR-200c expression is increased. 

 

In assessing the consequences of decreased miR-141 and miR-200c expression in 

Barrett’s oesophagus, preliminary in vitro studies should include transfecting 

miRNA mimic oligonucleotides to increase the levels of these miRNAs in a Barrett’s 

oesophagus (Qh) or dysplastic (Ch and/or Gi) cell lines. After increasing miR-141 

and/or miR-200c levels, hypotheses generated through the bioinformatic analysis 

discussed in chapter 6 could be explored.   



Firstly, preliminary studies should focus on identifying whether reduced miR-141 or 

miR-200c expression contributes to the abnormal cellular processes associated with 

Barrett’s oesophagus. Therefore, proliferation and apoptosis could be assessed after 

increasing miR-141 and/or miR-200c levels in vitro. Identifying a role for these 

miRNAs in proliferative and apoptotic control in Barrett’s oesophagus will provide 

support for these molecules as potential therapeutic targets that may assist in 

reducing the abnormalities associated with Barrett’s oesophagus.    

 

If altered proliferation and/or apoptosis is observed in response to increased miR-141 

or miR-200c expression, a potential mechanism should be investigated. Chapter 6, 

section 6.4.1 highlights that increased activity of the PI3K pathway is observed in 

response to gastroesophageal reflux. Given that this pathway is associated with the 

unique anti-apoptotic and proliferative response associated with the Barrett’s 

epithelium reducing this pathways activity may be of benefit. The mammalian target 

of rapamycin (mTOR) is a key protein in the PI3K pathway. mTOR is activated by 

Akt (predicted target of miR-200c) which is in turn activated by PI3K (predicted 

indirect/downstream target of miR-141 and miR-200c) to inhibit apoptosis and 

promote proliferation. An inhibitor of the PI3K signaling pathway is now available 

in the form of an mTOR inhibitor known as rapamycin. Exposure of a Barrett’s 

oesophagus cell line (Qh) to Rapamycin alone or in combination with increasing 

miR-141 and/or miR-200c levels may be useful in assessing whether the PI3K 

pathway (specifically mTOR) is involved in directing abnormal proliferation and 

apoptosis in Barrett’s oesophagus.  

 

Chapter 6, Table 6.2 presents decreased miR-200c expression in Barrett’s 

oesophagus sampled from patients with a concurrent oesophageal cancer. 

Bioinformatic analysis provided support for a potential role for this reduced miR-

200c expression in contributing to the features of dysplastic Barrett’s oesophagus. As 

discussed in chapter 6, section 6.4.3, Akt is stimulated by leptin and its receptor, and 

this results in increased proliferation and resistance to apoptosis in Barrett’s 

oesophagus derived cancer cell lines303. Based on this, investigation of reduced miR-

200 family expression (beginning with miR-200c) in dysplasia may identify a 

mechanism for leptin receptor mediated activation of Akt in Barrett’s oesophagus, 

and this may provide support for a link between obesity and an increased risk of 



oesophageal adenocarcinoma78. In assessing these questions miR-200 family, Akt 

and leptin expression should be assessed in dysplastic Barrett’s oesophagus tissue 

samples. Secondly, in dysplastic cell lines (Ch and Gi) leptin and Akt activity as well 

as proliferation, apoptosis and invasion could be assessed after increasing the 

expression of miR-200 family members (beginning with miR-200c). Results from 

these studies may provide evidence of miR-200 family member regulation of Akt 

and/or leptin as well as identify any functional effects associated with this regulation. 

 



 Appendicies 

Appendix 1: Elevated miR-143 and miR-145 is observed in specimens 
from resected oesophageal adenocarcinoma 

 
In assessing miRNA expression in oesophageal mucosal specimens obtained either 

via endoscopic biopsy or from mucosal sampling of surgically resected tissue, highly 

elevated  miR-143 (130 fold increase above median) and miR-145 (45 fold increase 

above median) was observed in some specimens. Careful analysis of the data 

indicated that the elevated expression was only present in some of the mucosal 

samples from surgically resected tissue, and not in the endoscopic biopsies. As miR-

143 and miR-145 are enriched in columnar tissues compared with squamous mucosa 

(chapter 3, Table 3.1), and oesophageal sub-mucosal glands contain columnar cells, 

it was initially hypothesised that miR-143 and miR-145 levels may be enriched in 

sub-mucosal glands and the presence of these glands in resection specimens could 

account for the increased miR-143 and miR-145 levels. I aimed to test this 

hypothesis by localising the expression of miR-143 and miR-145 in resected 

oesophageal specimens that contained oesophageal sub-mucosal glands using ISH. 

 

During the time spent developing the ISH protocol, work by Cordes et al.154 was 

published showing tissue specific expression of miR-143 and miR-145 in cardiac 

smooth muscle tissue. H&E staining of oesophageal resection specimen slides shows 

that the muscularis mucosae was located closer to the luminal surface of the 

oesophageal epithelium than oesophageal sub-mucosal glands. Therefore, we also 

hypothesised that the presence of muscle in resection specimens may account for the 

elevation in miR-143 and miR-145 levels. To test these hypotheses I aimed to 

identify the site of increased miR-143 and miR-145 expression observed in some 

oesophageal resection specimens by performing ISH on oesophageal resection 

material. 

 

ISH staining showed miR-143 and miR-145 to be significantly enriched in the 

muscle layers of the oesophagus (marked by arrow heads) and in sub-mucosal glands 



(marked by *), (miR-143 - Figure A.1.1-B and miR-145 - Figure A.1.1-C) compared 

with the scramble probe (Figure A.1.1-D). The muscularis mucosae is closest to the 

luminal surface of the oesophageal epithelium and shows the greatest intensity for 

miR-143 and miR-145 staining.  

 

Due to the close proximity of the muscularis mucosae to the basal layer of the 

oesophageal epithelium (Figure A.1.1-A) and results published by others showing 

high miR-143 and miR-145 levels in muscle tissue, the favoured hypothesis was that 

the presence of muscle was causing detection of high levels of miR-143 and miR-

145 expression in oesophageal resection specimens compared with oesophageal 

biopsies. To test this hypothesis I assessed oesophageal mucosal biopsy and resection 

material for the presence of muscle, and observed a significant amount of muscle in 

resection specimens with the highest miR-143 and miR-145 expression as 

determined by quantitative RT-PCR (Figure A.1.2-A). Conversely, biopsy specimens 

that did not display elevated miR-143 and miR-145 expression and were negative for 

the presence of muscle (Figure A.1.2-B). No oesophageal sub-mucosal glands were 

present in the sections I assessed; suggesting miR-143 and miR-145 expression in 

these glands was not contributing to the increased expression observed in the 

resection specimens.  

 

Therefore, it is likely that the presence of muscle in resected tissue specimens was 

the reason RT-PCR detected higher levels of miR-143 and miR-145 in resection 

specimens compared to biopsies.  



  

Figure A.1.1: The muscularis mucosae and muscularis externa can be identified by 

the arrow heads in each figure. These layers show the greatest staining intensity for 

miR-143 (B) and miR-145 (C). No staining is observed when using the negative 

control probe (D). 

!

* *

* *

 

 



Figure A.1.2: (A) Highlights the presence of muscle in a resection specimen with 

elevated miR-143 and miR-145 expression. Muscle tissue spans between the 

arrowheads. No muscle can be identified biopsy specimen (B) and no elevation in 

miR-143 and miR-145 expression was observed.   



Appendix 2: The top 40 genes for each miRNA indicated by student-t 
test to be significantly down regulated via mRNA array 
 

Table A.2.1: The top 40 genes indicated by student-t test to be significantly 

down regulated (p<0.05) 24 hr after miR-143 over expression in OE-19 cells.  

No ID Gene Symbol RefSeq 

Average 

Expression 

(143) 

Average 

Expression 

(NC) 

p-value 

143vNC (2 

SIDED, 

equal 

variance) 

Decrease 

in Fold 

Change  

1 7950086 NUMA1 NM_006185 7.88464 8.08086 0.00034 -0.02428 

2 8110362 GRK6 NM_001004106 6.01828 6.27716 0.00038 -0.04124 

3 7949873 ACY3 NM_080658 5.16523 5.69160 0.00054 -0.09248 

4 8171148 ARSD NM_001669 4.99356 5.15224 0.00073 -0.03080 

5 8081036 CADM2 NM_153184 3.42417 3.77338 0.00084 -0.09254 

6 8018975 LGALS3BP NM_005567 7.93729 8.49359 0.00092 -0.06550 

7 8091446 PFN2 NM_053024 3.20920 3.51686 0.00115 -0.08748 

8 8004804 PFAS NM_012393 5.14110 5.48338 0.00128 -0.06242 

9 8177101 TTTY7 NR_001534 3.07699 3.17186 0.00133 -0.02991 

10 8176435 TTTY7 NR_001534 3.07699 3.17186 0.00133 -0.02991 

11 8087119 SLC26A6 NM_022911 5.00564 5.29230 0.00158 -0.05417 

12 8043480 IGKV1OR15-118 ENST00000405516 3.10822 3.36693 0.00180 -0.07684 

13 8167165 ARAF NM_001654 6.07030 6.39480 0.00205 -0.05074 

14 8137675 PRKAR1B NM_002735 5.24836 5.68678 0.00206 -0.07709 

15 7937518 TSPAN4 NM_001025237 5.66677 6.13631 0.00218 -0.07652 

16 8012450 SLC25A35 NM_201520 3.99942 4.27413 0.00297 -0.06427 

17 8076962 MAPK12 NM_002969 4.68374 4.84814 0.00305 -0.03391 

18 7942453 PLEKHB1 NM_021200 5.89070 6.51510 0.00310 -0.09584 

19 8038347 TEAD2 NM_003598 5.64003 5.86988 0.00335 -0.03916 

20 7981494 AKT1 NM_001014432 7.08479 7.32238 0.00341 -0.03245 

21 8003322 CYBA NM_000101 5.56350 6.16934 0.00365 -0.09820 

22 8090162 ITGB5 NM_002213 6.64270 6.81580 0.00406 -0.02540 

23 8050766 ADCY3 NM_004036 6.71629 6.93709 0.00445 -0.03183 

24 7913644 E2F2 NM_004091 5.21448 5.53968 0.00455 -0.05870 

25 7900159 DNALI1 NM_003462 3.41242 3.59696 0.00479 -0.05131 

26 8025382 LASS4 NM_024552 3.28611 3.53447 0.00507 -0.07027 

27 8074388 SLC25A1 NM_005984 6.57238 6.94591 0.00547 -0.05378 

28 8140504 MAGI2 NM_012301 3.06788 3.26218 0.00591 -0.05956 

29 8059097 C2orf24 NM_015680 4.67569 4.83624 0.00593 -0.03320 

30 8048995 ITM2C NM_030926 6.73871 7.17369 0.00607 -0.06064 

31 8015575 GHDC NM_032484 4.65350 4.83663 0.00611 -0.03786 

32 7944042 PAFAH1B2 NM_002572 7.47324 7.65311 0.00618 -0.02350 

33 8019376 DUS1L NM_022156 6.67715 6.94727 0.00670 -0.03888 

34 8065738 AHCY NM_000687 7.99248 8.37522 0.00693 -0.04570 

35 8157270 SLC31A1 NM_001859 8.09731 8.33596 0.00725 -0.02863 

36 8072847 SH3BP1 NM_018957 4.28968 4.53881 0.00742 -0.05489 

37 8076690 C22orf9 NM_001009880 5.57089 5.89700 0.00784 -0.05530 

38 7932109 SEPHS1 NM_012247 6.40912 6.94145 0.00790 -0.07669 

39 7939477 ALKBH3 NM_139178 5.23290 5.48063 0.00808 -0.04520 

40 8126371 CCND3 NM_001760 7.33650 7.77084 0.00812 -0.05589 



Table A.2.2: The top 40 genes indicated by student-t test to be significantly 

down regulated 24 hr after miR-145 over expression in OE-19 cells.  

No ID Gene Symbol RefSeq Average 

Expression 

(NC) 

Average 

Expression 

(145) 

p-value 

145vNC (2 

SIDED, equal 

variance) 

Decrease in 

Fold Change  

1 7946061 HBE1 NM_005330 3.17823 2.97757 0.00041 -0.063136753 

2 8012598 RCVRN NM_002903 3.13188 3.05458 0.00053 -0.024683763 

3 7924884 HIST3H3 NM_003493 3.73863 3.34907 0.00063 -0.104199488 

4 8118556 HLA-DQA1 NM_002122 3.74450 3.41188 0.00083 -0.08882887 

5 8149638 DOK2 NM_003974 3.38185 3.20346 0.00102 -0.052748301 

6 8031013 DPRX NM_001012728 3.37299 3.18159 0.00113 -0.056742985 

7 8034379 ZNF442 NM_030824 3.54752 3.30738 0.00124 -0.06769236 

8 8122966 CLDN20 NM_001001346 3.31487 3.03768 0.00173 -0.083621094 

9 8149324 FAM167A NM_053279 3.59002 3.39344 0.00228 -0.054757406 

10 7922804 APOBEC4 NM_203454 3.15543 2.87864 0.00252 -0.087717575 

11 8080911 KBTBD8 NM_032505 3.93223 3.47099 0.00255 -0.117298058 

12 7943729 C11orf53 BC039669 3.19201 3.08646 0.00265 -0.033066939 

13 7944185 CD3G NM_000073 3.44871 3.31689 0.00284 -0.038223917 

14 8125527 PPP1R2P1 AF275684 4.47759 4.27613 0.00286 -0.044994409 

15 8178882 PPP1R2P1 AF275684 4.47759 4.27613 0.00286 -0.044994409 

16 8180076 PPP1R2P1 AF275684 4.47759 4.27613 0.00286 -0.044994409 

17 8109120 AFAP1L1 NM_152406 3.39733 3.18469 0.00310 -0.06259039 

18 7948328 OR5B12 NM_001004733 3.42560 3.29268 0.00313 -0.038800053 

19 7948316 OR10W1 NM_207374 3.51086 3.29706 0.00400 -0.060895811 

20 8050113 LOC1001295

81 

AK125905 3.39061 3.13239 0.00403 -0.076155496 

21 8117382 HIST1H2BD NM_021063 6.00170 5.63688 0.00411 -0.060786666 

22 7911532 AURKAIP1 NM_017900 6.95960 6.37375 0.00421 -0.084178209 

23 8014169 C17orf102 NM_207454 3.31672 3.08078 0.00433 -0.071138483 

24 8102875 RPL14P3 XR_038338 3.77043 3.48143 0.00445 -0.076648266 

25 7936833 RPS26P39 XM_001718952 4.70167 4.19837 0.00494 -0.107047704 

26 7950003 MRGPRD NM_198923 2.99823 2.71643 0.00506 -0.093987779 

27 8123910 GCM2 NM_004752 3.01112 2.78704 0.00568 -0.0744186 

28 7905088 HIST2H2AC NM_003517 9.62737 8.97847 0.00643 -0.067401239 

29 8147543 C8orf47 BC062359 3.66825 3.47950 0.00659 -0.051455962 

30 8132387 POU6F2 NM_007252 3.58496 3.39724 0.00666 -0.052365017 

31 8039923 AURKAIP1 NM_017900 7.45071 6.83994 0.00672 -0.081974291 

32 8170393 CXorf40A NM_178124 4.75995 4.53436 0.00679 -0.047391988 

33 8002344 EXOSC6 NM_058219 5.31662 4.98212 0.00703 -0.062915913 

34 8034512 SNORD41 NR_002751 5.96137 5.04524 0.00711 -0.153677762 

35 7995813 MT1DP NR_003658 4.61331 4.44711 0.00737 -0.036027613 

36 8124524 HIST1H2AK NM_003510 7.24545 6.04051 0.00772 -0.166303067 

37 8171392 ASB9 NM_024087 3.25351 2.89563 0.00786 -0.109998238 

38 7915896 CYP4Z2P NR_002788 2.72993 2.51093 0.00806 -0.080224181 

39 8124430 HIST1H1D NM_005320 4.40426 3.91621 0.00868 -0.110811737 

40 8155754 MAMDC2 NM_153267 3.45450 3.27488 0.00877 -0.051994068 

 

 



Table A.2.3: The top 40 genes indicated by student-t test to be significantly 

down regulated 24 hr after miR-215 over expression in OE-19 cells.  

No. ID 

Gene 

Symbol RefSeq 

Average 

Expression 

(NC) 

Average 

Expression 

(215) 

p-value 

215vNC (2 

SIDED, equal 

variance) 

Decrease in 

Fold Change  

1 8141843 IGFBP2 NM_000597 5.65625 5.26762 0.00039 -0.068708107 

2 7932864 TNNI2 NM_001145829 3.73298 3.28080 0.00045 -0.121130999 

3 7952810 SLC35C1 NM_018389 6.58870 6.20083 0.00074 -0.058868943 

4 8139160 VPS26B NM_052875 6.71253 6.45290 0.00096 -0.038678412 

5 7964757 RNH1 NM_002939 7.16052 6.75401 0.00102 -0.056770112 

6 8160163 ABCB6 NM_005689 6.44524 6.01964 0.00115 -0.066033193 

7 8126095 OR5B12 NM_001004733 3.42560 3.18954 0.00122 -0.068908677 

8 7937728 PLEKHG3 NM_015549 4.91157 4.69653 0.00126 -0.043781685 

9 8034901 GRIA2 NM_001083619 3.18067 2.98640 0.00174 -0.06107839 

10 8025382 FRAP1 NM_004958 7.52877 7.34433 0.00174 -0.024498036 

11 7945371 XKR8 NM_018053 4.39044 4.11728 0.00190 -0.062216952 

12 8168781 SKIV2L NM_006929 5.50976 4.97430 0.00202 -0.097184511 

13 7979721 SLC22A18 NM_002555 5.65559 5.31448 0.00219 -0.060313224 

14 8097753 RAB1B NM_030981 8.80443 8.30767 0.00219 -0.056421597 

15 8034512 CAD NM_004341 7.05228 6.61855 0.00229 -0.061502067 

16 8067185 GSTM5 NM_000851 3.44536 3.25727 0.00240 -0.05459221 

17 8107847 SPINK6 NM_205841 3.05937 2.91122 0.00243 -0.04842495 

18 7933442 MPRIP NM_201274 6.98422 6.59084 0.00244 -0.056324564 

19 8011331 SKIV2L NM_006929 5.39994 4.89325 0.00251 -0.093831907 

20 7958377 SKIV2L NM_006929 5.39994 4.89325 0.00251 -0.093831907 

21 8016476 CD151 NM_004357 8.34611 7.79541 0.00271 -0.065983208 

22 8179364 ATP4B NM_000705 3.43920 3.22869 0.00296 -0.061208943 

23 8028194 LOC645339 BC014600 3.10044 2.91335 0.00296 -0.060342983 

24 7970595 CTSD AK022293 6.95208 6.48211 0.00312 -0.067601319 

25 8118367 EIF2C1 NM_012199 7.86838 7.52245 0.00320 -0.043965001 

26 8178136 LPAR2 NM_004720 5.74627 5.35622 0.00326 -0.067877695 

27 7953733 GPS1 NM_212492 7.42943 7.06395 0.00348 -0.049193972 

28 7998136 HBE1 NM_005330 3.17823 3.07084 0.00362 -0.033790261 

29 8012928 ATP13A5 NM_198505 2.91525 2.78353 0.00380 -0.045185324 

30 8027398 ARRDC1 NM_152285 6.77190 6.49068 0.00414 -0.041526525 

31 8009639 FAM123B NM_152424 5.58419 5.34012 0.00434 -0.043708491 

32 8165319 C9orf142 BC002613 6.59116 6.34198 0.00441 -0.037804676 

33 8082916 GLT8D4 NM_001080393 3.27797 3.08178 0.00456 -0.059850049 

34 8015798 C14orf83 NM_182526 2.73887 2.44504 0.00525 -0.107279167 

35 8131143 OR3A2 NM_002551 3.21854 2.88719 0.00537 -0.10294937 

36 8122982 SLC8A3 NM_033262 2.87734 2.75189 0.00537 -0.043598138 

37 8148917 PPM1F NM_014634 4.93065 4.63691 0.00559 -0.05957366 

38 8013157 YIPF3 NM_015388 8.15938 7.90432 0.00584 -0.031259715 

39 7936115 MST150 NM_032947 4.68742 4.54499 0.00591 -0.030386275 

40 7897132 KIAA0100 NM_014680 8.64300 8.42938 0.00595 -0.024715955 
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